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Background: The combination of laser Doppler flowmetry and
non-invasive blood pressure monitoring allows the continuous
observation of cutaneous vascular resistance (CVR). Continuous
recording of unmodulated skin blood flow (SBF) is very sensi-
tive to artefacts, rendering the method unreliable. In contrast,
intermittent short lasting challenges of the CVR by cardiovascu-
lar autonomic reflexes may provide information about the re-
sponsiveness of the sympathetic nervous system in the skin.
Methods: Eleven patients with below-wrist hand surgery (six
males and five females; aged 35.2∫7.1years) performed Valsalva
maneuver following axillary blockade. Skin blood flow was con-
tinuously monitored on the forearm of the side axillary block-
ade, as well as on the contra-lateral forearm, which was used as
the control. The responses were expressed as changes compared
with the baseline level derived from a resting period of 30s. The
maximal change in CVR was determined during the late strain
phase of the Valsalva maneuver on both sides. For numerical
comparison the change in CVR on the axillary blockade and
control sides were simultaneously calculated.
Results: During the Valsalva maneuver a significant increase in

THE COMBINATION of laser Doppler skin blood
flowmetry and finger blood pressure monitoring

allows non-invasive assessment of the local vaso-
motor regulation (1–3). Further, by using this method
active and passive changes in local blood perfusion
can reliably be distinguished (3). Skin disorders such
as painful peripheral nerve injuries (reflex sym-
pathetic dystrophy), ischemia resulting from athero-
sclerosis, and connective tissue disorders cause alter-
ed regulation of the microcirculation of the skin (4–9).
Sympathetic blockade can play an important role in
the treatment of many of these medical conditions,
and may be advantageous after skin transplantation
(10–15). However, accurate monitoring of the efficacy
of sympathetic blockade is not yet fully developed.
We undertook the present study to develop a novel
method to monitor the effectiveness of sympathetic
blockade. Our proposed method is based on the as-
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CVR was observed on the control side with a maximum value
during the late strain phase (baseline 0.18∫0.1 and late strain
phase 0.42∫0.2 relative units; P�0.01). In contrast, only minimal
changes were detected on the side of axillary blockade in CVR
(baseline 0.17∫0.8 and late strain 0.16∫0.2 relative units; PΩNS).
Conclusions: Our findings support the disputed hypothesis that
the human skin microvasculature is involved in baroreflex regu-
lation under thermoneutral conditions. The determination of ba-
roreflex stimulus-induced microvascular responses may serve as
a feasible method for monitoring the effectiveness of sym-
pathetic blockade.
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sessment of a baroreflex stimulus-induced skin micro-
circulatory response.

Methods

Study population
The study group consisted of 11 patients (six females,
age ranging from 19 to 52years) who underwent be-
low wrist hand surgery. Their mean height was
169.1∫14.2cm and the mean weight was 78.2∫11.4kg.
Only patients with no history of cardiovascular dis-
ease, showing no abnormalities when physically
examined, and a normal 12-lead ECG were selected
for this study. Patients with any other medical con-
dition likely to affect baroreceptor regulation were ex-
cluded. All patients were ASA I, and none had taken
any medication. All investigations were performed in
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an ambient room temperature of 21–22æC. The sub-
jects were informed about the risks and benefits of
this institutionally approved study before providing
their written consent. Blood pressure (BP), heart rate
(HR), skin blood flow (SBF), skin temperature (SkT),
respiratory frequency and respiratory depth were
continuously monitored.

Study protocol
As a routine analgesic procedure for below-wrist
hand surgery, axillary brachial plexus block was per-
formed by inserting a 22-G, 5-cm needle and injecting
30ml lidocain (1%) and 30ml bupivacain (0.25%). To
locate the plexus a nerve stimulator was used (Stimu-
plex, Braun, Germany). The position of the needle was
judged adequate when an output lower than 0.5mA
still elicited a slight distal motor response. Sension
block and motor block of musculocutaneous, radial,
ulnar and median nerve were recorded in every 5min.
Sensory onset of each nerve was assessed by pinprick.
Motor block was evaluated with thumb abduction,
thumb opposition and elbow flexion. If a surgical
level of anesthesia was not reached the patient was
not included into the laser Doppler measurements.
Local infiltration of the operation area was not necess-
ary in any of the patients during the surgical pro-
cedure.

