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In vivo observations of skin capillaries in workers 
exposed to vinyl chloride. An English-American 
comparison
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abstract An unselected sample of vinyl chloride (VC)-exposed individuals, all employees of a 
polyvinyl chloride production plant in England (129 subjects), were examined by in v/vo capillary 
microscopy. Results were compared with those previously obtained from a similar study in the 
USA to determine whether -an association between VC exposure and capillary abnormalities 
could be found in different environments. The results showed a similar distribution of capillary 
abnormalities among the VC workers in both countries (39-5% in England compared with 36% 
in the USA). These capillary abnormalities were significantly more frequent among VC-exposed 
subjects than among control industrial workers (7-7%, 6%). In vivo microscopy also showed a 
higher incidence of papular lesions (13-5%) than had been detected clinically (I %).

Our previous survey of 152 polyvinyl chloride 
(PVC) production workers in the United States of 
America demonstrated that 36% had skin capillary 
abnormalities visible by in vivo microscopy com­
pared with 6% in control manual workers (Maricq 
et ah, 1976). In 14%, capillary abnormalities were 
scattered, similar to those in scleroderma (SD); in 
the remaining 22% only isolated capillary changes 
were seen. Workers suffering from vinyl chloride 
(VC)-related disease had more capillary abnormali­
ties than had other employees of the PVC industry. 
Because reports from different countries base shown 
a great variability in the prevalence and type of VC- 
related disease (Chatelain and Moullon, 1967;Byren 
and Hoimberg, 1975; Duck et al, 1975; Lilis et al., 
1975; Sakabc, 1975; Suciu, 1975; Thiess and 
Frentzel-Beyme, 1975; Veltman et ai., 1975), the 
presence of capillary abnormalities in VC-exposed 
subjects from a different country was determined. 
Results were simitar to tnose found previously in the 
USA.

Methods

SUBJECTS
The VC-exposed population consisted of all 129 
employees, 126 men and 3 women, of a PVC pro-
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duction plant in England. They were 18-64 years old 
(mean age 40-9 yr). Independent clinical assessments 
concerning VC-related disease were available for 104 
of these subjects. Control subjects comprised 26 
employees of another (non-PVC-producing) chem­
ical plant located in the same industrial complex. 
Although these controls were not exposed to VC in 
their place of employment. VC exposure from the 
outside environment was possible. They were all 
men, 19*64 years old (mean age 4!-9 yr).

WIDE-FIELD CAPILLARY MICROSCOPY 
The hands of all subjects were examined by wide- 
field capillary microscopy as previously described 
(Maricq el al., 1976). Twelve standard sites were 
examined in each subject, four nailfolds and two 
each of the following sites: dorsum of the distal 
phalanx other than the nailfold, dorsum of the 
middle phalanx, dorsum of the proximal inter- 
phalangeal joint, and the finger pad. Examination by 
direct observation was complemented by photo­
graphs (Maricq, 1970) coded for blind analysis.

SKIN EXAMINATION
The skin of both hands was surveyed for papular 
lesions by gross and microscopic examinations.

CLINICAL ASSESSMENT
Subjects were classified by independent clinical 
assessment as severely affected, affected, or not
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Fig. I (a) View of the nailfold 
and of the dorsum of the distal 
phalanx in a normal subject.
(b) Several abnormally large 
capillaries in the nailfold of a 
yC worker, (c) An isolated large 
capillary on the dorsum of the 
finger in a yC-exposcd subject. 
(Copyright 1976, American 
Medical Association.)
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Fig- 2 Frequency of capillary abnormalities in VC-exposed subjects in England and in the USA.

ie nailfold 
the distal 
■abject, 
v large 
old of a 
dated large 
m of the 
d subject, 
rican

affected. Among 104 employees, 26 were affected 
or severely affected, most of whom had symptoms 
and signs in the hands. Twenty-five had Raynaud's 
syndrome; of these, 15 presented with numbness, 
tingling, weakness, and stiffness of the fingers, and 
eight with the same symptoms in the hands and feet. 
Eight subjects complained of stiffness and aches and 
pains in the knees, elbows, lower legs, and back. 
Nine had signs and symptoms of pulmonary dys­
function. There was one subject with nodular skin 
lesioas and one with acro-osteoJysis, but no 
documented cases of hepatic fibrosis or angiosar­
coma. In 14 subjects, sites other than the hands 
were involved. The results of the clinical assessment 
were not known to the examiners at the timecf the 
capillary observations.

WORK HISTORY
Information was also obtained on the following 
aspects of subjects' past history: length of employ­
ment with the company, number of years spent as 
reactor cleaners and the type of occupation at the

time of the examination. For those workers who 
were off duty because of possible VC-related con­
ditions the duration of absence from work was 
recorded.. This information was filed for later 
analysis and was not known to those who performed 
the capillary examinations.

Results

CAPILLARY MICROSCOPY
Capillary abnormalities (Fig. 1) in this study were 
similar to those previously reported from the USA 
(Fig. 2) (Maricq et a!., 1976), and were significantly 
more frequent among PVC production plant em­
ployees (39-5%) than among nearby chemical 
workers (7-7%, Table I). Scattered capillary abnor­
malities were present in 17% of VC-exposed subjects 
and isolated capillary changes in an additional 
22-5%. These results were confirmed by analysis of 
coded photographs.

