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ABSTRACT A cold provocation test (measurement of finger systolic pressure during combined body
and local finger cooling) was performed on Ill male patients exposed to vibration and with a typical
history of cold induced white finger. A new method of calculating the test result is described-
namely, digital systolic blood pressure in the cooled test finger as a percentage of the systolic
pressure in the arm (DP%). The conventional way of calculating the result, the systolic pressure in
the cooled test finger as a percentage of the systolic pressure in the test finger when heated to 30'C,
corrected for changes in systemic pressure by the use of a reference finger (FSP%), requires the
measurement of the systolic pressure in a reference finger. The two ways of calculating the test
results give a similar sensitivity (74% for FSP%, 79% for DP% if all histories are regarded as true)
but the new method does not require pressure measurements in a reference finger. This makes the
test easier to perform and the result easier to understand.

Vibration white finger (VWF) is a disease that, in
many countries, entitles the patient to compensation.
Thus there is a need for objective verification of the
disease even when the history is suggestive. Many
tests have been described1`4 but none is universally
accepted, indicating that the ideal test has not yet
been developed. The measurement of finger systolic
pressure during general body and local finger cooling
is the method that was initially claimed to have both
a high sensitivity and specificity.5-' In clinical rou-
tine use, however, the test appears to have a lower
sensitivity than was reported earlier. The aim of the
present study was to evaluate further the test method
in a large number of patients with VWF and also to
evaluate the conventional way of calculating the re-
sult of the test.8

Subjects and methods

All patients at the department of occupational medi-
cine, S6dersjukhuset, with suspected VWF were re-
ferred for a cold provocation test as described
earlier.7 The patients rested for 15 minutes in a ther-
mostated room (16 + 2°C) before the measurement.
They were not allowed to smoke for four hours before
testing.

Immediately after each pressure measurement in
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the fingers, blood pressure in the same arm was taken
using a sphygmomanometer cuff. No tests were per-
formed during the summer.

During the cold provocation test, the mea-
surements shown in table 1 were made; the table also
lists the abbreviations used in the text. Cooling to
10°C was done systematically only in patients having
a normal FSP% at 15°C. The results at 10°C have
been included only for those with a normal test result
at 150C.
FSP% at 15°C and 10°C was calculated according

to the equation in table 1. The test result was also
calculated as the digital systolic pressure as a per-
centage of the systolic pressure in the arm (DP%) at
300, 150, and 10°C (table 1).
Two reference groups of healthy subjects were also

examined. One group consisted of 14 men who had
never worked with vibrating tools (unexposed con-
trols), the other of 15 men who had been exposed to
vibration at work for at least five years but who had
no symptoms in the hands or arms (exposed con-
trols).
From January 1982 to April 1984 136 patients who

had been exposed to vibration were examined using
the cold provocation test. Twenty five had no distinct
history of cold induced white finger and so were not
included in the study. The remaining 111 patients
with a history of typical Raynaud's phenomenon
comprised the final study group. The severity of the
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Table I Measurements taken during the coldprovocation
test, and abbreviations used in the text

Finger systolic pressure in the test finger with water temperature of
30°C, 15°C, and 10°C in the water cuff (PH20 30' PH2O 15' and
PH20 10)

Finger systolic pressure in the reference finger (P,,f 30, Pref 15' and
Pref I 0)
Arm systolic pressure (Pa.m 30' Parm I S, and parm o)

FSP%TC PH2OT X 100

PH2O30(Pref 30 PrefT)

DP%T C = T _
warm T

where T'C corresponds to 30'C, I15°C, or I10°C

vasospastic disease was graded according to the
Taylor-Pelmear symptom scale9 in three groups (TI
to T3), where TI, T2, and T3 corresponds to Taylor-
Pelmear groups 1, 2, and 3-4, respectively. Fifteen
patients whose test results were normal, when calcu-
lated as FSP%, were re-examined, two on the same
day, the others at a later date.
For statistical analysis Mann-Whitney's two sam-

ple rank test and Spearman's rank correlation test
were used. The Chi squared test was used when com-
paring the number of pathological test results in the
three categories of patients (T1-T3).

