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Abstract

Objectives: To assess laser Doppler-recorded postocclusive reactive hyperemic responses in vibration-induced Raynaud’s
phenomenon and compare it with primary and secondary to sclerodermy Raynaud’s phenomenon. Material and Methods:
Thirty patients with vibration-induced Raynaud’s phenomenon and 30 healthy controls and patients with primary and
secondary to sclerodermy Raynaud’s phenomenon were investigated. Fingerpulp skin blood flow was monitored by laser
Doppler flowmetry during postocclusive reactive hyperemia test. Results: Lower initial perfusion values were established
in all the patients with Raynaud’s phenomenon compared to the healthy controls (p < 0.0001). The postocclusive reactive
hyperemic peak was lower in all the Raynaud’s phenomenon groups compared to the controls (p < 0.0001). The postoc-
clusive and basal perfusions were lower in the secondary Raynaud’s phenomenon groups compared to the control and
the primary Raynaud’s phenomenon groups (p < 0.0001). The velocities to postocclusive hyperemic peak were lower in
all the Raynaud’s phenomenon patients (p < 0.0001), so were in the vibration-induced (p < 0.002) and the sclerodermy
Raynaud’s phenomenon (p < 0.004) groups in relation to the primary Raynaud’s phenomenon group. The perfusion values
and the velocities were significantly influenced by the initial superficial skin temperatures and perfusions, while the veloci-
ties were dependent also on gender, and the hyperemic peak on age. Conclusions: Postocclusive reactive hyperemia is ab-
normal in all Raynaud’s phenomenon patients. Laser Doppler-recorded reactive hyperemia test contributes to diagnosing
Raynaud’s phenomenon and has proved to be valuable for group analysis. The applied method is not sensitive enough to
discriminate adequately the type of Raynaud’s phenomenon among individual cases.
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INTRODUCTION

Chronic exposure to hand-transmitted vibration at
work causes microvascular disorders of the hands with
paroxysms of Raynaud’s phenomenon (RP) charac-
terized by intermittent digital blanching of the fingers
followed by cyanosis and/or erythema. Raynaud’s phe-
nomenon is the main clinical manifestation of hand-arm

vibration syndrome (HAVS) and is usually accompanied
by peripheral nervous and/or musculoskeletal symptoms
in the hands and arms.

Contradictory attitudes about the mechanisms of the vi-
bration-induced RP (VRP) exist since its first description
at the beginning of the 20th century. Nowadays, multi-
factorial pathophysiological mechanisms are supposed
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with interrelations between functional and structural
abnormalities of the blood vessel wall and the endothe-
lium, disorders of the neural control of the vascular tone
and the impairment of blood flow and/or endothelial
injury [1,2].

Skin blood flow is regulated by neural and local control
mechanisms. Sympathetic vasoconstrictor fibers have
tonic vasoconstrictor influence on skin vessels, especially
in the volar parts of the hands and fingers with abundant
arterio-venular anastomoses. The local control mecha-
nisms, independent of nerve and hormone control, in-
clude vasodilators, such as decreased oxygen partial
pressure, hydrogen ion, locally released metabolites,
such as adenosin, and increased concentrations of potas-
sium with more pronounced effect in short-term hypoxia.
More important as a local regulator of vascular tone are
the vascular enodothelium producing vasodilators, such
as nitric oxide (NO), prostacyclin and endothelium-de-
rived hyperpolarizing factors and vasoconstrictors, such
as endothelin, platelet activating factors [3,4]. Endotheli-
al damage and dysregulation of vascular tone contribute
to vibration-induced RP [5,6].

Postocclusion reactive hyperemia is the sudden increase
in blood flow after release of a transient occlusion of
the proximal artery and is used as integrated test to study
microvascular function [7]. Its mechanisms are not well
known. It is supposed to be mediated by a local reflex in-
cluding sensory nerves, a myogenic response and some
metabolic and endothelial vasodilators, probably endothe-
lial-derived hyperpolarizing factors, such as large-conduc-
tance calcium activated potassium channels (BKCa) [8,9]
since reactive hyperemic response is not dependent on
nitric oxide pathway [10,11] or on cyclooxygenase-derived
prostanoids [8].

