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Abstract: This paper gives an overview of the laser
Doppler perfusion imaging system and its use in
microvascular studies. Various scanning-modes are
described and the duplex-mode is introduced. The
duplex-mode includes both single and multipoint
recordings, the latter after repeated movement of the
laser beam in small quadratic patterns. The output
constitutes the average perfusion of all values within the
actual region of interest. This, in combination with
imaging, facilitates recording of both spatial and
temporal perfusion components by the use of the same
device and without any tissue contact.
INTRODUCTION
Microvascular blood flow recordings are of importance

investigation of tissue's viability. The most
corlmon techniques used are based on the Doppler shift
which laser light undergoes after interaction with moving
blood cells. About 20 years ago the first generation of
instruments was developed and emerged in fiber-based
laser Doppler perfusion monitors (LDPM) I1l. LDPM has
been used in a wide range of applications, from assessment
of skin flaps in the clinical environment to microvascular
studies in animal models of e.g., bone blood flow [2]. Due
to the natural heterogeneity of the microvascular bed [3],
the tissue shows both spatial and temporal blood flow
variations. Therefore tissue blood flow monitoring has

for the

been complemented by laser Doppler perfusion imaging
(LDPI) [4]. So far the LDPl-technique has been used in
clinical applications such as cutaneous microdialysis [5],
wound healing [6], diabetes [7] and in the evaluation of
allergic skin reactions [8].
The objective of this paper is to give an overview of the

The different scanning-modes implemented in the first
version of the system (PIM 1.0, Lisca Development AB,
Sweden) are:

..

single image measurement

o.
o.

sequential image measurement
repeated image measurement

Single and repeated measurements complete a scan with

in the range of 2x2 up to 64x64
measurement sites, with the corresponding measurement
time ranging from 0.2 sec. - 3.5 min. Sequential imaging,
however, uses the fix image formats of 4x4, 8x8, 16x16
and 32x32 sites, each of them repeated 256, 64, 16 and 4
times respectively. The sequential measurements allow for
averaging of images captured over the same tissue surface
and thereby for more consistent, noise-reduced images.
In the near future, a duplex-mode will be added to the
system. The duplex-mode has been developed to obtain
information from both the spatial and temporal
components of the microvascular bed. It consists of various
local area scan (LAS) configurations. These include single
image formats

point recording or multipoint recording, after repeated
movements of the laser beam in quadratic patterns
covering 2x2 or 4x4 measurement sites. For the 2x2 and
4x4-LAS, the output value constitutes the average
perfusion of all values captured within the actual region of
interest. In addition, the data set can be presented as
individual sub-images or extracted as individual timetraces from the local area scans. Until now, the latter
procedure has been carried out after export to spreadsheet
packages. Figure 2 shows the principle of the LASconfigurations and their corresponding update times
between individual local area scans.

latest methods and possibilities for microvascular blood
flow imaging with the laser Doppler technique.
METHODS
Laser Doppler perfusion imaging (LDPI) [4] is a non-

contact method for microvascular blood flow
measurements. A low-power (lmW), temperature
stabilised, solid state, laser light beam (635nm) is directed
onto the tissue from a scanner head positioned 10-20 cm
above the tissue of interest. After interaction with moving

blood cells, backscattered, partially Doppler broadened,
laser light is detected by photodiodes positioned in the
scanner head. Hardware signal processing results in a
linearly scaled perfusion value. The signal is further
sampled into the computer, noise and angular corrected
and finally stored for image generation and data analysis.

This process is repeated after step-wise movement of the
beam over the tissue surface (Figure

l).

Figure 1. LDPl-system overview.
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update

LAS

time

1x1

0.05s

ZxZ

0.2s

To sum up; with the introduction of the duplex-mode into
the laser Doppler perfusion imaging system, both spatial
and temporal perfusion components can be recorded with
the same device. After an initial image generation, a wellspecified tissue spot can be selected for detailed studies
which can be performed without tissue contact and over
long time-periods.
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Figure 2. Principle of local area scan as utilised

in

the

duplex-mode.
RESULTS

To exemplify the use of the scanning and

duplex-

modes, recordings were made on the index finger tip of the
right hand. Initially a perfusion image (format 40x40) was
captured, with the scanner head positioned 10 cm from the

skin surface and the system resolution set to "high"
(approximate spatial resolution 0.5 mm). Immediately after
this recording, ZxZ-local area scans were commenced from
two different positions in the nailfold area, one of them at a
high perfusion spot found from the initial image and the

other

5 mm

lateral

to the first spot (Figure 3). A

pronounced vasomotion pattern with overlaid heart beat
was seen in the LAS-recording captured from the high
perfusion spot. The second LAS recording showed a low,
non-pulsative pattern.
DISCUSSION

Evaluation of the duplex-mode shows that it is possible to
capture both spatial and temporal perfusion components
with the same system and without any tissue contact. The
duplex-mode creates a new type of data and a need for
separate presentation and analysis methods. Data may be
presented as average perfusion values from adjacent sites,
as individual sub-images or by extracting individual time
traces. Another possibility is animation of blood flow
changes with user-selectable time compression.
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Figure 3. Perfusion image recorded from the index finger tip and at two different sites (I and
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