In the VC-exposed group, subjects were divided 
into two categories by clinical assessment. Affected
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Table 1 Companion of capillary observations in 
RyC and chemical plant employees

OturwisM Type of flam

rvc Cttrmicel

*• r

Scattered capillary 
abnormalities 22 2

Isolated capillary 
abnormalities 29 0 10-40 <0 01

No capillary 
abnormalities 24

and severely affected employees were combined into 
a symptomatic group and compared with the non- 
affected or asymptomatic group. The results demon­
strated a statistically significant difference (x2 with 
2 degrees of freedom * 10-84; p < 0 01) in the 
prevalence of capillary abnormalities between the 
symptomatic and asymptomatic subjects (Table 2). 
Asymptomatic workers had significantly more

Table 2 Distribution of capillary abnormalities among 
subjects according to clinical assessment

Obmeiiwu Symwiommiic Aiymytamaiu *• P

Scattered capillary 
abnormalities 10 •

Isolated capillary 
■bnormaliiies J 22 10-14 <0-01

No capillary 
abnormalities II 41

capillary abnormalities than controls (y: with 2 
degrees of freedom ■ 10*13; p < 0*01).

Scattered capillary abnormalities were most 
frequent among the symptomatic workers; isolated 
capillary changes among the asymptomatic ones. 
Comparison of results from England and the (JSA 
shows a similar correlation of capillary abnormalities 
with clinical status in both countries (Fig. 3). In both
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Fig. 3 Comparison of the type of capillary abnormalities in the two countries.
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studies the majority of symptomatic workers have 
shown capillary abnormalities.

As in our previous study of workers in the USA, 
no correlation was found between the length of 
employment or the length of time spent as reactor 
cleaner and the presence of capillary abnormalities. 
(The mean number of years with the company was 
3*8 (SD ± 2*2 yr) and the reactor experience 
1*1 years (SD ± 0*7 yr) for the workers in the 
present study). The type of employment at the time 
of this examination did not appear to have any 
relationship to the capillary findings, nor was there 
any correlation between the capillary abnormalities 
and the age of the subjects.

At the time of the examination, 15 workers had 
not been working at the plant for periods ranging 
from six months to two years. There war no evidence 
of any relationship between the presence or absence 
of capillary abnormalities and the length of such 
absence from the plant.

PAPULAR LESIONS
As well as the large, papular, scleroderma-like skin 
changes similar to those reported in the literature and 
already noted by previous examiners of these 
workers, we also observed smaller, faintly visible 
papular lesions (Fig. 4a). The smallest of these 
papules (minipapuJes) were seen better when 
examined under the microscope (Fig. 4b). The pro* 
portion of subjects with such papular lesions was 
also significantly different in the three groups studied 
(Fig. 5) (x* with 2 degrees of freedom = 20-07; p 
< 0-0005). The numbers of subjects with scattered 
capillary abnormalities and papular lesions were 
comparable; of 22 patients with papular lesions 
and/or scattered capillary abnormalities, eight had 
both.

Discussion

The results of this study show that capillary 
abnormalities are present in VC-exposed individuals 
to the same degree in two different countries, 
England and the USA, indicating that such micro- 
vascular changes are probably not influenced by 
differences in manufacturing procedures or environ­
mental factors from country to country.

The fact that the American sample included more 
severely affected symptomatic patients and that the 
duration of possible VC exposure was longer (mean 
length of employment 15 years versus 3*8 years) than 
in the group of English workers, while the prevalence 
of capillary abnormalities was comparable in both 
countries, suggests that capillary abnormalities may 
precede more serious VC-related disorders.

The prevalence of capillary abnormalities among

Fig. 4 (<?) Small papular lesions on the dorsum of the 
finger in a VC worker. (b) Microscopic appearance of a 
minipapule. (Copyright 1976, American Medical 
Association.)
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Fig. 5 Frequency of papular lesions among the study subjects.

CONTROLS

workers who had ceased to have contact with VC 
was not less than that among those who were still 
working at the plant. Although there was no obvious 
correlation with the length of cessation of VC 
exposure, the group is small; furthermore all 15 
belong to the clinically affected group and it is there* 
fore difficult to determine whether capillary atv 
normalities would be reversible or not, at least in 
some cases.

As few PVC workers develop progressive VC- 
related disease, some even after being removed from 
VC-exposure, while more appear to suffer transient 
and reversible effects and most show no apparent ill 
effect even after years of VC-cxposure, it is postu­
lated that a genetic predisposition may be involved 
in VC-related disease and in the associated capiliary 
abnormalities. Genetic predisposition may vary 
from country to country because of different gene 
pools. However, no information on this subject was 
expected from the present investigation because 
most of the American workers were of Anglo-Saxon 
origin.

The results of this study have thus confirmed, on 
an unselected sample of VC-exposcd individuals, the

relationship of skin capillary abnormalities with VC 
exposure and VC-related conditions. Further work 
is necessary to explore the nature of this relationship, 
as well as the relationship of VC exposure to papular 
skin lesions.
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