
British Journal of Industrial Medicine 1981;38:87-90

Locally induced digital vasospasm detected by
delayed rewarming in Raynaud's phenomenon of
occupational origin

C JUUL AND S L NIELSEN
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ABSTRACT Therewarming time of fingers after hand coolingto 1O°during ischaemiawas significantly
prolonged in all subjects with Raynaud's phenomenon of occupational origin compared with normal
reaction and patients with primary Raynaud's phenomenon. The temperature is faster and easier to
record than pressure or pulse volume. Population studies are in progress with the described technique.

An objective test is needed to confirm a patient's
history of vibration-induced white finger both in
relation to epidemiological studies and in the assess-
ment of disability for industrial injuries benefit. It
has, however, proved difficult both to evoke and
detect white finger in subjects with Raynaud's
phenomenon.1 2
Many different tests have been described (table 1)

but their efficiency seems to be unsatisfactory.' The
existing cold provocation tests were of minor value
in diagnosing Raynaud's phenomenon of occupa-
tional origin, and Pyykk66 found a cold test poorly
scored in a diagnostic approach. Recently we de-
scribed a new method for cold provocation using
finger cooling to standardised levels during arterial
occlusion for five minutes. Attacks are recorded by
measuring finger systolic blood pressure.2 If the
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arteries in a cooled segment of a finger are constricted
during the cooling a decrease in the finger systolic
pressure is recorded.8 The method is reasonably
accurate in workers having white finger after using
vibrating hand tools.7 Only one segment of a finger
is cooled, however, and it becomes time consuming
to map the number of diseased fingers by this method.
If stenotic processes are located in the arteries proxi-
mal to the cooled segment the test might give falsely
normal values. To overcome these problems we have
used a standardised cooling procedure of the hand
during arterial occlusion at the wrist.9 10 We have
detected induced vasoconstriction by measuring re-
warming time from simultaneous recordings of the
temperature of the skin on the fingertips.
The sympathetic discharge to the digits was either

abolished by body heating or increased by moderate
body cooling using a water perfusable blanket. The
present study describes the test and compares normal
subjects with two groups of patients with Raynaud's
phenomenon.

Table 1 Cold provocation tests applied on Raynaud's phenomenon of occupational origin

A uthor Year Local cooling Time General cooling Tiune Observation
(min) (min)

Extent Temp Extent Temp
(OC) (IC)

Kylin3 1968 Hand 15 10 Air 15 _ White finger/delayed
Towels 15 rewarming/pulse

amplitude
Okada4 1971 Hand 4 1 Air 6 - White finger
Hellstrom5 1971 Hand 15 20 Air 10 40 White finger
Pyykko6 1974 Arm 15 15 Air 20 Whitefinger

Towels 15 15
Olsen7 1979 Finger 15 5 Air 22 Fingerpressure

Body 10-15 10
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Material and methods

Nineteen healthy subjects working indoors and 15
patients with Raynaud's phenomenon volunteered to
take part in the study. The normal subjects were
either medical students or male hospital employees.
The patients were submitted to investigation for
Raynaud's phenomenon, and seven were classified
by clinical criteria as primary cases (women aged
20-45, attacks from late childhood without rapid
deterioration, typical triade of colour shift, no
ischaemic signs), and eight as secondary cases (men
aged 25-70, attacks after some years of work with
vibrating hand tools, typical triade of colour shift
released by cold, no ischaemic signs but sometimes
lower than normal finger systolic pressure at a
finger temperature of 30°C). The age and blood
pressure (median and range) measured on the upper
arm were for normal subjects 23 years (18-39) and
125 mm Hg (110-160), for primary Raynaud's 35
years (22-44) and 133 mm Hg (120-145), and for
secondary Raynaud's 49 years (26-69) and 135 mm
Hg (120-170). Patients and normal subjects were
investigated supine after 15 minutes' rest at room
temperature (22-24°C). The body was surrounded by
a water perfusable blanket perfused either with
water at 50-55°C or 10-12°C. The blanket was per-
fused with hot water for 10 minutes, and during this
period thermocouples were applied on the terminal
phalanx of the digits for continuous recording of
skin temperature using a potentiometer recorder
(Ellab Z94 B Copenhagen). A blood pressure cuff at
the wrist was inflated to a suprasystolic pressure, and
the hand was submerged in water at 10GC grasping a
precooled metal cylinder. After five minutes the hand
was dried by light touch with hand towels. The blood
pressure cuff was released without interrupting the
recording, which was continued until the skin tem-
perature was above the room temperature. The
blanket was thereafter perfused with water at 10-12°C
for 10 minutes. The finger systolic pressure was re-
corded with the cuff on the midphalanx of the digit

O i

2-

.G

0.