Laser Doppler flowmetry (LDF) is the gold standard to
evaluate skin microcirculation and its reactivity to various
stimuli [12]. Laser Doppler-recorded postocclusive reac-
tive hyperemia test in VRP patients has not been reported.
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Objective

The study aimed to assess laser Doppler-recorded post-
occlusive reactive hyperemic (PORH) responses in vibra-
tion-induced RP and compare them with the primary and
the secondary to sclerodermy RP.

MATERIAL AND METHODS

Patients

A hundred and twenty subjects were included in the study
after informed consent: 1st group — 30 healthy controls, 2nd
group — 30 primary RP patients (pRP), 3rd group - 30 pa-
tients with systemic sclerosis-related secondary RP (scIRP),
and 4th group - 30 vibration-induced secondary RP pa-
tients (VRP). Skin blood flow was measured by laser Dop-
pler flowmetry (LDF) at a finger pulp with most frequently
declared ischemic attacks. The fingerpulps have abundant
arteriovenous anastomoses richly sympathetically inner-
vated. Raynaud’s phenomenon affects predominantly these
specialized in thermoregulation areas of the skin [13]. The
study was performed after ethics committee approval.
Vibration-induced secondary RP was diagnosed in work-
ers exposed to hand-arm vibration with manifestations
of RP, musculoskeletal and/or peripheral nervous signs and
symptoms in the upper limbs, negative serologic investiga-
tions, and no visceral pathology. Primary RP patients were
diagnosed by a manifestation of RP, negative serologic in-
vestigations, normal capillaroscopy, no visceral pathology.
Patients with RP secondary to systemic sclerosis fulfilled
the following criteria: sclerosis of the skin, RP, scleroderma-
like pattern of capillaroscopy, and positive autoantibodies.
The patients and controls had no co-morbidities like diabe-
tes mellitus, neuropathy, polyneuropathy. Non-steroid anti-
inflammatory drugs were administered in some of the pa-
tients, but no vasoactive drugs were used prior to the study.

Measurement of skin blood flow
The perfusion was measured in arbitrary perfusion
units (PU) with a single-point laser Doppler system
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PeriFlux 4001 Master and PeriTemp4005 Heater with
a single-point angled small thermostatic laser Doppler
probe 457(357) for local heat provocation (PERIMED,
Stockholm, Sweden). Periflux filters 32 kHz and a time
constant of 0.2 s were used in all the measurements.
The probes were calibrated before starting the investiga-
tion using a suspension of latex particles (PF 100 Motil-
ity Standard), as recommended by the manufacturer.
The probe holders were attached to the skin with a double
adhesive tape.

Study protocol

The investigations were preceded by a 20-min rest in
a supine position for adaptation to the laboratory condi-
tions with a temperature of the air 22+2°C. Physical and
mental stimulations were reduced to a minimum to avoid
sympathetic activation, which might affect skin blood flow.
The investigations were performed in the morning after
light breakfast and at a normal arterial blood pressure for
reducing the influence of metabolic and hemodynamic
mechanisms on the hyperemic responses.

The resting fingerpulp skin perfusions and the superficial
skin temperatures were monitored as initial values (initial
fingerpulp skin perfusion (PUi), initial superficial temper-
ature (Ti)) for S min. Afterwards, the thermostatically con-
trolled probe holder was maintained throughout the mea-
surements at a temperature of 32°C in order to minimize
the thermally induced variability of the acral cutaneous
circulation [14] and the PORH response, dependent on
the basal skin perfusion (PUb) [15]. The patients’ PUb
was registered for 5 min. Then the digital arterial occlu-
sion was done by inflation of a blood pressure cuff over
the proximal phalanx of the finger for 3 min to suprasysto-
lic pressure values to measure the biological zero (PUbz)
(i.e., the perfusion during the ischemic occlusive block).
Afterwards the cuff was deflated and the PORH perfusion
and PORH peak (PUrh) was measured for 5 min. The time
to peak blood flow (t) was registered automatically.

