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Abstract—Laser Doppler flowmetry is a modern method of non- A potential

invasive microcirculation investigation. The aimaifr study was to
use this method in the examination of patients wsdtondary
lymphedema of the lower extremities and oblitegtitherosclerosis
of lower extremities. In the analysis of the amguli-frequency
spectrum of secondary lymphedema patients we heeatified

remarkable changes. To describe the changes we aisgukcial
amplitude rate. In both of patients groups thi€ nafis significally
(p<0.05) different with the control group. So tharker phenomena
of the amplitude-frequency spectrum of the LDF algnvere

identified. It is suggested that there is a limfogiyics contribution
to the formation of the output signal of laser Digppflowmetry.

These data have fundamental meaning and are itiberefor

practical medicine, as they give an opportunity forther

developments for the use of laser Doppler flowmeiny the

diagnostics and monitoring the effectiveness oftteatment

Keywords— laser Doppler flowmetry, secondary lymphedema o

the lower extremities, obliterating atherosclerpsi®n-invasive
diagnostics.

|. INTRODUCTION

OWADAYS diseases of blood and lymphatic vessels of
lower extremities are widely spread pathologiesr Fn

example, WHO statistic says, that 10 % of humanldutier
from lymphedema of low extremities. Different disesa are
accompanied by dysfunction of different types ofsads:
arteries, veins, microcirculatory blood vesselshonphatic
vessels. Various types of vessel dysfunction ndedifferent
treatment. So it is actually to search a new metbbdon-
invasive instrumental diagnostics, which can givee t
physician a possibility to ascertain the type ofset under
dysfunction before some strong clinical implicasocan be
detected.

P. V. Vasilev is with the Department of Physiologhe Faculty of

application point for
microcirculature because it is a site of artenanous and
lymphatic systems integration [1], [2]. So pathabad process

in any system indispensably provokes some chandes o

microcirculatory blood stream characteristics. Efgr it is

perspective to use a modern method of non-invasive

investigating of microcirculature parameters likedr Doppler
flowmetry. This method has high sensibility but efise of
clear clinical application algorithms and resulteipretation
criteria makes difficulties for using of this methn clinical
practice.

The aim of our study was to use this method in the

examination of patients with secondary lymphederhahe
lower extremities and obliterating atherosclerosfslower
extremities and detection of marker phenomena dryev
gisease, which can be used as the interpretatitariar In the

context of this aim we have accomplished LDF-gramme

registration among 2 groups of patients and comrolp and
constructed amplitude-frequency specters of LDRaig

[I. MATERIALS AND METHODS

Our investigation was enveloped 30 patients of tsstkes
the age of 27-81 years. According to clinicdbmation all
patients were divided into two groups: 10 patientsh
secondary lymphedema of the lower extremities afd
patients with obliterating atherosclerosis of thewdr
extremities. The control group included 10 patieafsthe
same age without pathology of arterial and lympghaéssels
of the lower extremities. Complex investigation luted a
clinical examination, an anthropometry and laserpfler
flowmetry.

Parameters of microcirculature were assessed thraung
LDF system Biopac MP 100 (Biopac instruments, USAh
original software and special skin transducer TSI 8*17
mm. LDF transducer was superimposed on the areeeahe
medial ankle with the help of special adhesive glidkhe laser
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LDF-gramme recording on each
horizontal body position. Then a survivor was astedtand

up, and also a 2-minute long recording on both towe

extremities was carried out.

In the course of output LDF signal processing amgé—
frequency spectra were constructed (with the hdipthe
original software). Firstly the visual
comparison of specters was carried out.

Amplitude-frequency spectrum has 3 characteristical areas:

neurogenus vessel tonus and endothelial factoesteff

such method is

lower extremity in a

assessmemd a
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2. respiratory oscillations area (0.2-0.4 Hz). As it can be seen (Fig.1), in absentia of lymphatic
Respiratory oscillations are caused by venous press arterial vessels diseases spectrum has graduakribsg
gradient as a result of pulling action of the btehsing form, without sharp amplitude peaks in characteatareas.
respiratory movements;

3. sphygmic oscillations (cardiorythms) area (0.8-1.6 Hz).
These oscillations are caused by the heart workimg,
left ventricle propulsive action and sphygmic wave
expanding. [3]

Zone of our attention was in slow-wave oscillatiand
cardiorythms areas. For describing characteristspactrum
changes (harmonics) we used a special rate — tireafathe
maximum amplitude of the cardiorythmic (pulse) hanig
(APmax) to the maximum amplitude of the slow-wave
harmonic (ALmax).

