
Sympathetic nervous system dysfunction is thought to be a factor in neuropathic pain 
conditions such as Complex Regional Pain Syndrome and in vascular conditions such as 
Raynaud’s phenomenon. Laser Doppler fluxmetry has been used as a fast non-invasive 
method to quantify changes in skin capillary blood flow which reflect activation of 
sympathetically mediated vasoconstriction of the arterioles that supply the capillaries. 

Studies of dynamic change of skin capillary blood flow with sympathetic activation such 
as cold or inspiratory gasp have generally used single point laser Doppler systems where 
the probe is in contact with the skin. The results are a single line tracing representing the 
capillary flow at a single point on the skin a few millimeters in diameter. 

Laser Doppler imaging (moorLDI laser Doppler imager, Moor Instruments Ltd.) allows for 
non-contact recording of skin blood flow of an area as large as 50 centimeters square 
with a resolution of 256 by 256 pixels and 4 milliseconds per pixel. Most work with laser 
Doppler imaging has studied changes that occur between successive scans. We have 
found it useful to look at changes that occur during a scan. In this way we obtain data 
that is comparable to the time resolution of single point laser Doppler methods, but with 
the larger spatial information that is available with laser Doppler imaging.

We present a small series of case reports in which inspiratory gasp during laser Doppler 
imaging was able to provide quick, useful and unequivocal clinical information regarding 
the status of regional bilateral skin capillary response to sympathetic activation. This may 
be useful for distinguishing sympathetically mediated from sympathetically independent 
pain. We believe the methods described may provide the basis for future quantitative 
studies similar to those that use single point laser Doppler methods. 
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Chronic neuropathic pain conditions such as 
Complex Regional Pain Syndrome (CRPS) 
show signs of involvement of the sympathetic 

nervous system. There may be evidence of 
vasodilatation, vasoconstriction, skin color changes, 
skin temperature asymmetries, hyperhidrosis 
or hypohidrosis (1). The degree to which the 
sympathetic nervous system is involved in the cause 
or maintenance of chronic neuropathic pain remains 

controversial (2). Clinical experience has shown that 
there are two subsets of CRPS patients, those who 
respond favorably to selective sympathetic blockade 
and those who show unfavorable or no response 
to these blocks (3). Patients with favorable pain 
response to sympatholytic treatment are said to 
have the symptom of “sympathetically maintained 
pain” and those without this symptom are said to 
have “sympathetically independent pain” (4). 
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ed onto the skin from a distance and --with the use  of 
a motor controlled mirror-- moves the beam in a precise 
raster pattern, line by line, from the lower left to the 
upper right of the area being scanned. A pixel by pixel 
pseudocolor image of flux measurements is produced.

This study was undertaken to determine if laser 
Doppler imaging could be used with sympathetic acti-
vating stimuli such as an inspiratory gasp or cold presser 
for routine diagnostic purposes. We report the results 
of a small patient series in which laser Doppler imaging 
proved useful in clinical practice.

Methods

Laser doppler imaging was performed in a dedicat-
ed room, temperature 24-26o C, with a moorLDI laser 
Doppler imager (Moor Instruments Ltd., Millwey, Ax-
minster, Devon EX13 5HU, England). All images were 
collected at a setting of 4 milliseconds per pixel and 
most were at a maximum resolution of 256 x 256 pixels. 
The total time required for an image at these settings is 
approximately 4.5 minutes. All patients wore protective 
eyewear during the imaging process.

The laser Doppler imaging was performed with 
the subject in a reclined position with feet and hands 
at heart level. The hands were placed on a dark pillow 
on the patient’s lap. Although each image can take as 
long as 4.5 minutes to collect, none of the subjects com-
plained of discomfort while maintaining the hands on 
the pillow in the palms up position. For the plantar foot 
images, the subject merely kept the feet still while in 
the reclined position. Baseline images were obtained 
after an acclimation time of at least 10 minutes. Imme-
diately following this, a second image was collected. In 
this image, the  patient was instructed to take a deep 
inspiratory gasp and hold for 10 seconds at various 
times during the collection of the image.

Thresholds for cool and warm sensation, and cold 
and heat pain were obtained bilaterally on the thenar 
with the TSA-II Neuro Sensory Analyzer (Medoc Ad-
vanced Medical Systems U.S., Durham, NC).  A ramping 
algorithm was used for all cool and warm detection 
thresholds.  The baseline temperature was 32ºC with a 
+1ºC per second change for warming, or -1ºC per sec-
ond change for cooling.  Subjects were instructed to 
push the response button, which recorded the temper-
ature and reset the thermode back to baseline, as soon 
as they detected a change in temperature.  For heat 
or cold pain determinations subjects were instructed to 
push the response button only if the sensation changed 
from cold or hot to one of pain.  