Parameters analyzed

The following parameters were analyzed: initial fingerpulp
skin perfusion (PUi) and initial superficial temperature
(Ti), basal perfusion (PUb) measured at 32°C skin tem-
perature, biological zero (PUbz) and PORH peak (PUrh)
defined as the highest blood flow value after release of
the pressure cuff, time to peak (t). Microvascular vaso-
dilator response indices, improving the reproducibility
of the method [16] were calculated: delta reactive hyper-
emia (ARH) as PUrh-PUb; percent change of reactive
hyperemia (% RH) as (ARH/PUb)x100; the veloc-
ity of PORH microvascular response (Vrh) calculated
through dividing of delta reactive hyperemia by the time
to peak blood flow (ARH/t).

Statistical analysis

The mean values + standard deviations were calculated.
Comparisons of variables within groups across all phases
of the protocol were done by Wilcoxon matched pairs
signed rank test and between groups by Bonferroni’s mul-
tiple comparison test for unpaired data using SPSS soft-
ware package. Differences were considered significant
when p < 0.05. General linear model (univariate ANO-
VA) was performed to analyze perfusion values and indi-
ces between groups, controlled by age, gender and initial
superficial skin temperature.

RESULTS

Subjects

The vRP study population consisted of 30 patients oc-
cupationally exposed to hand-arm vibration generated
by hand-held vibrating tools: 22 miners working most of
the time with hammer drills and 8 lumberjacks using regu-
larly chainsaws, with 12.3+5.4 years of service. According
to the Stockholm Workshop scale criteria, 21 of the hands
were classified at 2nd stage (the moderate grade with
occasional attacks of the distal and middle phalanges of
one or more fingers) and 9 were at 3rd stage (the severe

[JOMEH 2016;29(4)

661



662

ORIGINAL PAPER 7. STOYNEVA

Table 1. Study groups by age, gender, and initial fingerpulp skin temperature

Respondents Age Initial skin temperature
Group [n] [years] [°C]
males females (MSD) (M£SD)
Controls 16 14 44193 32.0£33
pRP 2 28 38482 24.5£4.9%xxx
scIRP 14 16 51.3%13.1 25.8£4.2% %%
vRP 30 0 48.2%8.2 24.0£4.2%%%*

pRP - primary Raynaud’s phenomenon; scIRP - systemic sclerosis Raynaud’s phenomenon; VRP - vibration-induced Raynaud’s phenomenon.

M - mean; SD - standard deviation.

*p < 0.05 ** p < 0.01; *** p < 0.002; **** p < 0.0001 (compared to the control group).

grade with frequent attacks affecting all phalanges of most
fingers) [17].

There were no statistical differences in age between
the RP groups and the healthy controls, but the pRP pa-
tients were younger than the vRP (p < 0.001) and the scIRP
(p < 0.0001) patients (Table 1). The vRP group comprised
only men and the pRP group included mainly females.

Initial values

The Ti of the RP patients were significantly lower com-
pared to the controls (p < 0.0001) (Table 2). So were
the PUi values in both primary and secondary RP groups
in relation to the group of healthy subjects (p < 0.0001)
(Table 3). The Ti and the PUi were not significantly dif-
ferent between the RP groups. A considerable overlap of
the skin temperatures and the flux values in the individual

cases between the groups was established, especially be-
tween the controls and the primary RP patients.

