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Laser doppler flowmetry as the advanced
non-invasive method of evaluation
of microcirculation status in patients
with diabetes mellitus

Z. Shaienko

The World Health Organization defines cardiovas-
cular diseases, chronic respiratory diseases, oncological
pathology and diabetes mellitus as the non-infectious
diseases of the XXI century [1, 2, 18].

Currently, the problem of DM is one of the most
important medical and social challenges worldwide.
This is primarily due to the widespread prevalence of
the disease and its tendency to further increase in the
incidence of diabetes mellitus [1, 11]. Recent data
published in the Diabetes Atlas of the International
Diabetes Federation (IDF), 10th Edition, 537 million
adults are now living with diabetes. If the necessary
measures to combat the pandemic are not taken, the
estimated 643 million people will suffer from diabetes
mellitus by 2030. And by 2045, that number will rise to
784 million [11].

Diabetes mellitus is the most life-threatening with its
complications [2]. Diabetic foot syndrome and lower-
limb lesions affect 40 to 60 million people with diabetes
worldwide [6]. People with diabetes have a risk of
amputations that can be by more than 25 times higher
than for people without diabetes [10]. However, with
comprehensive treatment, a significant proportion of
diabetes-related amputations can be prevented.
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Therefore, the strategy of the health care system of
each country should be directed not only to treatment,
but also to early diagnosis and prevention of
complications of diabetes in order to maintain public
health, improve quality of life and economic
development, respectively [7].

Systemic microcirculatory disorders play an
importantrolein the pathogenesis of DM complications
[4, 9]. They lead to the development of microangio-
pathy and neuropathy (through the primary lesion of
vessels involved in the blood supply of the peripheral
parts of the nervous system. Currently, less than one-
third of physicians recognize signs of peripheral
neuropathy associated with diabetes. Untimely
diagnosis contributes significantly to high morbidity,
disability, and mortality [6, 8, 19].

A routine procedure to indirectly evaluate the
microcirculation status is the examination of the eye
fundus by an ophthalmologist. The method is
subjective and reveals microcirculatory changes
already after the manifestation of complications, not
allowing their early diagnosis, which, eventually, does
not allow to fully evaluating microcirculation status in
patients for more effective control of the disease [5].
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For this purpose, skin, as the most accessible organ,
can be an alternative localization to evaluate the state
of microcirculatory network [13]. There are many
methods to evaluate cutaneous blood flow:
videocapillaroscopy, optical coherence tomography,
laser Doppler imaging, etc. [15, 17].

The method of laser Doppler flowmetry stands out
among other methods by the possibility of non-invasive
tests with different types of functional effects, being
relatively inexpensive and easy to use, which accounts
for high interest [3, 12, 14—17, 20—22].

Objective of the article is to study the experience of
the use of laser Doppler flowmetry in clinical practice
asamethod of studying the state of the microcirculatory
bed in patients with diabetes mellitus.

The interest in the study of microvascular system is
due to the significant role of capillaries in the basic
processes of vital functions of the body, in the trophic
support of organs and their direct participation in
tissue and cellular respiration [4, 9]. Microcirculation
system is one of those important systems, in which
various diseases are manifested at the early stages.
Human health and life expectancy depend on
coordinated work of the heart, major bloodways and
microcirculation vessels as a whole [3, 23].

Non-invasive methods have a number of advantages:
they are more accessible, with minimal time
expenditure, have no contraindications for the
investigation, give a clearly expressed result; studies
can be widely used in the clinical practice, the obtained
indicators can be used in the diagnosis and influence
the tactics of treatment, reduce the period of stay in
the clinic [13, 15,17, 21].

In 1972 the method of LDF was first used to evaluate
blood microcirculation, when C. Riva et al. measured
perfusion of rabbit retina [4]. In medical practice the
method was first applied in the 1980s. Thus, in 1982
T. Tenland et al. made serious efforts to adapt the
method to measure cutaneous blood microcirculation,
and M. Swiontkowski et al. in 1985 applied LDF to
evaluate bone marrow perfusion [4].

The principle of LDF operation is to probe the tissue
with laser radiation, register the reflected signal and
analyze the occurring Doppler frequency shift of radiation
scattered by interaction with moving erythrocytes. The
analyzed tissue depth is on the average of 1 mm (for the
range from green to infrared wavelengths, the thickness
of the probed layer can be 0.5 to 2.0 mm) [12]. This layer
may contain the following sections of microcirculatory
bed depending on tissue type: arterioles, terminal
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Fig. 1. The scheme of the optic probing of tissue in laser Doppler
flowmetry (according to V. |. Makolkin et al., 2001)

arterioles, capillaries, postcapillary venules, venules and
arteriolo-venular anastomoses (Fig. 1).

