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LASER-DOPPLER MEASUREMENT OF DIGITAL BLOOD FLOW REGULATION
IN NORMALS AND IN PATIENTS WITH RAYNAUD'S PHENOMENON
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Abstract. Finger blood flow was measured continuously
by a laser—Doppler flowmeter in normal subjects and in
patients suffering from primary or secondary Raynaud's
phenomenon. In normals. skin areas with and without
arteriovenous anastomoses could be differentiated. Blood
flow in areas with shunt vessels decreased after a deep
breath but not during venous stasis or the Valsalva man-
euvre. while in other skin areas a decrease in blood flow
was observed after all three maneuvres, suggesting a dual
innervation of nutritional and shunt vessels. In patients
with Raynaud's phenomenon (scleroderma) fingertip
blood flow reacted in the same way as normal skin with-
out shunt vessels. During direct and indirect cooling,
finger blood flow in patients with secondary Raynaud's
phenomenon reacted with the same relative reduction as
normals but resting blood flow in the patients was signifi-
cantly decreased and the rewarming period was greatly
prolonged. In patients with primary Ranaud’'s phenome-
non an even more prolonged decrease in blood flow was
observed after direct or indirect cooling. Defective func-
tion of arteriovenous anastomoses is proposed as an ex-
planation of the deviations from normal. A pathophysiol-
ogical classification of Raynaud's phenomenon may be
possible on the basis of the function tests described.
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Finger blood flow in generalized scleroderma has
been investigated mainly by isotope washout
methods (3, 13) and venous occlusion plethysmo-
graphy (2). As the tightness of the skin in scleroder-
ma might interfere with the plethysmographic re-
cording and as '* Xenon clearance probably meas-
ures only capillary flow, while flow in arteriovenous
anastomoses influences clearance to only a small
degree (6), it might be an advantage to apply the
laser-Doppler flowmeter to investigate digital blood
flow regulation in scleroderma. This instrument has
been described previously and it seems justified to
conclude that a registration of total cutaneous blood
flow can be achieved and expressed in relative
terms (6. 10. 18). In generalized scleroderma. recent

morphologic investigations have shown involution
of arteriovenous anastomoses in fingertips together
with severe alterations of capillaries and arterioles
by narrowing or complete obstruction (2). The mor-
phologic changes might result in a decreased blood
flow, impeding both the nutritional and the non-
nutritional blood flow.

An explanation of Raynaud's phenomenon in
scleroderma could be based on evidence of an ab-
normal regulation of digital blood flow in response
to various kinds of sympathetic stimulation. Ex-
posure to cold elicits cutaneous vasoconstriction
which is most pronounced in the hands and feet (7,
8), aresponse which is chiefly mediated by the sym-
pathetic nervous system. The skin vessels of a
cooled hand also show a direct response to cold.
Moderate cooling or exposure for brief periods to
severe cold results in constriction of the resistance
as well as capacitance vessels. a reaction of both
local and reflex origin (7).

Straining against a closed glottis (termed the Val-
salva maneuvre) has been shown to increase activi-
ty in muscle sympathetic nerves via baroreceptor
stimulation, but appeared to be without consistent
effect in skin sympathetic nerves (I, 4, 5). Vaso-
constriction seems to occur in muscle as well as in
certain skin areas in response to these maneuvres
(19, 20).

Vasoconstriction is readily elicited in hand ves-
sels after a gasp (20). There is no definite evidence
of the location of the receptors responsible for this
reaction mediated by sympathetic nerves but it has
been shown that activity is increased in skin sym-
pathetic nerves (but not in muscle nerves) (20).

In the fingertips, arteriovenous anastomoses and
arterioles are regulated by the sympathetic nervous
system (7. 19). During warm conditions as much as
80 per cent of blood flow in fingers may pass
through arteriovenous anastomoses.

The present investigations were conducted in an
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Fig. 1. Finger blood flow (expressed in units of volts)
before and aftcr immersion of the contralateral hand in
ice-water. Mean fingertip “blood flow™ is lower in the
patients both before and after the stimulus. but the relative
reduction is equal.

effort to elucidate the function of the sympathetic
nervous system and digital blood flow in gener-
alized scleroderma.

MATERIALS AND METHODS

Experimental conditions

Healthy subjects ranging in age from 32 to 60 were
studied, none of whom was taking any medication. Ac-
roscleroderma patients aged 26 to 70 years. all suffering
from Raynaud's phenomenon. were studied. The subjects
were investigated sitting in a comfortable position. A sing-
le investigation lasted 30 minutes or less. Flow measure-
ments were performed on the pulp of the second or third
left finger unless stated otherwise in the following descrip-
tion. Room temperature was kept constant at 24°C. Skin
temperature was measured regularly and was with few
exceptions lower in the patients.