E

.OD

CLJ

0 Mnutes

Juul and Nielsen

said to have the most pronounced attacks and on the
thumb. The finger systolic pressure was measured on
the diseased finger (in normal subjects the third
finger) after cooling the midphalanx to 30, 15, and
100C.2 The thumb was not cooled, and the pressure
here was used as reference. Raynaud's phenomenon
was observed by a finger pressure of zero indicating
complete closure of the digital arteries.8 A change in
arterial constriction was recorded as a pressure drop
on the cooled finger. The change was expressed in
percentage of the pressure at 30°C after correction
for changes in the systolic pressure on the reference
finger of the same hand. After the pressure record-
ings the hand cooling to 10°C was repeated with con-
tinued body cooling.

Statistical evaluation was performed with
Wilcoxon's paired sample test in normal subjects and
Mann-Whitney's U test or Fisher's exact test for
other comparisons, using a level of significance of
50%.

Results

In normal subjects the rewarming of fingers after hand
cooling to O0GCwasrapidifthebodywas heated by the
water perfusable blanket (table 2). Rewarming time,
defined as the time taken for the fingertips to reach
room temperature, differed slightly. This difference
was significant only when comparing the first and
fourth fingers with the fifth finger. Figure 1 shows a
temperature curve for a normal subject. After body

Table 2 Rewarming time (min) offingers to room
temperature after ischaemia and handcooling to 10°C in
19 normal subjects after body heating

Finger Mean SD f Mean + SD-t
No (min) 95% 99%

1 1-484 0-532 18 2-41 2-84
2 1-322 0-462 17 2-13 2-51
3 1-435 0-572 16 2 43 2-91
4 1-411 0-488 18 2-26 2-66
5 1*263 0-465 18 2-07 2-45

Fig 1 Temperature recordings on
fingertips before, during, and after
cooling ofhand with water at 10°C.
Ischaemia was obtained by an occluding
cuff at wrist during five minutes' cooling.
Note that in normal subject all finger
temperatures crossed room temperature
within 2 5 minutes.
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Locally induced digital vasospasm detected by delayed rewarming

Table 3 Rewarming time (min) offingers to room temperature after handcooling at 10°C for 5 minutes during
ischaemia. Nineteen normal subjects and 15 patients with Raynaud's phenomenon compared with Mann- Whitnley's rank
test

Finger Normal subjects (n = 19) Primary Raynaud's (n = 7) Secondary Raynaud's(n = 8) p- value

Median Range Median Range Median Range NvS P vS

1 1-4 0-7-2-5 1-2 1 0- 1-8 2-3 09- 3-8
2 1-3 0-6-2-9 1-3 0-9-10-0 3-0 1-1-12-6 < 0-05 > 0 05
3 1 3 0-6-2-9 1-3 0-8-9-5 6-2 0-9-13-0 <001 > 005
4 1 3 0-5-2-3 1-2 07-8-6 6-5 2-8-10-5 <001 <005
5 1*4 0-4-2-1 1*7 0-8-7-0 4-4 2-1-10-2 < 0 01
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Fig 2 Temperature recordings in a

patient complaining of Raynaud's
phenomenon of occupational origin in
all fingers. Note a prolonged rewarming
time compared to normal reaction
(table 2).

