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Laser AND microcirculation (mainly laser Doppler)
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The microcirculation

The term microcirculation refers to the functions of the
capillaries and the neighboring lymphatic vessels.

5 % of circulating blood volume( 250 mL) is present in the
capillaries at any given time.

This takes part into the exchange of nutrients, gases and
waste products between the blood & tissues.

Cell free layer (CFL)!



The microcirculation
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Fig. 4. Labial microvascular characteristics in healthy patients (200X).

Over 10 billion capillaries with surface area of 500-700
sguare meters
Small volume of blood is exposed to larger surface area



Arteriole —» Meta arteriole —» Capillaries —» Venules.

Pre capillary sphincter is present at the junction where the capillary
arises from the Meta arteriole. This opens and closes the entrance of
capillary and hence regulates the blood flow through the capillary.

The capillary wall is thin & consists of a single layer of endothelial
cells on basement membrane. Pores are present between the
endothelial cells that allow transport of substances including water.
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Why Is it Important to know microvascular
physiology & pathophysiology

Almost all diseases have mircovacular components
(diabetes, cancer, hypertension, Alzheimer’s disease, etc)
Experiences: skin, brain, nasal mucosa, inner ear...

Brain gets ~ 750 ml/min blood, uses 20% O, from the body’s
consumption

Brain tissue is extremely vulnerable

Stroke Is Nr. (2)-3 in respect to disabilities and death all over
the world

Dementia is linked to cererebrovascular diseases
Perinatal asphyxia affects ~ 3-4 babies a year
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Capillaroscopy



Capillaroscopy (Sub-lingual)




Image alignment




Image alignment







Principles of Laser Doppler
Flowmetry

Laser Doppler flowmetry (LDF)

Method to assess the tissue microvascular
perfusion

A laser beam Is directed to an area of tissue.

Upon contact with red blood cells in the target
tissue, light waves are reflected and scattered

Shifts in the frequency of laser light (Doppler
shift)

Detected and received by a photodector.
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Principle of laser Doppler flowmetry
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Single point blood flow imaging

laser light to the tissue reflected/scattered laser

light to a photo detector

Optical fibre transmits l T Optical fibre transmits

arterioles
& venules

Originally single point measurement system, measuring doppler shift
from moving RBCs (20Hz — 20KHz)

Image - Moor Instruments



Full field laser Doppler blood flow imaging

Histamine

I
125 250 PU

vascular response to an intradermal injection of 20 ul of 1 uM histamine
Into the volar surface of the forearm of a healthy volunteer (33s intervals).

Image — GF Clough, MK Church, University of Southampton



Scanning System

Scanned
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Processor

Scanning Mirror

Computer

Builds up image point by point, slow

Image - Moor Instruments
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EXPERIMENTAL STUDIES

Significance of the Rate of Systemic Change in Blood
Pressure on the Short-Term Autoregulatory Response in
Normotensive and Spontaneously Hypertensive Rats

Pal Barzo, M.D., Ferenc Bari, Ph.D.,
Tamas Doczi, M.D., Gabor Jancso, M.D.,
Mihaly Bodosi, M.D.

Departments of Neurosurgery (PB, MB) and Physiology (FB, GJ), Albert
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Laboratory
Investigations

Dexmedetomidine-

induced decrease in

cerebral blood flow is

attenuated by

verapamil in rats: a

laser Doppler study Gyorey Doy ww oy Bicviths Mo




Advantages of LDF technique

Highly sensitive
Responsive to local blood perfusion and

Versatile and easy to use for continuous
real-time monitoring.

Non-Invasive

Does not disturb the normal physiological
state of the microcirculation

The small dimensions of the probes have
enabled it to be employed In experimental
and clinical environments not readily
accessible using other techniques.