Many patients who demonstrated a positive re-
sponse to regional sympathetic blocks were surgically 
sympathectomized in the painful region in the hope of 
providing permanent relief. Unfortunately, in some cas-
es surgical sympathectomy does not result in permanent 
relief of pain, especially in patients with longstanding 
symptoms prior to sympathectomy (5). The reasons for 
failure may be because the sympathectomy was incom-
plete, there was re-growth of fibers with time, or the 
symptoms have become sympathetically independent. 
Postsympathectomy neuralgia might be the result of 
sensitization of peripheral receptors to circulating nor-
epinephrine (6). 

Blood flow to the skin capillaries is under the con-
trol of the sympathetic nervous system. In general, 
activation of the sympathetic nervous system causes 
constriction of the arterioles that feed the capillaries, 
resulting in decreased capillary flow. Skin capillary flow 
can effectively be measured using laser Doppler.

Laser Doppler uses a low power helium neon laser 
transmitted as a beam onto the skin. The light is scat-
tered by moving blood cells in the outermost 0.5 to 1 
mm depth of skin and is frequency shifted according 
to the Doppler effect, the average Doppler frequency 
shift being directly proportional to the average speed 
of the blood cells. The scattered light is photodetected 
and the photo-current signal electronically processed to 
produce a flux analog signal.

An inspiratory gasp, a sharp chest-expanding deep 
breath, has been shown to evoke a sympathetic re-
sponse resulting in a transient drop in capillary blood 
flow. This was originally reported using a plethymo-
graphic method in which the volume of a finger or toe 
decreased measurably with deep inspiration causing 
chest wall expansion, and this response required intact 
sympathetic innervation (7). The transient decrease 
in capillary flow can be visualized using laser Doppler 
fluxmetry. A number of studies have examined skin 
vasoconstriction response to a variety of autonomic 
stimulating maneuvers using single point laser Doppler 
systems. In a study of control subjects it was found that 
inspiratory gasp and cold exposure were the most reli-
able in eliciting a skin vasoconstriction response (8). 

While single point systems give good temporal 
resolution, the flux values can vary greatly with posi-
tioning of the probe. Changes in flux that accompany 
sympathetic activation might also vary greatly depend-
ing on the proximity of arterioles and venules to the 
probe location. 

In laser Doppler imaging, the laser light is project-
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Results

A typical baseline image of the palms of a control 
subject is shown (Fig. 1A) and a typical normal response 
to repeated inspiratory gasps (Fig. 1C). Since the laser 
beam moves in a raster pattern from the fingertips to 

the wrists, the reduction in capillary flow produced by 
inspiratory gasp is seen as a darker blue color in the 
pseudo-color image. Since the laser beam is moving 
relatively slowly, about 1.65 seconds for each horizon-
tal line, only that part of the fingers or palms being 

Fig. 1. Laser Doppler images of  control subject. (a) baseline; (b) flux values along 10 pixel wide line shown; (c) control with in-
spiratory gasps; (d) flux values along 10 pixel wide line shown; (e,f) single point laser Doppler of  digit 2 with inspiratory gasps; 
(g) example of  exaggerated inspiratory gasp response; (h) flux values along 10 pixel wide line shown.
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scanned during the transient drop in capillary flow, 
lasting about 15-20 seconds, displays this reduction. 
This can be seen clearly when the flux values from the 
bottom to the top of the image along a 10 pixel wide 
vertical line is shown (Fig. 1D).  The horizontal scale for 
this graph is the scan line number. Since each scan line 
takes 1.65 seconds to complete, an estimate of the time 
between pixels on successive lines can be calculated. For 
comparison a representative tracing from a single point 
contact laser Doppler system ( Laserflo blood perfusion 
monitor, TSI Inc., St. Paul, MN) of the index finger with 
repeated inspiratory gasps of the same control subject 
is also shown (Fig. 1F). The horizontal scale in this trac-
ing is time with each vertical line of the chart recording 
being equal to 3 seconds. 

An example of a laser Doppler image of a pro-
longed vasoconstriction response to inspiratory gasp is 
shown (Fig. 1G). In our experience this type of response 
is rarely seen and might be due to medication side ef-
fects, as has been described previously for single point 
laser Doppler inspiratory gasp evoked vasoconstriction 
response in amytryptyline treated patients (9).   

Patient 1 was a 60-year-old woman with a long his-
tory of CRPS-I following an accident resulting in severe 
pain in her left arm and hand. Six years prior to laser 
Doppler imaging, she had a left thoracoscopic sympa-
thectomy. She reported little or no relief following the 
procedure, and the painful condition progressed. At 
the time of laser Doppler testing she displayed normal 
thermal detection thresholds and cold hyperalgesia bi-
laterally, which was worse on the left, as well as slight 
heat hyperalgesia on the left hand compared to the 
right (Table 1).