Perfusions during the postocclusive reactive hyperemia test
The PUD values were lowest in the scIRP, followed by
the pRP and finally by the VRP patients; they did not
differ significantly between the RP groups (Figure 1).
The mean PUDb in the vRP group was not statistically dif-
ferent from the other RP groups (p > 0.05). The PUb
in scIRP (p < 0.002) and pRP (p < 0.01) were significantly
lower than in the controls. The PUbz values were not sig-
nificantly different between the investigated groups. The
average PUrh was significantly lower in all RP groups
compared to controls (p < 0.0001). The lowest PUrh
was in the scIRP patients, which was lower compared to
the pRP patients, too (p < 0.001). The PUrh between

Table 2. Fingerpulp perfusions during postocclusive reactive hyperemia test in study groups

Perfusion
i
initial basal at 32°C biological zero postocclusive peak
Controls 141.1+44.2 99.3+44.7 2.77x0.7 220.0£58.7
pRP 53.2£66.27%** 54.8+55.9%* 2.50%09 150.6£62.3%***
scIRP 20.0£31. 1% 51.2£49 5%+ 242+0.7 86.2£82.2%%**
vRP 46.6£42.2%%** 81.0£52.5 2.50%0.9 125.3+44.5%%**

PU - perfusion unit. Other abbreviations as in Table 1.

*p < 0.05 ** p < 0.01; *** p < 0.002; **** p < 0.0001 (compared to the control group).

[JOMEH 2016;29(4)
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Table 3. The reactive hyperemia response indices

Index
(M=SD)
Group
ARH (PUrh-PUb) % RH (ARH/PUb) Vrh (ARH/s)

[PU] (%] [PUs]
Controls 120.7£43.0 186.2+204.0 9.0£3.6
pRP 95.8+46.7 280.6+£192.3 5.7£3.8%%%*
scIRP 35.0£56.8%%%* 307.5+783.0 2.9£2 Trkwx
vRP 44.4 £33 155 128.8+179.1 2.8+2.0%%%*

ARH - the difference between PUrh and PUb; PUrh - reactive hyperemia perfusion; PUb — basal perfusion at 32°C superficial skin temperature;
% RH - the percent change of postocclusive perfusion in relation to the basal perfusion; Vrh —velocity of postocclusive perfusion increase to the peak value.

Other abbreviations as in Table 1 and 2.

*p <0.05; % p < 0.0L; ** p < 0.001; **** p < 0.0001 (Bonferroni’s multiple comparison test for unpaired data in relation to the controls).

the VRP and the pRP and scIRP groups were not signifi-
cantly different.

There were significant differences between PUb and PUrh
within each investigated group.

Reactive hyperemia vasodilator response indices

The ARH in the secondary vRP and scIRP groups were low-
er than in the control and pRP groups (p < 0.0001). There
were no significant differences in ARH between the vRP
and the scIRP groups and between pRP and the controls.

300
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Group

PUbz - biological zero. Other abbreviations as in Table 1 and 3.
*p < 0.05 ** p < 0.001; *** p < 0.0001 (within group comparison by
Wilcoxon matched pairs signed-rank test).

Fig. 1. Postocclusion reactive hyperemia response

The % RH was not significantly different between the in-
vestigated groups, though in the vRP patients the values
were the lowest.

The Vrhwaslowerinall the RP groups (p < 0.0001). The Vrh
in the VRP (p < 0.002) and scIRP (p < 0.004) groups
was lower than in the pRP group. The Vrh between vRP
and scIRP were not significantly different.

General Linear Model

The F statistics by general linear model analysis showed
significant differences in the PUi, PUb and PUrh perfu-
sions, ARH and Vrh indices across the groups (Table 4).
The perfusion values and the Vrh were significantly asso-
ciated with the Ti of the fingers. The PUi and PUb per-
fusions and the Vrh were dependent on gender as well.
The PUrh were influenced also by the age. The ARH in-
dex was the only parameter not influenced by age, initial
temperature or gender.