For skin microvascular response evaluation, the
subjects were studied in a supine rest position. The
subjects were instrumented for the measurement of
HR, finger BP, SkT and SBF. For our recordings, the
study was not started until the stable baseline of BP,
HR and SBF signals for each subject had been ob-
tained. After instrumentation and 5-min baseline data
collection patients were requested to perform a Valsal-
va maneuver.

Measurement of skin blood flow
Relative blood cell perfusion was measured with a
double-channel skin perfusion monitor (Periflux 4001,
Perimed, Stockholm, Sweden). This method uses the
frequency shift of laser light (2-mW helium-neon laser
source of 632.8-nm wavelength) induced by reflection
on moving red blood cells to measure red blood cell
flux. Skin laser Doppler flow values cannot be ex-
pressed in conventional physiological units unless
certain conditions are fulfilled. In vivo the readings are
therefore expressed in perfusion units related to the
Brownian motion in motility standard emulsion pro-
vided by the manufacturer. At standard temperature
the emulsion produces a motility of 250 perfusion
units. This corresponds with 2.5V analog perfusion
output. The measurement field of the laser Doppler
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skin probe is restricted to a 1-mm (3) area of the skin
microvasculature.

The laser Doppler probes and probe holders were
attached to the ventral side of the treated forearm and
the control site was at a corresponding area on the
untreated arm. The SkT probe was placed close to the
laser Doppler probe holders, on both sites.

Continuous blood pressure and ECG monitoring
The BP was measured continuously with a non-invas-
ive BP monitor developed by Wesseling and co-
workers (Finapres 2300, Ohmeda). The measurement
is based on the Penaz principle. The ECG was con-
tinuously monitored (Sirecust 730, Siemens). The
same device provides an impedance signal to monitor
the depth and frequency of respiration. The R wave
of the ECG and the plethysmographic signals were
fed through an amplifier, filter and analog-digital con-
verter into an IBM-AT compatible computer. Data
were stored and analyzed off-line by a program de-
veloped in our laboratory written in Microsoft C/
Cππ7.0. The computer measured the interval be-
tween successive R waves with a precision of 2ms.
The accuracy of BP signal detection was 40 microvolts
and 1mmHg. The cardiotachogram and trend grams
of the BP and SBF values were continuously recorded,
and analyzed off-line.

Valsalva maneuver
Each subject was asked to maintain a column of mer-
cury at 40–50mmHg for 15s with forced expiration,
and then to resume normal expiration. A small air
leakage was allowed to prevent closure of the glottis.
During the test three characteristic points were se-
lected (V1, V2, V3) for further assessment. V1 is the
early strain, V2 is the late strain and V3 indicates the
overshoot phase of the Valsalva maneuver (Fig.1).

Calculation of the cutaneous vascular resistance
Calculation of the cutaneous vascular resistance
(CVR) was determined as the ratio of mean arterial
pressure (MAP) and skin blood flow (SBF). The per-
centage change in cutaneous vascular resistance
(dCVR) was expressed as follows:

dCVRΩ (CVRxªCVRbase)/CVRbase(1), where¿
denotes the characteristic points (V1, V2, V3) of the
test.

Statistical analysis
Continuous variables are expressed as
mean∫standard deviation. Normally distributed data
were compared using the one-way repeated measure-
ment ANOVA (i.e. MAP, HR, SBF). To isolate which
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group differed from the others we used a multiple
comparison procedure. (Bonferroni t-test). Non-
gaussian data were analyzed using the Friedman re-
peated measurement ANOVA on ranks test (i.e. CVR).
Student’s t-test and Newman–Keuls method per-
formed all pair-wise multiple comparisons. The level
of significance was set at a P-value of 0.05.

Results

Reflexes were studied at constant ambient tempera-
ture. The range of SkT of the patients was very nar-
row, both of the treated and non-treated skin regions
(33.6∫0.9æC; 32.9∫0.7æC, respectively). No significant

Fig.1. Typical hemodynamic and skin microvascular responses to the
Valsalva maneuver, where V1, V2 and V3 indicate the characteristic
points selected for the measurements.
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fluctuations of SkT were detected during any of the
short-term reflex tests.