Results

REFERENCE GROUPS
There were no significant differences between the un-
exposed and the exposed control groups in the test
results calculated as FSP% at IsC and 10°C, or as
DP% at 15sC (table 2). The exposed control group,
however, had a significantly lower DP%1Ic than the
unexposed group (p < 0-05). FSP% and DP% values
of 65% or less were considered pathological at 15C
and 60% or less at 10°C. With these limits, one of the
29 controls had an abnormal test result expressed as
FSP%, and two were abnormal when the results were
expressed as DP%.
The median change in arm systolic pressure was

small between the first measurement with water at
30°C in the water cuff and the second at 1°C

(Parm 30Oparm 15). The corresponding change in the
systolic pressure in the reference finger (Pref 30OPref 15)
was also small (table 3). There was a significant cor-
relation between the change in the systolic pressures
in the arm and the reference finger in the unexposed
controls (r = 0 50, p <0 05) but not in the exposed
controls (r = 0-11, p > 0-25).

PATIENT GROUPS
One patient was not tested because the systolic pres-
sure in the test finger was 10 mm Hg even after warm-
ing to 30°C. In another patient no blood pressure
could be registered in the reference finger at 1 50C. His
FSP%1 5c which, when calculated conventionally,
would have been -150%, has been regarded as 0%.
When the test results were expressed as FSP%, 29

of the 111 patients were within the normal range
whereas 23 of the 111 were classified as normal when
the results were expressed as DP%. This corresponds
to a sensitivity of 74% and 79%, respectively. Of the
15 patients retested because their FSP% was within
normal limits at the first examination, 13 had pathol-
ogical test results on the second occasion. The pa-
tients with more advanced disease had a lower median
FSP%1 5c and a lower median DP%1 5°c than those
with less advanced disease (fig 1). The frequency of
pathological test results calculated as FSP% and
DP% increased with the severity of thedisease (p <
0 05); fig 2 shows a comparison of the two methods
used to calculate the test result.

In the patient group the median change in arm

systolic pressure was small between the first
measurement at 30°C and the second at 1 5oC
(Parm 30-Parm 15). Some patients, however, showed a
large decrease in systolic pressure in the reference
finger (maximum 100 mm Hg) from the first to the
second measurement (table 3). As in the exposed con-
trols there was no significant correlation between
changes in systolic pressure in the arm and in the ref-
erence finger.

There was no significant difference in systolic arm
pressure (Pa,m 30) between the patients and the con-
trols (table 3). The finger systolic pressure in the test
finger at 30°C, however, was significantly lower (p <
0 05) in the patient group than in either of the control
groups.

Table 2 Results of the coldprovocation test in the reference groups. (Medians and (range)s are shown)

Reference group Suggested lower normal No with abnormal results

Unexposed Exposed limit

No 14 15
FSP% S.c (range) 86 (67-100) 92 (67-105) 65 0
FSP%I0-c (range) 83 (59-96) 77 (67-100) 60 1
DP%1I.C (range) 89 (67-105) 83 (64-100) 65 2
DP%Io-C (range) 86 (61-105) 80 (63-92) 60 0
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Table 3 Datafrom the coldprovocation test in the reference andpatient groups. (Medians and (range)s are shown)
Reference group Patients

Unexposed Exposed

Parm 30 (range) 120 (90 to 140) 125 (1 10 to 140) 120 (100 to 175)
PH20 30 (range) 120 (100 to 145) 120 (100 to 140) 1 10 (10 to 150)
Parm 30-Pa. 1S (range) 0 (-15 to 15) 0 (-20 to 5) 0 (-15 to 15)
Pref 30-prO f 1 S(range) -5 (-20 to 10) 0 (-15 to 10) 0 (-30 to 100)

1002

75'

DP *V.