The laser Doppler image at baseline shows that 
capillary flow was initially lower in the left hand (Fig. 
2A). This could be interpreted as evidence of a chronic 
up-regulation of noradrenergic receptors following 
sympathectomy (6). The image in which the patient 
performed inspiratory gasps (Fig. 2B) displays bilateral 
reduction of capillary flow with the inspiratory gasps. 
This would indicate the presence of functional sympa-
thetic innervation to both hands, the normal right hand 
and the symptomatic and sympathectomized sided left 
hand.

Patient 2 was a 46-year-old man with a 10-year his-
tory of CRPS-I in his left leg, which started following 
a severe knee injury. Ten years prior to laser Doppler 
imaging, the patient had a left lumbar sympathectomy. 
He reported some relief following the procedure, but 
with time the painful condition progressed. The laser 
Doppler image at baseline shows high and symmetrical 
baseline capillary flow in the bottom of the feet (Fig. 
2C). The image in which the patient performed inspi-
ratory gasps revealed robust sympathetic responses on 
the bottom of the right foot, but not on the affected, 
painful and sympathectomized sided left foot (Fig. 2D). 
This would indicate the absence of normal sympathetic 
vasoconstriction in the left lower extremity. 

Patient 3 was a 56-year-old man with chronic pain 
in his upper extremities and suspected Raynaud’s syn-
drome, since along with left sided neck and arm pain 
he reported that the fingers of both hands became 
painful, stiff and numb when they became cold. At the 
time of laser Doppler testing he displayed normal ther-
mal detection thresholds in his hands and no evidence 
of cold or heat evoked thermal hyperalgesia (Table 1). 

Table 1. Thermal quantitative sensory results from patients described in results section. All results are reported as the change in degrees 
centigrade, at a rate of  change of  1oC per second, from a baseline temperature of  32oC at which the patient detected (cool or warm 
detection) a thermal change, or when it became painful (cold or hot pain). The thermode (3cm x 3cm) was placed over the thenar 
eminence of  the hand and secured with a Velcro strap. 

Cool Detection
(change from 32.0oC 

baseline)

Warm Detection
(change from 32.0oC 

baseline)

Cold Pain
(change from 32.0oC 

baseline)

Hot Pain
(change from 32.0oC 

baseline)

Left  Right Left  Right Left Right Left Right

Patient 1
(thenar eminence) -2.8 -2.6 +3.9 +2.7 -18.3 -12.2 +9.2 +12.2

Patient 3
(thenar eminence) -2.6 -1.8 +2.5 +1.8 -32.0 -32.0 +13.  +13.7

Patient 4
(thenar eminence) -1.2 -1.5 +1.5 +1.4 -23.5 -13.2 +11.4 +7.5
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Following the collection of a baseline image, which ap-
peared normal and symmetrical (Fig. 3B), as well as an 
image with inspiratory gasps that indicated a normal 
response (image not shown), the patient immersed his 
hands up to the wrist crease in cold water (temperature 
2-4oC). He was instructed to remove his hands when 
the pain became intolerable or when 30 seconds had 
elapsed. The patient reported some discomfort during 
and after the cold water immersion and removed his 
hands only after reaching the maximum time limit of 30 
seconds. The hands were dabbed dry with a towel and 
then images were collected at timed intervals. 

Laser Doppler images following immersion of the 
hands in cold water, show the expected response of 

someone with a Raynaud’s condition. There is exagger-
ated and prolonged vasoconstriction following the cold 
exposure (Fig. B), compared to a control subject (Fig. 
3A). 

Patient 4 was a 50-year-old woman with chronic 
severe pain in her right upper extremity. She displayed 
normal thermal detection thresholds bilaterally, but 
had significant cold and heat evoked hyperalgesia in 
her right hand (Table 1). The patient complained of 
pain exacerbated by cold and Raynaud’s syndrome was 
suspected. Following collection of a baseline image, 
which appeared normal and symmetrical (Fig. 3C), as 
well as an image with inspiratory gasps that indicated 
a normal response (Fig. 3D), the patient immersed her 

Fig. 2. Laser Doppler images of  baseline and inspiratory gasp evoked vasoconstriction in patients with prior sympathectomy. (a) 
baseline image of  patient 1 (left upper sympathectomy, see text); (b) Patient 1 with inspiratory gasps; (c) baseline image of  
patient 2 (left lower sympathectomy, see text); (d) patient 2 with inspiratory gasps.
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hands up to the wrist crease in cold water (temperature 
2-4oC) and was instructed to remove her hands when 
the pain became intolerable or when 30 seconds had 
elapsed. The patient reported severe pain during cold 
water immersion and removed her hands after only 11 
seconds. The hands were dabbed dry with a towel and 
then images were collected at timed intervals. 

