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Angiographic study of digital arteries in workers 
exposed to vinyl chloride
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abstract Five patients exposed to vinyl chloride were studied by hand angiography and other 
non-invasive methods, including photoplethysmography, reography, and thermography. Raynaud’s 
phenomenon was present in all five subjects, while acro-osteolysis affected only one. Organic vascular 
lesions, such as narrowing, segmentary occlusions of digital arteries and bridge collaterals, were 
found in angiographic studies. Only one patient did not show clear segmentary occlusions, but his 
vessels were crooked and diffusely narrowed. Angiographic results appear to correlate well with the 
changes shown by non-invasive techniques.

Vinyl chloride causes a complex syndrome, which 
may include typical Raynaud’s phenomenon. The 
Impairment of vascular system function in vinyl 
" hioride disease has been studied in a small group of 
subjects by means of plethysmography,1 thermo­
graphy,2 or angiography.3 4

We were unable to find any published study of all 
these vascular parameters in the same group of 
patients.

Materials and methods

Of 30 workers having vinyl chloride disease, five 
who complained of severe Raynaud’s phenomenon 
were selected for detailed study. The mean age was 
46 years (range 31-56); mean working age was 12-6 
years (range 5-22). Three worked in a vinyl chloride- 
polyvinyl chloride polymerisation factory as auto­
clave cleaners; the other two worked inside polyvinyl 
resin silos (bunker workers) in the same factory.

The severity of their Raynaud’s phenomenon was 
evaluated by a traumatic vasospastic disease index*; 
in all cases the score ranged from 7 to 10 (that is the 
highest possible score). All the patients showed 
pseudoclubbing of the fingers, minimal skin changes, 
hyperidrosis, and paresthesiae. Only one subject had 
bilateral acro-osteolysis of the index finger; he also 
had scleroderma-like skin changes.

Each patient underwent digital photoplethys­
mography,® repeated after cold testing7 antebrachial 
and digital reography,3 static and dynamic hand
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thermography,9 and angiography.
Hand angiograms were performed during general 

anaesthesia. Thirty ml of iodide contrast medium 
(Urografin 76%) were injected, at 6 ml/s, in the 
brachial artery on each side; two .v-ray films a second 
for the first five seconds, and one x-ray film a second 
for the next three seconds were obtained.

A short, deep general anaesthesia10 was necessary 
to complete filling of the digital arteries. We used 
halothane, a vasodilator anaesthetic, to eliminate 
painful vasospasm after contrast medium injection11; 
such arterial spasms may mask underlying occlusive 
disease in patients with Raynaud’s phenomenon 
when the examination is performed under local 
anaesthesia.12 In only one patient was the arterio­
gram performed firstly under local anaesthesia and 
secondly under general anaesthesia.

All the investigations were carried out in a thermo­
statically controlled room (21 °Q.

Results

Tn the forearms the amplitude of the rcogram was 
reduced in two cases in the basal state; some morpho­
logical changes of the descending segment of the 
sphigmic wave suggested basal vasospasm.

At the fingers during rest four cases showed 
spontaneous changes of the vascular tone; curves 
with a wide base and hyperdicrotism, or flattened 
curves with quickly ascending pulse segment and 
flatly continuing descending segment, with fairly 
regular, small waves (saw-waves).

Photoplethysmography showed appreciably 
flattened curves, with quickly ascending and slowly 
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descending pulse segments, indicative of a constric­
tion in the arterial system, or “integrated” shape of 
pulse curves, rounded toward the top, with no 
dicrotic wave, that indicate the presence of occlusions 
in the smaller arterial trunks, which are compensated 
through large-calibre collaterals.

Cold testing evidenced alterations of vascular 
reactivity (“silent" curves, subsequent appearing of 
integrated pulse, late pulse recovery).

In all cases thermography showed a non-homo- 
geneous distribution of the longitudinal thermal 
gradient (LTG), and in several cases abnormal 
thermographic patterns, ranging in basal conditions 
from slight hypothermia to clear thermic amputation 
of some fingers. After cold testing, symmetric 
amputation affected all the hand up to the meta­
carpus.