Table 4 Comparison of rewarming time with secondary
Raynaud's record of white, dead fingers at cold exposure.
p < 0-01 with Fisher's exact test

Rewarming Finger white Normal

Prolonged 22 1
Normal 1 5

Table 5 Comparison of rewarming time on diseased
fingers from patients record in primary and secondary
forms of Raynaud'sphenomenon. p < 0-01 with Fisher's
exact test

Rewarming Primary Raynaud's Secondary Raynaud's

Prolonged 11 22
Normal 19 1

cooling, the rewarming time was much more variable
in normal subjects, and some d.d even not reach
room temperature on the digits within half an hour.
Therefore the standard test to be used in patients
with Raynaud's phenomenon was chosen to be hand
cooling during body heating to abolish the sympa-
thetic discharge to the digits. Table 2 gives the nor-
mal range and confidence limits for the rewarming
time.
For two groups of patients with Raynaud's

phenomenon, the reaction of the digits to hand cool-
ing during body heating is shown in table 3. Patients
wtth Raynaud's phenomenon of occupational origin
all showed an abnormal, prolonged rewarming time
that seemed related to the patient's record of
severity in each finger. A prolonged rewarming time

Table 6 Arm andfinger systolic blood pressure in 19 normal indoor workers and 15 patients with Raynaud's
phenomenon (median and range)

Group No Arm systolic blood Finger systolic Finger systolic pressure in percerntage of
pressure pressure pressure at 30°C

15° 100

Normal 19 125 125 * 90 83
subjects 110-160 95-168 68-117 62-98

Primary 132 127 * 66 63
Raynaud's 120-145 108-146 0-94 0-88

* * *

Secondary 8 135 * 119 * 49 * 0
Raynaud's 120-170 106-135 0-66 0-59

*Denote significant difference (p < 005 with Wilcoxon test for paired differences and Mann-Whitney's test for grouped samples).
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was observed only in the women having pronounced
primary Raynaud's phenomenon. An example of the
temperature curves is given in fig 2 where all diseased
fingers showed a prolonged rewarming time com-
pared with the normal values (table 2). If the number
of digits with clinical disease is compared with the
number of abnormal test results in secondary and
primary Raynaud's phenomenon only secondary
cases have a significant relation (p < 0 01, table 4).
Comparing the test results on diseased fingers in
primary and secondary Raynaud's phenomena gave
a significant difference (p < 0 01, table 5). Table 6
gives the results of the finger systolic pressure
measurements on the three groups. It is evident that
the finger systolic pressure in secondary cases is
lower and the reaction to finger cooling is more pro-
nounced than in the other groups.

Discussion

Raynaud's phenomenon is provoked by combined
local and general cooling (table 1), and the
phenomenon may either be observed directly or be
recorded by a prolonged rewarming time or the
absence of the pulse, zero pressure, or absent blood
flow in the finger. Tests previously described have
not standardised the cold provocation in ways other
than by the temperature of the water (or air) and the
exposure time.1" In the technique presented here, the
temperature of the finger arteries was made to come
down to skin temperature by cooling for five minutes
during hand ischaemia. This principle was proposed
by Krahenbuhl'0 and validated by Nielsen.2

Sympathetic discharge is, however, important for
the release of Raynaud's phenomenon, and unknown
sympathetic activation is hidden in the tests de-
scribed earlier (table 1). Our novel approach is to
avoid influencing the sympathetic nervous system by
heating the body before cooling the hand. Theoreti-
cally, this should excludecases of Raynaud's phenom-
enon in which the sympathetic nervous system
alone is responsible for the attacks. Two-thirds of the
patients classified as having primary Raynaud's
phenomenon showed a completely normal rewarm-
ing time (table 5).

In all cases of Raynaud's phenomenon of occupa-
tional origin the rewarming time was prolonged
(table 4) and the more prolonged, the more affected
were the fingers. The new technique was more sensi-
tive than the test using finger systolic pressure after
local cooling. This is probably due to more extensive
hand cooling.

The present test is unable to give information
about the existence of stenotic processes in the finger
or hand arteries. A study on patients undergoing
hand arteriography is therefore in progress. Another
problem is to decide the predictive value of the de-
scribed test.This can be done only with a population
study, which will be started when a simplified tem-
perature recorder has been developed giving infor-
mation only about the rewarming time for each
finger. In describing the severity of Raynaud's
phenomenon both the number of digits affected and
the critical temperature for release of the attacks are
important. The technique described here gives in-
formation about the number of digits affected in
secondary cases, and the critical temperature might
be determined by cooling to different temperature
levels-for example, 20, 15, and 10°C. Each level
takes, however, about 10-15 minutes to record and
the test thereby becomes rather time consuming. It
is advisable to estimate the critical temperature by a
detailed medical interview.
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