50-

25

--------- Ref In=39)

TI (n.23)

T2 (n=49)

T3 (n=38)

30°C 15°C

Fig I Median DP% at 30°C and 15° in patients, divided
into three subgroups according to their subjective symptoms,
and in referents.

100*
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(n=23) (nI49)- (n 39)

Fig 2 Comparison ofcalculating test results as FSP% and
DP% in three patient groups. Percentage pathological tests
at 15°C (shaded area) and at JO0C.

Discussion

The measurement of finger systolic pressure during
general body and local finger cooling has been used
for some years as a diagnostic tool in VWF. In the
present study the sensitivity was not as high as re-
ported earlier. Supposing that all the patients gave a
true history of cold induced white finger then approx-
imately 25% false negative results are obtained with
the limits used. When the results are expressed as
FSP%, the sensitivity increased from 57% in mild to
87% in advanced disease. Thus one explanation for
the higher sensitivity in previous studies may be that
the patients had more advanced disease. The patients'
smoking habits also influence the result of the test,'0
nicotine users having more pathological test results
than non-users, and differences in nicotine con-
sumption may be another factor that affects the sensi-
tivity. The frequency of pathological test results is the
same in a retested subgroup whose tests were initially
normal as in the whole group. This indicates that the
normal results obtained in the patient group are false
negatives and not caused by the patients giving a false
history.

In the test described here controls exposed to vi-
bration have a tendency towards lower test results,
reaching statistical significance for DP% at 10°C. In
an earlier study we examined a healthy exposed con-
trol who had an FSP%15sc of 60%.7 Four years later
he developed clinical Raynaud's phenomena; his
FSP%15.c then was 0%. Thus the somewhat ex-
aggerated reaction in the vessels of exposed controls
may be a sign of preclinical disease.6 The controls in
the present study will be followed up after a five year
interval to test the hypothesis that low test results are
an early sign of VWF.

Patients with VWF and healthy controls exposed to
vibration have a prolonged rewarming time after
cooling of the hands compared with unexposed con-
trols. " In the present study patients with VWF had a
significantly lower systolic pressure in the test finger
when heated to 30°C than the controls. This is consis-
tent with results previously obtained6 and may reflect
their prolonged rewarming time. Warming for five
minutes with water at 30°C in the cuff may not be
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sufficient, to release a vasospasm induced by general
cooling before the start of the measurements. An-
other explanation for the low pressure in the warm
test finger may be the presence of organic changes in
the digital arteries,6 earlier shown to be present in
some patients by angiographic"2 or histological"3
techniques.
Of the Ill patients in this study, 16 with advanced

symptoms had their finger systolic pressure measured
after vasodilatation (body heating, sometimes com-
bined with alcohol by mouth). Under these circum-
stances all the patients had a normal systolic finger
pressure, indicating that serious organic changes were
not present in the digital arteries. The low finger sys
tolic pressure at 30°C in patients with VWF thus
seems to depend on functional vasospasm,rather than
on organic lesions.
The formula for calculating FSP% is based on the

pressure in a warm (30°C) test finger as a reference
value for the pressures in the cooled test finger at 150
and 10°C. The observation that some patients with
VWF have low digital systolic pressure at 30°C makes
the calculation of the results as FSP% questionable.
Moreover, some patients with VWF have a low sys-
tolic pressure in their reference finger during the test
procedure, not corresponding to changes in the sys-
temic pressure but presumably induced by a -vaso-
spastic reaction on general cooling. In neither patients
with VWF nor in vibration exposed controls was
there any significant correlation between pressure
changes in the reference finger and in the arm. Thus
the use of a reference finger to compensate for
changes in systemic pressure may be invalid in VWF.
The change in systemic pressure when measured in'
the arm during the cold provocation test is small. If it
is regarded as necessary to compensate for this small

pressure change it seems better to use the systolic
pressure in the arm. With this approach there is no
need to measure the pressure in a reference finger at
all, making the examination easier to perform and the
results easier to understand.
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