Comparison of the baseline skin blood flow and
cutaneous vascular resistance
There was no significant difference in SBF and CVR
values between the two sides before the axillary
blockade was performed (SBF: axillary blockade side
534∫195 a.u., control side: 559∫215 a.u., PΩNS; CVR:
axillary side 0.16∫0.8, control side 0.17∫0.2 a.u., PΩ
NS) After the axillary blockade became effective SBF
and CVR did not show significant change between the
treated and control regions (SBF: axillary blockade
side 636∫272 a.u., control side: 547∫197 a.u., PΩNS;
CVR: axillary side 0.16∫0.9, control side 0.17∫0.1
relative units, PΩNS). Skin blood flow on the side of
the axillary blockade showed a tendency to increase,
but CVR did not change after axillary blockade.

Valsalva maneuver-induced responses at the control area
(Table 1)
The typical HR, BP and SBF responses to Valsalva
maneuver are shown in Figure 1. Skin blood flow fol-
lowed a pattern of four phases corresponding to the
four blood pressure phases of the Valsalva maneuver.
The initial phase of the Valsalva maneuver (V1 point)
was accompanied by a significant increase in MAP,
however, the calculated regional peripheral resistance
(CVR) remained unchanged. Towards the end of the
strain phase (V2 point) there was a drop in MAP be-
low baseline. At this point a marked decrease in SBF
was also observed. The calculated CVR showed sig-
nificant elevation. On release of the Valsalva
maneuver (V3 point) significant BP and SBF values
were observed. There was no significant change in
CVR in this phase of the Valsalva maneuver.

Valsalva maneuver-induced skin vascular responses at the
side of the axillary blockade (Table 2)
Skin blood flow and the CVR remained unchanged
throughout the maneuver. Towards the end of the
strain phase (V2 point) there was a drop in MAP be-
low baseline. At this point there was no observable
change in SBF. Therefore, the calculated CVR did not
show significant change. In the overshoot phase (V3
point) SBF and CVR remained unchanged.

Discussion

The principal finding of our study is that sympathetic
blockade noticeably modifies the baroreflex stimulus-
induced skin microcirculatory responses. This sup-
ports the hypothesis that the human skin is involved
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in baroreflex regulation under thermoneutral con-
ditions. In addition, measurement of the differences in
cutaneous reflex responses after sympathetic blockade
between treated and normal regions seems to be a
feasible method for clinically evaluating the effective-
ness of sympathetic blockade.

Baroreflex regulation of the human skin
microcirculation
The importance of this subject stems from animal
studies, which demonstrated that vessels of the skin
could be targets for important powerful homeostatic
baroreceptor reflexes (16). On the other hand, in
humans the concept that arterial baroreceptors have
only a minor influence on limb vascular resistance
was developed (17,18). In contrast to these data, Ed-
feldt and colleagues have demonstrated in their
studies using lower body negative pressure that de-
activation of the arterial baroreceptors significantly
contributes to the regulation of forearm resistance,
which involves active participation of the skin micro-
vasculature (19–21). In a recent study, Bernardi and
colleagues reported that laser Doppler flowmetry
fluctuations were responsive to sinusoidal neck suc-
tion, indicating a response to sympathetic modu-
lation. Thus the changes in SBF reflect the modifi-
cations determined by autonomic activity (22). In our
present study the Valsalva maneuver was used to
stimulate the arterial baroreceptor system. Direct

Table1

Mean arterial pressure, skin blood flow and cutaneous vascular resistance at the three characteristic points of the Valsalva maneuver at the
control site.

Baseline V1 V2 V3

MAP (mmHg) 77.5∫8.3 104.7∫9.2* 65.4∫9.1* 122.2∫12.4*
SBF (a.u) 546.5∫272.2 655.1∫222.62 314.9∫154.2* 722.2∫195.2*
CVR (a.u) 0.18∫0.1 0.17∫0.1 0.42∫0.2* 0.17∫0.2

MAP, mean arterial pressure; SBF, skin blood flow; CVR, cutaneous vascular resistance; V1, V2, V3 are characteristic points of the Valsalva
maneuver (explanation in the text); a.u., arbitrary unit.
*P�0.05 vs. baseline.

Table2

Mean arterial pressure, skin blood flow and cutaneous vascular resistance at the three characteristic points of the Valsalva maneuver at the
site of the axillary blockade.