The method allows non-invasive measurement of
microcirculation in different localizations: skin,
mucous membranes. The analyzed final parameter is
called perfusion. It is measured in relative or perfusion
units and is directly proportional to the number of
erythrocytes and their average velocity. The simplest
way to study blood flow using LDF is to record
baseline perfusion [20]. Perfusion level is recorded by
the device in «real time» mode, and then a graph of
perfusion time dependence is formed, called LDF-
gram. Routine analysis of LDF-gram consists in
calculation of the mean value, standard deviation and
variation coefficient of perfusion for a certain period
of time [21].

Based on the findings of the LDF evaluation, the type
of blood flow is determined, according to which it is
possible to establish the presence or absence of
endothelial damage and evaluate the effectiveness of
the prescribed therapy [7, 14, 19, 23], namely,
1) normotonic; 2) spastic (increased tone of micro-
vesselsand decreased blood flow to the microcirculatory
system due to spasm of precapillary sphincters);
3) hyperemic (increased blood flow to the micro-
circulatory system, which is associated with dilatation
of microvessels); 4) stagnant-stasis (in paresis of inflow
vessels and impaired outflow at the level of capillary
and postcapillary section) (Fig. 2).

Along with measurement of the basic level of
perfusion, various functional tests are used to study
cutaneous blood microcirculation using LDF. They
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Fig. 2. Normocirculatory type of microcirculation [16]

Fig. 3. Portable laser flowmeter [6]

Fig. 4. Portable laser flowmeter [6]

allow increasing informativeness of the study due to
the evaluation of additional involvement of regulatory
mechanisms by means of external stimuli. One of the
most frequently used functional tests is the occlusion
test [12, 14, 21]. The test is aimed at temporary
occlusion of blood flow (by pressurizing the
sphygmomanometer cuff to suprasystolic values) in
the upper or lower limb with subsequent registration
of post-occlusive reactive hyperemia. The duration of
occlusion can vary from 1 to 5 minutes; the value of
the forced pressure varies from 40 mm Hg above
systolic to fixed values of 300 mm Hg [14]. Methods of
results processing may also vary and investigators
analyze maximum, average, and relative values of
post-occlusive hyperemia, calculate the area under
the graph, etc. [15]. Despite the large number of
publications where the above test is applied, it is
difficult to compare the results of studies due to the
lack of standardization of measurements.

Other frequently used tests are temperature,
respiratory and pharmacological ones. Their techni-
ques vary considerably in different investigations
[12, 14, 15, 21]. When using pharmacological tests, the
measurement results are influenced by the factors
determining the efficiency of ionophoresis: the
duration of the procedure, the pH of the solution and
its concentration, the properties of the solvent, the
thickness of the skin, its electrical resistance, the
density of sebaceous and sweat glands and the
intensity of their activity, as well as a number of other
parameters.

The medical market presents contact (Fig. 3—5) and
contactless (scanning systems) flowmeters with data
transmission to a computer, telephone and
corresponding device of a physician.

Mitochondrial stress (oxidative metabolism
disorder) is the major mediator of neurodegeneration
in DM. High tissue glucose levels result in the
accumulation of reduced nicotinamide dihydrogen
dinucleotide (NADN) in mitochondria. Imbalance of
the redox system (disruption of the NADN to
nicotinamide adenine dinucleotide (NAD) ratio),
oxidative stress (free radical formation) and
mitochondrial stress are also involved in tissue
damage in DM. The polyol-sorbitol metabolism
pathway is activated by hyperglycemia. Prolonged
hyperglycemiais toxic to the macro-and microvascular
system; this phenomenon is known as glucose
toxicity. The dynamics of energy metabolism
coenzymes FAD and NADN and disruption of oxidative
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Fig. 5. Laser diagnostic apparatus [6]

metabolism can be studied using laser fluorescence
spectroscopy (LFS) [8, 20]. The potential of combined,
simultaneous assessment of blood delivery to the
microcirculation system by laser Doppler flowmetry
and oxidative metabolism by tissue biomarker-
coenzymes using LFS method seems undeniable. The
combination of these diagnostic methods makes it
possible to assess the risk of diabetic foot syndrome
[10,17,19, 20, 23].