 In this patient severe pain on cold water immer-
sion was not accompanied by vasoconstriction. The 
image taken only 2 minutes after removing the hands 
from the water shows no decrease in capillary blood 

Fig. 3. Laser Doppler images from control subject and patients with suspected Raynaud’s syndrome. (a) control subject prior to and 
post bilateral cold water immersion of  hands; (b) Patient 3(see text); (c) Patient 4 (see text); (d) Patient 4 (normal inspiratory 
gasp vasoconstriction response).

A   Baseline    2 minutes post      10 minutes post     20 minutes post

 

C   Baseline    2 minutes post    

B   Baseline    2 minutes post      10 minutes post     20 minutes post

D   Inspiratory gasps

flow to the painful hands (Fig. 3C). This, along with 
demonstration of normal vasoconstriction response to 
inspiratory gasp, makes it unlikely that painful vasocon-
striction plays a major role in this patient’s cold evoked 
hyperalgesia.

discussion

Laser Doppler fluxmetry has been used in a number 
of studies to quantify sympathetically mediated skin va-
soconstriction responses (10-13,21,22). Standard single 
point laser Doppler systems give excellent temporal res-
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Laser Doppler imaging with inspiratory gasp can 
quickly and easily demonstrate the presence or absence 
of regional sympathetic vasoconstrictor function in the 
extremities. This can be especially useful in specific cas-
es where sympatholysis has been performed or in cases 
of traumatic pain or complex regional pain syndrome. 
While simple presence or absence of vasoconstriction 
response is useful for clinical decision making, for re-
search purposes it would be helpful if the vasoconstric-
tion response could be quantified. 

Quantification of inspiratory gasp evoked vaso-
constriction response has been accomplished using 
single point laser Doppler methods and has been used 
to demonstrate a reduction of normal vasoconstriction 
response in early CRPS type I that appears to normalize 
with progression or remission of the disease (2,18,19). 
We are currently working to quantify skin vasoconstric-
tion responses using laser Doppler imaging similar to 
what has been done with single point laser Doppler.

Thermal imaging, or thermography can provide 
spatial information about relative temperature differ-
ences which are often, but not always, related to sur-
face skin blood flow. Laser Doppler imaging, however, 
provides the ability to visualize transient sympathetical-
ly mediated cutaneous vasoconstriction, which is some-
thing that thermal imaging cannot do. Laser Doppler 
imaging is very specialized and the equipment is expen-
sive enough that it probably will not soon be part of 
routine clinical workup of chronic pain patients except 
possibly at specialized academic pain clinics.

This short report is presented not as a complete, 
quantitative study, but to provoke interest leading to 
possible improvements in methodology and quantifi-
cation, as well as possible collaborations with others 
interested in the relationship of regional sympathetic 
function and chronic pain. 
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olution which can demonstrate vasomotion, the normal 
periodic changes in capillary blood flow resulting from 
pulsations, respiration and the normal fluctuations of 
sympathetic activity. A previous study by our group 
demonstrated loss or reduction of normal vasomotion 
in patients with CRPS compared to controls (14). The 
major shortcoming of single point laser Doppler sys-
tems is the lack of spatial resolution, as only one small 
pinpoint of skin is sampled, and there can be a great 
deal of position or movement artifact. Laser Doppler 
imaging allows for much greater spatial resolution, in 
that the skin from an entire region of the body can be 
sampled. The problem, however, is the lack of temporal 
resolution as each of the maximum 65536 (256 x 256) 
individual points that make up an image are sampled 
only once. 

Laser Doppler imaging has been used to assess skin 
small fiber function by quantification of the neurogenic 
flare response to localized heating in diabetic neuropa-
thy. Laser Doppler imaging was found to be superior 
to single point laser Doppler fluxmetry for this purpose 
since both the area as well as intensity of the evoked 
neurogenic flare could be quantified (20). 

We have found that laser Doppler imaging can be 
useful for answering specific questions regarding pe-
ripheral sympathetic function in chronic pain patients. 
Although there are limitations, laser Doppler imaging 
can provide evidence to rule out localized sympathetic 
activation as a major contributor to cutaneous hyperal-
gesia. In a related laser Doppler imaging study, it was 
found that there was no change in skin blood blow with 
tactile stimulation in allodynic skin of patients with 
postherpetic neuralgia (15). We have previously used 
laser Doppler imaging to demonstrate lack of vascular 
occlusion or sympathetic hyperactivity contributing to 
sensory symptoms in patients with brachial plexus trac-
tion injury (16). 

In addition to inspiratory gasp response, laser Dop-
pler imaging following cold pressor might prove to be 
useful in the clinical workup of chronic pain patients 
with cold allodynia. Cold water immersion, when stan-
dardized, is simple to perform and has been shown to 
be a sensitive test for detecting analgesic effects of 
medications (17).
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