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AIM
Assemble a real time laser speckle imaging system to resolve cerebral blood flow (CBF)
maps to counterpart ongoing experimental research of stroke pathophysiology and similar
states with altered auto regulatory response.

EXPERIMENTAL APPLICATION 1 - RESULTS
Statistical interpretation of the differences in vasomotor reactivity during hypercapnia between
wild type (n=6) and Kir5.1-/- knockout mice (n=7) using LSCI and 2-PTM as two contrasting
imaging modalities.
The aim of this experiment was to determine whether Kir5.1 channels, strongly expressed
on astrocytes and the vascular endothelium exert any influence on the vasomotor response
and CBF to a brief 5min exposure of hypercapnia.
Normocapnia

Optical imaging modalities have become increasingly prevalent in biomedical research for
discerning functional and anatomical information. Laser Speckle Contrast Imaging (LSCI) is a
non-invasive full-field optical imaging technique that gives a 2-D microcirculatory surface flow
map within live tissue.
LSCI is based on the grainy image produced by a laser
light illuminating an object, known as a speckle pattern. The
visual appearance of the speckle pattern produced by
objects showing some kind of activity, such as flowing red
blood cells (RBCs) is called a dynamic speckle. LSCI makes
use of statistical analysis of the dynamic speckle pattern
which is modulated by the speed information of the RBCs.
The main setup of a LSCI consists of a 632 nm red laser,
an optical imaging system and a CCD camera connected to a
PC. LSCI is mainly used in pre-clinical studies by
neuroscientists for
CBF dynamics and in clinical
examinations for blood perfusion imaging of the retina and
the skin, for example during examination of burns.

2-PTM

Laser Speckle Contrast Imaging (LSCI) - An imaging technology for the study of blood perfusion.
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INTRODUCTION

Hypercapnia

Experimental results from a Kir5.1-/- knockout mouse using two contrasting imaging
modalities acquired from the same location in the brain. Points A-D mark branched segments
of an artery under investigation with sustained vasodilation and blood perfusion reactivity
during hypercapnia. V labels a vein that shows negligible reactivity.

Results show that the mean diameter and the mean blood flow % increase of the selected
arteries during hypercapnia for the knockout group were less than that of the control group
and the mean delay to vasodilation of the knockout group was larger.

METHODS
1. An important requisite was the development of laser
speckle contrast analysis (LASCA) techniques. These are
based on the changes over time of the dynamic speckle
pattern generated by the moving RBCs. The different
analysis techniques quantify the speckle contrast for a
center pixel using the intensity distribution obtained
from a window of surrounding pixel values using the
speckle equation. The window of surrounding pixels is
obtained from different instantaneous locations
(spatial), a single pixel at different times (temporal) or a
combination of multiple pixels from different locations
and at different times (spatiotemporal).
2. LSCI and two-photon microscopy (2-PTM) were employed to assess the role of astrocyte
Kir5.1 channels in vasodilation after a brief period of hypercapnia in Kcnj16 knockout mice.
3. LSCI and laser Doppler perfusion monitoring (LDPM) were used to map the spatiotemporal
evolution in CBF around the ischemic focus in a mouse model of focal ischemia.

EXPERIMENTAL APPLICATION 2 - RESULTS
Comparative measurements in cerebral blood flow in mouse Middle Cerebral Artery Occlusion
(MCAO) with LSCI and LDPM.

The aim of this experiment was to test the sensitivity of LSCI to image changes in regional
CBF during MCAO and reperfusion in CD-1 mice.
(a) shows a thinned skull preparation of the
MCA territory as visualized with white light. (b)
shows a LSCI CBF map of baseline perfusion of the
same area. (c) compares the average % change in
blood flow over baseline values using LSCI and
LDPM in 4 experimental groups of MCAO in mice.
(d) blood flow data during focal ischemia shows a
high correlation between measurements obtained
from LSCI and Doppler flowmetry.
Images of CBF maps that demonstrate the intraspieces variability in regional CBF during

CALIBRATION AND TESTING

focal ischemia in mice using the intraluminal filament model.

A flow phantom slide was used to mimic a blood vessel.
Polystyrene microspheres dissolved in water were used to
simulate the flowing RBCs, while a micro syringe pump was
used to regulate the flow. Tests for the speckle contrast
response against particle speed and camera exposure time
were investigated.
Graph (a) shows the linear relation between volumetric flow rate and the inverse of the
speckle contrast squared, tested for the spatially and temporally derived speckle contrast.
Graph (b) shows the speckle contrast values of a dynamic and a static region of interest for
different exposure times. Graph (c) shows that the system is most sensitive when the
exposure time is around 5ms for flows equivalent to the CBF of the mouse brain.

CONCLUSION
The simple non-invasive setup of LSCI that excludes exogenous contrast agents is a powerful
tool to monitor in real-time cerebral vascular reactivity and blood flow dynamics in physiology
and disease.
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