In association with the above findings we found, 
by arteriography, a generalised narrowing, ranging 
from scattered stenosis of the vascular lumina in 
“arteriae digitales propriae,” to their complete 
occlusion. We did not find reduction in size or 
absence of filling of the palmar arches.4 Only in one 
patient (fig 1) were we unable to observe an obstruc­
tive arterial disease; however, the common and 
arteriae digitales propriae were particularly crooked 
and irregularly narrowed. A variable degree of 
crooking was observed also in the remaining cases 
(figs 2 and 3).

In four subjects we observed complete segmental 
occlusion of arteriae digitales propriae, with distal
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revascularisation by means of bridge collaterals.
The development of numerous collaterals and 

vascular bridges may often determine zones of 
pseudohypervascularity.

Discussion

Conventional hand angiography and its variations 
such as pharmaco and cryodynamic angiography, 
have been widely used in diagnosing Raynaud’s 
syndrome, both systemic12-14 or occupational.3 413-17

Interpretation of the angiograms often proves 
difficult, since many arteries do not conform to a 
single anatomical pattern.18 19 Moreover, most of 
the cases reported have been studied by different 
methods and techniques.1214 20

According to published reports it is not possible 
to attribute any definite pathological importance to 
variations in the big vessels or palmar arches in 
respect of diameter or arrangement.

In the lone case we examined under local anaes­
thesia we observed a very poor arteriogram. We have 
considered the evidence of filiform vessels and the 
complete absence of filling of all the arteries that 
stream out of the palmar arches in angiograms 
performed without anaesthesia as a physiological or 
paraphysiologicai response to contrast medium 
injection; the degree of correlation with the severity 
of the Raynaud’s phenomenon is poor. We must 
remember, however, that the early symptoms of 
Raynaud’s phenomenon are vascular hypertonia and
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Fig 1 Arteriography of (a) left hand and (b) detail of distal part of 
last four fingers. Pronounced narrowing and crooking of all arteries.
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Fig 2 Arteriography of (a) left hand and (b) with detail of second finger. A proper digital 
artery of fourth finger is extremely narrowed. In the second finger, after a dilated and 
crooked segment, artery is clearly interrupted.

hyperreactivity with vasospasm precipitated by many 
stress factors (cold, noise, pain, and so on).

We confirm the signs of organic obstructive disease 
of the little arteries in subjects affected by vinyl 
chloride disease—already reported by Lange et aP— 
and corresponding to histopathological lesions 
shown by skin biopsy to consist of uneven endothelial 
thickening, and thickening of the media of dermal 
arterioles, with inflammatory infiltrates, predomin­
antly perivascular (lymphocytesi, few histiocytes).4

Conclusions

We found a substantial correlation between the 
results obtained by non-invasive methods and by 
angiography. We cannot, however, exclude the 
possibility that a study of a larger number of 
patients may show discrepancies among reo-plethy- 
smographic and thermographic tests and angio­

graphy. In fact, many patients with classical occlusive 
disease can be found to have plethysmograms in the 
normal range, because the plethysmogram tends 
toward normality when the arteries are able to 
deliver a substantial amount of blood to the distal 
phalanges.13 For this reason, plethysmography may 
underestimate the anatomical extent of disease. On 
the other hand, some anatomical alterations angio- 
graphically shown in the presence of Raynaud’s 
disease may be lacking haemodynamic value.21

Therefore, we consider angiography to be a useful 
adjunct to the diagnosis of vinyl chloride disease. It 
may show organic vascular lesions before the appear­
ance of lytic bone lesions, and may allow early 
diagnosis; it may discriminate between organic and 
spastic lesions, and thus be a good indicator of 
prognosis14; it may be of some value in assessing the 
prognosis in acro-osteolysis, because subjects with a 
better collateral vascular system could improve more
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Fig 3 Arteriography of both hands; detail of (a) right 
finger and (b) second left one. As well as aero-osteolysis 
of distal phalanges, occlusion of proper digital artery and 
revascularisation of distal network by bridge collaterals 
(arrow), distal arteries appear tortuous, narrowed, and 
apparently increased in number. Pseudoclubbing is 
present.

quickly.
Pharmacocryodynamic angiography may help to 

evaluate the response to vasodilator drugs, so helping 
to choose and assess the treatment. Finally, angio­
graphy may provide documentary evidence of the 
organic lesions in the peripheral circulation for 
medicolegal purposes. Angiography must be limited 
to doubtful cases with sufficient risk exposure and 
must be performed in hospital.
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