In spite of situation that laser Doppler flowmetaye
positioned as only a blood microcirculation invgating
method [4] - [6], we think that lymphatic microcidation also
can take part in forming an output LDF signal beeau
slowdown of lymph flow and changing of chemicalusture
of the lymph (increasing of albumins and globulomtent),
which are typical for secondary lymphedema [7], sesu
changing of optical characteristics of the lympld amakes it
recognizable for laser Doppler flowmetry.

For statistical procession we have used paired nom. s765s Lot
parametric Mann-Whitney criteria, group differencese He

thought to be significant with 95% probability (p€6). Fig. 2 Spectrum Oght:r?zgiii;n;(\)l\gitt?oiicondary lyegema

Channel 1

ll. RESULTS It is remarkable that in case of secondary lymphedef
Our investigations shows that patterns of amplitude y lymphede

frequency spectrum of LDF signal, registered froiffiecent ;T;,J%e\,ree(ﬁ;grgﬂgs Slzslg (r2i) k:tr;ehr:rrirc()eniizm?hgbaae:%r:iti
groups of patients are differ from each other amminfthe P 9 :

., acquire a form of some sharp amplitude peaks alibee
control group. These changes are regular and special eneral descending of the spectrum. In other wpmiger of
forms of characteristical harmonics, which were edm 9 9 P L P
“marker phenomena’ the slow-wave and pulse harmonics increases.
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Fig. 1 Spectrum of the patient from the controlugréhorizontal Fig. 3 Spectrum of the patient with obliteratingerbsclerosis
position) (horizontal position)
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And in case of obliterating atherosclerosis (FigsBiarp In case of secondary lymphedema of the lower extiesn
amplitude peaks can be only detected in the pulsednic, in vertical position specific slow-wave harmonic thvi
while the slow-wave harmonic doesn’t contain angckl characteristical sharp amplitude peaks persists @ji power
changes. We can observe increasing of power ortlyeopulse of this harmonic continues to be increased. But plise
harmonic. harmonic doesn’t have any sharp peaks and its power

increased.
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Fig. 4 Spectrum of the patient from the controlugrgvertical
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Fig. 6 Spectrum of the patient with obliteratingexbsclerosis
Spectrum of LDF signal recorded in vertical positiof (vertical position)
patient’s body (from the control group) (Fig.4) do& have
any big differences in comparison with such speatoi LDF
signal recorded in horizontal position.

Vertical position spectra of patients with obliténg
atherosclerosis (Fig. 6) contain some amplitudekpeia
sphygmic oscillation area, but these peaks, in @ispn with
such peaks in horizontal position spectrum, arberasmall
and don'’t disturb a common gradual descending feuoh as
in the control group.

Calculation a special rate — the ratio of the maxm
amplitude of the pulse harmonic (APmax) to the mmaxh
amplitude of the slow-wave harmonic (ALmax) showEd.
7) that values of this rate both into secondaryggedema and
obliterating atherosclerosis groups of patients sigmificant
(p<0.05) more than in the control group. Significan
differences of this rate between secondary lympmedand
obliterating atherosclerosis were not found.
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Fig. 5 Spectrum of the patient with secondary lyegdma (vertical Fig. 7 Ratio APmax / ALmax
position) '
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Based on our results we put forward a hypothesis fil
output LDF signal is not only formed by microciratdry
bloodstream, but microcirculatory lymph flow alskés part
in output LDF signal formation. It is confirmed Htiye fact of
presence of characteristical harmonics with shanplitude
peaks in slow-wave oscillations area at patients s@condary
lymphedema of lower extremities. Secondary lymphele
accompanies with slowdown of lymph flow and chaggof
chemical structure of the lymph, with increasingtemt of
albumins and globulins, which forms large colloidrticles.
Linear dimensions of these particles are closelgde0 nm.
All these factors change optical properties of lgmaph that
can be a cause for appearance of characteristarahdmic
(marker phenomenon) in slow-wave area of amplitude-
frequency spectrum. In this way one can think abitnet
presence of specifmphatic component in formation of LDF
output signal.

IV. SUMMARY

On the ground of results we got, following conatuns were

made:

1. Laser Doppler flowmetry is a high perspective mdtbd
non-invasive diagnosis of blood and lymphatic vissse
dysfunctions;

2. Characteristical harmonics with sharp amplitudekpea
are marker phenomena of secondary lymphedema and
obliterating atherosclerosis of the low extremities

3. Itis rightfully to put forward a hypothesis thgtriph flow
also takes part in forming of output LDF signal.

These data have fundamental meaning and are ititgres
for practical medicine because they give a capgbif next
development of using laser Doppler flowmetry ingtiasis of
blood and lymphatic vessels pathologies and mangaof the
effectiveness of producible treatment.
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