DISCUSSION

The study investigated laser Doppler-recorded PORH re-
sponses in VRP patients, comparing them with pRP, scIRP
and healthy subjects. The initial superficial skin tempera-
tures and the perfusion values of the fingers in primary and
secondary RP groups were significantly lower compared

[JOMEH 2016;29(4)
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Table 4. F statistics data by general linear model (ANOVA)

Statistics
Perfusions and indices [F (p)]
PUi PUb PUrh ARH % RH Vrh
Group 16.43 (0.0001)  5.20 (0.0020) 11.60 (0.0001) 12.61(0.0001) 1.83 (0.1450)  9.62 (0.0001)
Initial superficial skin temperature  60.17 (0.0001) 27.12 (0.0001) 10.08 (0.0020)  0.42 (0.5200)  2.27 (0.1340) 13.99 (0.0001)
Age 1.81(0.1810) 220 (0.1410)  4.63(0.0340)  1.98 (0.1620)  0.53 (0.4740)  1.87 (0.1740)
Gender 28.91 (0.0001) 15.61(0.0001)  2.59 (0.1100) 2.27 (0.1340)  0.15 (0.6960)  7.72 (0.0060)

PUi - initial perfusion. Other abbreviations as in Table 3.

to the control group. The data are consistent with those
obtained by some authors [18,19] but do not confirm oth-
ers, who did not find differences in fingertip blood flow be-
tween control subjects and patients with RP [20]. The bas-
al perfusion values at the thermoneutral 32°C skin tem-
perature were significantly lower in scIRP and pRP groups
but not in vRP group.

A considerable interindividual scattering of the initial
resting fingerpulp perfusions with an overlap between
the healthy controls and the primary RP patients and be-
tween the primary and the secondary RP patients was es-
tablished, which makes the evaluation of the individual cas-
es difficult and confirms the results of many investigators.
The PORH peak was significantly lower in all RP patients,
the lowest being in the scIRP patients. Though regular
physical activity modifies the reactivity of vascular smooth
muscle cells and enhances endothelium-dependent vaso-
dilatation [21], the PORH responses in VRP, working with
heavy loads and physical overstrain, were similar to pRP
and scIRP. Our data are consistent with the results of other
investigators concerning the reduced postocclusive hyper-
emic responses in scIRP [22-27] but not in pRP [28]. No
data are accessible about the noninvasive laser Doppler-
recorded fingerpulp skin microvascular reactivity to tem-
porary occlusion in VRP.

The major mediators of PORH are the sensory nerves
through a local axon reflex [7,8], the endothelium-derived
hyperpolarizing factors (EDHFs) [27] and the recently

[JOMEH 2016;29(4)

described epoxyeicosatrienoic acids with vasodilator ef-
fect [28]. Therefore, some of these pathways or not well
defined interactions between the different mechanisms
were abnormal in RP patients but not necessarily in
the same way in primary and secondary RP.

The study has some limitations regarding the number of
investigated patients, their sex and age, which depend on
the diseases’ epidemiology. Other limitations are method-
ology-related, i.e., the semi-quantitative assessment of
skin blood flow in arbitrary PU, the inter-individual,
spatial and temporal flux variability. Though the single-
point LDF is reproducible to assess PORH on the finger
pad [29,30], the analyzed parameters are not standard-
ized [9,31]. Otherwise, the method of investigation is
noninvasive, easy to apply, determines the dynamic perfu-
sion changes independent of the underlying muscle blood
flow [32]. Further investigations are needed.

CONCLUSIONS

The postocclusive reactive hyperemia is abnormal
in VRP, scIRP and in pRP. Laser Doppler-recorded re-
active hyperemia test contributes to the diagnosis of RP.
The vasodilator indices, reflecting the postocclusion per-
fusion increase, differentiated best between primary and
secondary types of RP. The applied method is not sensi-
tive enough to discriminate adequately the type of RP
among individual cases, but has proved valuable for group
analysis. Laser Doppler flowmetry coupled with reactive
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hyperemia test is a valuable noninvasive tool for real-time
assessment of the skin microcirculation and the integra-
tive vasomotor reactivity.
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