LASER DOPPLER FLOWMETRY (LDF)
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Representative tracing of control postocclusive
hyperemia (PORH) and thermal hyperemia (TH

i (start of heating)
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Capillaries in the brain
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The endothelium is the thin layer of cells
that lines the interior surface of blood
vessels. In the brain there are highly
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Closed cranial window- intravital microscopy
direct observation of cortical vessels

Advantages:
Physiological envirc
*Many kind of ves:
. Disadvantages:
«Parenchymal cir
studied

Limited dynamical fc

before and after NMDA (104 M)



Time course of ICBF changes during maternal hypercapnia (black bar) measured by cortical
surface (o, n = 6) and intracortical (*, n = 5) laser probes in fetal sheep at 110 dGAData are means
+s.e.m.
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The Journal of Physiology

A publication of The Physiological Society




LDF provided a means to follow functional activation
and to analyse rhythmic components of microcirculation
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Lindauer et al, AJP, 1999
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Neurovascular coupling-cortical spreading

depression

endothelium-derived dilator factors are unlikely
to mediate CSD-induced hyperemia in the brain
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_ — Prof. Peter Goadshy-

Pioneer in headache &
Cerebral microcirculation
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Original recordings of cerebral blood flow (CBF) responses (upper wave)
and DC deflections (bottom wave) during the three series of CSD. Ten mg/kg of
-NAME was given between the first and second sets of CSDs.



Simultaneous measurement of cortical reflection and CBF. (A) An image of the cortical surface, the location of
slit used for imaging spectroscopy, the tip of LDF probe, and the reflection of its beam from the cortex.

Laser Doppler Flow
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Spreading depolarization
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Representative experiment: young
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reflected/scattered laser

Single point blood flow imaging ||

Optical fibre transmits l T Optical fibre transmits

light to a photo detector

Originally single point measurement
system, measuring doppler shift from
moving RBCs (20Hz — 20KHz)
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Scanning System
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Builds up image point by point, slow
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Applications of LDF

1. Post-operative monitoring of free tissue transfer

Monitoring and quick recognition of disruption of flap
perfusion reduces the flap failure.

( Burn depth assessment)
2. Allergy patch testing, skin diseases research

3. Gastroenterology

To assess blood flow of the gastric mucosa and
disorders or to measure the effect of treatment
Intervention

4. Cerebral Blood Flow
To assess of cerebral blood in head injury patients
5. Pharmacology Trials

To assess the effects of topical or systemic
vasoactive drugs on tissue blood flow



6. Tooth Vitality Testing
To assess the blood flow pulsation in the pulp capillaries

/. Laboratory animal studies

For ocular, cerebral, cutaneous, auricular, splanchnic,
and renal blood flow

Limitation of current LDF

Currently LDF does not give an absolute
measure of blood perfusion

Limiting factor in clinical setting
Not routinely used in health care
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Draft of the arrangement of the setup

Two CCD cameras

Filter for Hp IJEENNR  =mission
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Stereo-
microscope LEDs with

excitation filters
A=540 nm

A=736 nm




Synchronization of the respective illumination/image
capture

Laser diode Red LED Green LED
(736 nm) (620-640 nm) (540-550 nm)

.( ............................... 1 second period ............................... ).

lllumination 5 — Off
20 rL]sec 100 msec 100 msec On

I— I

Camera 1 Off

exposure 100 msec On

Camera 2 Off

EXPOSUre 59 msec 10 msec 100 msec O
] T L n




Optical principles for multimodal imaging

Registered parameters

Reflectance Fluorescence
(620-640 nm) (670-740 nm)

Laser speckle
contrast imaging
(736 nm)
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Voltage sensitive dye loaded in a closed
cranial window

10 ml VS dye
topical recycling
80 ul/min
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Laser speckle contrast analysis

1 Average gray level
(55 matrix): (1)
Standard deviation: o
Speckle contrast: K

;

K =—
Particles with low motility—
high contrast
Particles with high velocity -
low contrast
= The velocity of particles is
proportional with:
- the decrease in speckle contrast
- (time of exposure)

(/)
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raw speckle
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Whole field analysis of the VS dye signal

Area terminally depolarized in various age groups

Middle-aged Aged




Onset of ischemia

Whole field analysis of cerebral blood flow maps
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