Summarizing the above data, it should be noted that
such advantages of LDF as noninvasiveness, the
possibility of quantitative assessment of the state of
the microcirculatory network, the possibility of using
functional tests to determine various regulatory
mechanisms made this method one of the most
common ways to assess microcirculation (Fig. 6).

A significant part of scientific publications on LDF
is related to the study of microcirculation in DM,
arterial hypertension, burns, as well as conditions
characterized by blood rheology and hemostasis
disorders [14, 21]. Nonetheless the abundance of
works in this field, the comparison of the findings of
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Fig. 6. Research protocol [6]

individual studies, and even more so, the
implementation of these results into clinical practice
is complicated by a number of metrological and
methodological aspects: lack of sample
standardization, data recording techniques, design
differences in measuring devices, etc. [15, 22].

Among the most promising points of application is
the study of microcirculation as part of the early
diagnosis of DM and its complications, clarifying the
risk of complications, monitoring the effectiveness of
treatment [3, 4, 6, 71.

The findings of numerous scientific studies carried
out using LDF suggest that the method provides an
opportunity to identify microcirculatory changes
characteristic of DM patients, such as endothelial
dysfunction and nervous regulation of vascular tone in
various manifestations. LDF has also demonstrated the
ability to identify features of microcirculation in people
with early disorders of carbohydrate metabolism and
high risk of DM. Perhaps in the future LDF will allow
moving from the «purely scientific» use of the method
to its practical application in the clinical practice for the
diagnosis of disorders in a particular patient.

Most DM patients are not well-informed about the
development of DM complications, and therefore this
cohort of patients requires constant examination and
detection of lesions at the early stage [1, 8, 9].

CONCLUSIONS

1. The possibility of real-time non-invasive
quantitative assessment of the state of
microcirculatory blood flow and relative ease of use
explain the high popularity of LDF in scientific
research and make this method promising for use in
clinical practice.

2. Unfortunately, the current use of LDF is limited to
scientific studies.

3. This method can have important diagnostic value
for the study of the state of various levels of
microcirculation regulation and is important for
dynamic monitoring of the effectiveness of the
prescribed treatment.

4, Complex application of LDF and LFS in relation to
detection of risk of diabetic foot syndrome will allow
personalizing DM therapy.

5. Development of optimal evaluation techniques of
microcirculation is a prospect for further research.
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ABSTRACT
Laser doppler flowmetry as the advanced
non-invasive method of evaluation
of microcirculation status in patients
with diabetes mellitus

Z. Shaienko
Poltava State Medical University, Poltava, Ukraine

Currently, the problem of diabetes mellitus (DM) is
one of the most important medical and social
challenges worldwide. This is primarily due to the
widespread prevalence of the disease and tendency
to further increase in the incidence of diabetes
mellitus.

Systemic microcirculatory disorders play an impor-
tant role in the pathogenesis of DM complications.
They lead to the development of microangiopathy and
neuropathy through the primary lesion of vessels
involved in the blood supply of the peripheral parts of
the nervous system. Currently, less than one-third of
physicians recognize signs of peripheral neuropathy
associated with diabetes. Untimely diagnosis
contributes significantly to high morbidity, disability,
and mortality.

The authorinvestigates the experience of the use of
laser Doppler flowmetry (LDF) in clinical practice as a
method of studying the state of the microcirculatory
bed in patients with diabetes mellitus.

LDF is a non-invasive quantitative method of
microcirculation assessment; its capabilities include
the analysis of microcirculatory rhythms and functional
testing with different types of provocative effects,
which provides with investigating the state of
regulatory mechanisms of microcirculation.

The prevention and treatment of various
microcirculatory disorders is one of the mostimportant
problems of medical practice. The difficulties of
studying the microcirculation are caused by the very
small size of microvessels and strong ramification of
intra-organic vascular networks.

The use of LDF in scientific research will make it
possible toreveal the DM-specific changes in microcir-
culatory bed functioning. The findings of some studies
suggest that microcirculatory disorders are not only a
pathogeneticlink in the development of complications,
but they are also observed in patients with early
disorders of carbohydrate metabolism and may
precede the manifestation of diabetes. However, the
method has not yet become widespread in clinical
practice.

Keywords: diabetes mellitus, microcirculation, laser
doppler flowmetry, spectroscopy, noninvasive
diagnostics.