Baseline V1 V2 V3

MAP (mmHg) 77.5∫8.3 104.7∫9.2* 65.4∫9.1* 122.2∫12.4*
SBF (a.u) 511.5∫294.6 698.1∫322.62 415.9∫134.3 589.2∫199.9
CVR (a.u) 0.17∫0.8 0.15∫0.1 0.16∫0.2 0.17∫0.2

MAP, mean arterial pressure; SBF, skin blood flow; CVR, cutaneous vascular resistance; V1, V2, V3 are characteristic points of the Valsalva
maneuver (explanation in the text); a.u., arbitrary unit.
*P�0.05 vs. baseline.
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microneurographic methods proved that the second
phase of the Valsalva maneuver is accompanied by
increased sympathetic activation (5,23). We found that
the Valsalva maneuver induces a significant change in
CVR during the strain phase. This indicates that an
active mechanism is participating in this change. The
above findings lend support to previous reports sug-
gesting that sympathetic vasomotor fibers of the hu-
man skin microvasculature can exert a very potent
control of vascular resistance under thermoneutral
conditions. This control must partly ascribe to reflexes
originating from the low-pressure cardiopulmonary
receptors, however, indirect evidence suggests that
the high-pressure arterial receptor system also con-
tributes to a significant extent.

Clinical assessment of the skin microcirculation
and methodological problems
Although sympathetic blockade is widely used in clin-
ical practice, the reliable assessment of its efficacy has
not yet been developed. Previously the temperature of
the treated region was assessed by physical examina-
tion. In contrast with this daily routine, Sherman et al.
have demonstrated elegantly that the painful limb can
be cooler but sometimes warmer than the other limb
(6). Furthermore, the relative coolness is not pro-
portional to the pain intensity (6). There is also incon-
sistency between pain localization and the greatest
thermal asymmetry assessed by video thermography
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(6,7). Oberg and Nilsson reported a technique that uses
the frequency shift of the laser light (24–27). Laser
Doppler flowmetry is a feasible and non-invasive
method for measuring skin perfusion (25). Recently,
numerous papers have reported the feasibility of laser
Doppler flowmetry in measuring SBF after sym-
pathetic blockade (11–13,28,29). Increased SBF was re-
ported after sympathetic blockade using laser Doppler
flowmetry. Established physiological stimuli such as
the inspiratory gasp vasoconstrictive response or the
cold pressor test have been used to initiate skin vaso-
motor responses and thereby evaluate sympathetic ac-
tivity. Several investigators have previously suggested
that cutaneous vasoconstrictor reflexes may be useful
in the assessment of sympathetic blockade following
regional anesthesia (28–31). For similar purposes, a
novel system known as the laser Doppler perfusion im-
ager can be used (32). Although the absolute blood flow
increased after sympathectomy in these studies, this
method is accurate only for short-term monitoring be-
cause the laser Doppler method is very sensitive to ex-
ternal stimuli, such as thermal change (33). More im-
portantly, there are a large number of factors such as
signal processing, choice of bandwidth, motion
artefacts, and instrument calibration that can seriously
affect the interpretation of laser Doppler signals (33).
These factors are often not considered during routine
use. The detection and interpretation of the signal are
even more difficult in a routine clinical setting. The de-
creased adrenergic tone can be compensated by some
other factors, including the release of local vasocon-
strictor factors such as several forms of endothelins
(34,35). The cutaneous cholinergic vasodilator system
could also be deactivated by axillary blockade resulting
in a new set point in the sympatho-cholinergic balance
(4,35,36). To avoid the above-mentioned possible pit-
falls of measuring flow values we postulated that the
assessment of a reflex response may provide more
sophisticated monitoring. As the cutaneous microvas-
culature is involved in reflex regulation, we tested the
responsiveness of the adrenergic vasoconstrictor fibers
to baroreflex stimuli. Our study’s most unique obser-
vation is that responses to the baroreflex stimuli at the
side of the blockade and at the control side are basically
different.

In conclusion, the human skin microvasculature is
involved in baroreflex regulation under thermoneu-
tral conditions. The measurement of a baroreflex-in-
duced skin adrenergic response is feasible to monitor
the effectiveness of sympathetic blockade. In addition,
in this study, the measurement of blood flow was less
reliable for assessing sympathetic blockade than for
evaluating reflex responses.
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