Flow measurement system

Skin blood flow was measured using the laser-Doppler
flowmeter previously described (6, 10, 18). The signal is
displayed in units of volts and is proportional to flow
velocity. Root mean square voltage output was displayed
continuously on a panel meter and on a pen recorder.
Calibration was performed by placing the laser probe
against a white reflecting surface and adjusting the pen
recorder to zero. Reproducibility of the zero endpoint was
frequently checked by performing vascular occlusion of
the arm (6). The laser headpiece was fastened to the skin
with double-sided adhesive tape. a sct-up which permitted
immersion in water if so desired.

Experimental protocol

1. Direct and indirect cooling. In 10 patients and 9 normal
subjects the contralateral hand was immersed in ice-water
for 10 seconds. the response was recorded. whereafter the
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Fig. 2. Blood flow expressed in units of volts as well as in
relative terms after a direct cooling stimutus. In the pa-
tients. blood flow is reduced to very low levels. and the
rewarming period is prolonged.

ipsilateral hand was immersed for 10 seconds and the
response was again recorded.

2a. In S normals and § patients, blood flow reactions to
adeep inspiration and the Valsalva maneuvre were inves-
tigated and in normals results from fingertips were com-
pared with the reactions to similar maneuvres when the
dorsal site of the finger and the distal part of the arm was
investigated. The reactions were also investigated in
a cooled finger (immersed in water at 20°C).

2b. One person with slight primary Raynaud's phe-
nomenon was investigated as in 2a.

2¢. Control experiments. in one normal person local
anesthesia was induced at the base of the finger and reac-
tions to a deep inspiration. the Valsalva maneuvre and to
venous stasis of 40 mmHg was investigated on the pulp
and on the dorsum of the finger.
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Fig. 3. Registration of blood flow curves from arm and
fingertip. Note the difference in units of volts.
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Fig. 4. Relative blood flow during various mancuvres in
one normal person.

RESULTS

Arbitrary blood flow values in fingertips in gen-
eralized scleroderma were low as compared with
that in normals (Fig. 1). Mean value in normals
were 3.5 (V) £0.4 SEM (N=9) and in the patients of
0.97 (V) £0.1 SEM (N=10), a difference which was
highly significant (<0.001). The reaction to indi-
rect cooling had to be expressed in relative terms.
No difference could be demonstrated. although the
reduction in the patients was much smaller than in
normals.

Direct cooling of the hand and fingers provided
the same relative reduction in normals and pa-
tients, which meant that blood flow in the patients
was decreased to levels lower than in normals
0.15 (V) 0.1 SEM vis-a-vis 0.60 (V) +0.2 SEM
(p<<0.001)). The period until blood flow tended to
increase was prolonged in the patients (Fig. 2) and
was 5.4 min +1.0 SEM vis-a-vis a value of 2.9 min
+1.1 SEM in normals (p<0.001). After 5 min of
rewarming, the blood flow had increased to 85% in
normals and 33% in the patients (Fig. 2).

In 2 patients with primary Raynaud's phenome-
non and persistently cold hands, the rewarming
period after direct cooling was very prolonged as
compared with results in normals. During an obser-
vation period of 20 min, no tendency to return to
previous blood flow levels was observed. After
indirect cooling in these patients, relative blood
flow was reduced to 20%. This response was more
pronounced than in normals (46%) as well as in
scleroderma patients (57%) (cf. Fig. 2).

In the sympathectomized patient, the reaction to
indirect cooling was almost non-existent. The re-

sponse to direct cooling was very pronounced as in
non-sympathectomized patients with primary or
secondary Raynaud's phenomenon and the rewarm-
ing period was prolonged as compared with nor-
mals, as only 14% of resting blood flow was re-
gained after 5 min.

From Figs. 3 and 4 it appears that the reaction to
venous stasis of 40 mmHg, the Valsalva maneuvre
and a deep inspiration is almost equal in arm
cutaneous tissue, while in the pulp the reactions to
the Valsalva maneuvre and to venous stasis are
revealed only when the finger is cooled.

From Fig. 3 it is apparent that in arm cutaneous
tissue the reaction to the various maneuvres is very
pronounced, while in the pulp the Valsalva man-
euvres elicit only a brief reaction, as does a deep
breath, whereas venous stasis of 40 mmHg is with-
out effect.

2u,2b, and 2c. From Table I it can be seen that
the Valsalva maneuvre caused no blood flow re-
duction in normal fingertips, whereas it caused a
significant reduction in a cooled finger, dorsally on
the finger. in arm cutaneous tissue. in scleroder-
ma patients and also in a patient with primary
Raynaud's phenomenon. The reaction to a deep
breath was present except in an anesthetized finger.
In scleroderma patients, who were severely af-
fected by the disease process, the response was
decreased. In moderate scleroderma and in a pa-
tient with primary Raynaud’s phenomenon & normal
reaction to a deep breath could be observed.