PE3IOME
JlasepHa pgonnepiBcbKa ¢pnoymeTpia — cy4acHuin
HeiHBa3VIBHUI MeTOA OLiHKV CTaHy MiKpoLMpKynawLii
y XBOpPMX Ha LlyKpoBuii giaber
3.0. llaeHko

lMonmascekuti OepxagHul MeduyHul yHieepcumem, [lonmasa

MNpobnema uykpoBOro faiabety € ofHi€w 3 Hali-
BAXKNMBIWMX MefuKo-colianbHUx npobnem cydac-
HOCTi Ta Ma€ rnobanbHUN XapaKTep, WO 3yMOBJIEHO
NOWMPEHHAM 3aXBOPIOBaHHA | TeHAeHUi€ew fJdo
noaanblworo 306iNblieHHA KiNbKOCTI XBOPUX Ha L0
Hepgyry.

Y naTtoreHesi ycKknagHeHb LlyKPOBOro AiabeTy Bax-
NYBY POJib BifirpatoTb CUCTEMHI MIKPOLIMPKYNIATOPHI
nopyweHHA. BoHn Npur3BogATb 4O PO3BUTKY MiKpOaH-
rionatii Ta Henmponarii (4epe3 NepBUMHHE YpParKeHHSA
CYAWH, AKi 6epyTb yyacTb y KPOBOMOCTayaHHi nepude-
pUYHKX Bigdinis HepBoBOI cnctemm). MeHLwe Hix Tpe-
TMHa JikapiB po3Mi3HalTb O3HaKM nepudpepuyHoi
HeBponartii, NoB'si3aHoI 3 AiabeTom. HecBoeuacHa fia-
FHOCTMKa CNPUYMHAE BNCOKY 3aXBOPIOBAHICTb, iHBani-
An3auito Ta CMEepPTHICTb.

Hamu BMBYEHO [OCBIA 3aCTOCYyBaHHA Jla3epHOT
gonnepiscbkoi noymeTpii y KRiHIUHIN npakTuui Ak
MeTody AOCNIAKEeHHA CTaHy MIiKpOUMPKYAATOPHOro
pycna y naui€eHTiB i3 LyKpOBUM fiiabeToMm.

NazepHa gonnepiscbka GproymeTpia — HeiHBa3mB-
HUI KiNbKICHU MeToh OUiHKK MikpouupKynauii. BiH
[JA€ 3MOry aHanisyBaTu MiKpPOUMPKYAATOPHI pUTMH i
NpoBOANTUN QYHKUiOHaNbHe TeCcTyBaHHA 3 Pi3HMMMU
NpoBoOKaLUinHUMK Npobamu AnAa OOCNiOKeHHA CTaHy
perynaTopHUX MexaHi3miB MiKpoLupKynawii.

MpodinakTnka Ta NiKyBaHHA Pi3HUX MNOpPYLIEHb
MiKPOLMPKYNALIi € OAHIE 3 HAMBaXKNUBILUNX NPObEM
MeANYHOT NPaKTUKN. TpyaHOLWi BUBYEHHA MiKpoUuup-
KynAauii 3yMOBeHi gyXxe Mannm pPOo3MipOM MiKpO-
CYyauH.

BukopuncTaHHA nasepHoi gonnepiBcbKoi roymerpii
Y HAYKOBMX AOCAIAXKEHHAX AaCTb 3MOTY BUABUTU XapaK-
TepHi ana uykposoro fiabety 3miHM QyHKLiOHYyBaHHA
MIKPOUUPKYNATOPHOro pycna. Pesynbtaty pgeakmx
JocnigKeHb CBigyaTb NPO Te, WO MOPYLUEHHA MIKpO-
LMPKYNALiT € He N1LIe NaTOreHeTMYHOIO TAHKOI0 Y PO3-
BUTKY YCKMafiHeHb, a i CNocTepiraloTbCA Y nauieHTiB 3
paHHIMM MOPYLWEHHAMU BYrNEBOAHOIO OOMiHY Ta
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MOXXYTb NnepeayBaTy MaHipecTauil LyKpoBoro fiabety. KnouoBi cnoBa: LykpoBuii giabeT, MiKpounpKynsa-
OpHak meTop LWe He HabyB LIMPOKOro MOLWMPEHHA B UiA, JlazepHa JonnepiBcbka GnoymeTpia, CnekTpoc-
KNiHIYHIN NnpakTn,i. Konis, HeiHBa3MBHa AiarHOCTUKa.
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