DISCUSSION

In contrast to isotope washout techniques the pres-
ent technique for blood flow measurement can be
applied for continuous measurement during various

Table I. Relative blood flow during maneuvres,
based on five experiments or more

Deep
Valsalva breath

Pulp normal (N=35) 0.97+0.02 0.43+0.06
Pulp cooled (N=1) 0.77£0.06 0.34+0.06
Pulp anesthetized (N=1) 0.93+0.02  0.99+0.03
Dorsal finger (N=1) 0.47+0.10 0.49+0.02
Dorsal finger

anesthetized (N=1) 0.95+0.02 0.99+0.03
Arm (N=2) 0.37+0.05 0.35+0.13
Scleroderma (N =95) 0.43£0.06 0.8710.04
Scleroderma moderate (N=1) 0.36+0.0i  0.40%+0.02
Primary Raynaud (N=1) 0.70+0.03  0.38+0.02
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maneuvres. A further advantage is that it can be
applied to all areas of the skin. It has been substan-
tiated that an expression of total skin blood tlow
(i.e. nutritional and non-nutritional) is measured,
which is in contrast to the extensively used '**Xe-
non washout technique (6). The capillary circula-
tion may be regulated differently from the rest of
the skin circulation, whose main purpose is body
temperature regulation (7). Since the capillary flow
is only a small part of the whole, this explains why
assessment of this parameter hardly distinguishes
between normals and scleroderma patients with re-
gard to amount of blood flow in all areas investi-
gated, except the fingertips (13). Estimation of total
fingertip blood flow by plethysmography has failed
to identify hypersensitive, cold-induced microvas-
cular reflexes in patients with Raynaud’s phenome-
non (3). This is consistent with the present observa-
tions showing the same relative reduction in finger
blood flow during indirect cooling. The main differ-
ence between normals and patients seems not to be
a more irritable sympathetic nervous system. but
rather a near-normal or subnormal activity in the
sympathetic nerves superimposed on an aitercd
vascular bed (15). The striking difference in re-
sponse to direct cooling probably reflects the lo-
cal fault in the blood vessels in patients with gen-
eralized scleroderma (9, 11, 12, 14). but in the pa-
tients with primary Raynaud’s phenomenon the
abnormai reaction observed might well be due part-
ly to an altered response of the sympathetic ner-
vous system, as indirect cooling was an effective
stimulus. Symphathectomy in a patient with sec-
ondary Raynaud's phenomenon did not alleviate an
abnormal response to direct cooling. although the
response to indirect cooling was absent, a finding
which again underlines the importance ot the local
fault in the blood vessels (12).

The theory of defective function of the arte-
riovenous anastomosis in patients with Raynaud's
phenomenon was further evaluated. as the finding
of severely decreased resting blood flow and the
very slow rewarming after direct cooling suggest
such a defect.

In normal fingertips of warm-handed individuals
a reaction 1o a deep breath was scen, whereas no
reaction to the Valsalva maneuvre or to venous
stasis occurred. In an anesthetized fingertip, the
reaction to a deep breath was absent (showing its
nervous origin), while a fingertip cooled to about
20°C did react to both the Valsalva maneuvre and to
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a deep breath. These findings might be interpreted
as evidence of a dual innervation or a dual circula-
tion in fingertips. Only the capillary circulation
seems to participate in baroretlex-mediated regula-
tion, while both capillary and shunt flow seem to
reacl to a deep breath. In skin areas devoid of
arteriovenous anastomoses (the dorsum of the
finger and arm cutaneous tissue), both the Valsalva
and the deep breath reaction were present. Pulp
blood flow in moderate scleroderma and in primary
Raynaud’s phenomenon reacted like skin devoid of
shunts, while in late scleroderma the pulp still
reacted to the Valsalva maneuvre though the re-
sponse to a deep breath was diminished. These find-
ings suggest that in primary Raynaud's phenome-
non and moderate scleroderma the shunts are
closed at normal ambient temperatures. whereas in
late scleroderma the shunts are closed or may have
disappeared.

These investigations need to be extended as
it seems that a classification of patients with
Raynaud's phenomenon might be possible on the
basis of these fairly simple function studies provid-
ing a more logical approach in future therapeutic
trials (17). In this connection it might be suggested
to combine these measurements with strain-gauge
plethysmography (9. 16).

The optimal set-up might be registration of sym-
pathetic nervous activity by microneurography and
simultaneous recording of effector organ response
(blood flow and pressure) during various provoca-
tion tests (20).
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