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Public healthcare in Russia faces many challenges; meeting them requires non-standard and innovative approaches. The set
tasks are being solved within the «Public healthcare devel opment» Sate program. A sub-programwithin it is called «Development
and implementation of innovative diagnostics, prevention, and treatment procedures as well as basics of personified medicine».
This sub-program involves wide use of information and digital technologies. Personified medicine envisages devel oping such meth-
ods that would allow early detection of a probable disease even at a preliminary stage in examining a patient; this detection isto be
based on a simple and relatively cheap diagnostic technology and to provide a medical center with reliable data on detected signs
of a disease for a further diagnosis. Mass use of such technologies also requires truly reliable mathematic procedures and models
for putting a preliminary diagnosis. At present cardiovascular diseases are still the leading cause of death all over the world; they
develop due to variable factors including influence exerted by malignant neoplasms and also due to chemotherapy.

The paper contains data collected by contemporary medical experts on case histories and complications of myelopro-
liferative diseases caused by vascular system pathology that holds the first rank place as per mortality worldwide. It was
detected that both pathological cellular mass and medications applied to treat myeloproliferative neoplasms could produce
adverse effects on vascular endothelium damage to which plays the leading role in cardiovascular continuum. To assess
risks of myeloproliferative diseases complications, we examined patients using Laser Doppler Flowmetry (LDF). The results
were processed with a logistic regression model. As per ROC-analysis results the obtained diagnostic criterion has sensitiv-
ity (1 — p) and specificity, (1 — «) that are equal to 0.87 and 0.96 accordingly, and it means diagnostics is high-quality. The
procedure and the mode can be applied in digital medicine.

Key words: digital medicine, diagnostics, myeloproliferative diseases, vascular endothelium dysfunctions, Laser Dop-
pler Flowmetry, mathematical model, logistic regression, risk assessment.

At present the public healthcare system
in Russia requires innovative approaches to
challenges it has to face. It occurs due to
multiple processes such as new diagnostic
and treatment techniques being imple-
mented, evolution of infectious agents that
cause many diseases, certain socially signifi-
cant pathologies becoming «younger», issues
related to long life span and life quality. Sci-

entific society sees a way out of the existing
situation in raising availability of highly
specialized innovative medicine via wide-
scale practical implementation of new scien-
tific knowledge on what causes a disease, its
early diagnostics, treatment techniques as
well as due to the very latest information and
digital technologies being applied in public
healthcare.
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The outlined tasks are being solved in the
RF within «The Public healthcare develop-
ment» State program (hereinafter called The
State Program)'. A pilot part of the State Pro-
gram includes «Public healthcare» National
project that has been implemented as per 8
sub-programs starting from 2019. There is a
subprogram called «Development and imple-
mentation of innovative diagnostics, preven-
tion, and treatment procedures as well as ba-
sics of personified medicine»; it envisages
wide use of innovative procedures for diagnos-
tics and treatment.

A goal set within the State Program is to
reduce mortality caused by cardiovascular dis-
eases down to 450 cases per 100 thousand
people by 2024. Issues related to preventing
and treating various microcirculation disorders
are among the most significant ones existing in
current medical practices. Difficulties in exam-
ining microcirculation occur sue to micro-
vessels being too small and vasculatures inside
organs having complicated branching struc-
tures. At present in the RF various procedures
for examining microcirculation in a human
body that involve Laser Doppler Flowmetry
(LDF) are being implemented in clinical prac-
tices. The procedure has some advantages as it
is relatively cheap, suitable for use in digital
medicine and mass medical examinations with
subsequent data transfer into medical centers
via telemetry.

Patients who suffer from oncohema-
tological diseases tend to have complications,
primarily cardiovascular events, instead of
death and disability due to contemporary
achievements in medical practices (timely and
qualitative diagnostics, target therapy, and
monitoring over a patient’s state). Endothelial
dysfunction (ED) is a pathology related to
progressing damage to vessel endothelium that
results in its functional disorders [1]. As a re-
sult there is a failure in regulation of systems
that are responsible for vessels tonus, homeo-
stasis, adhesive cells properties, and vessels
neoproliferation due to imbalance between re-

laxing and constricting mechanisms and be-
tween anti- and pro-coagulant substances pro-
duction, etc.

Myeloproliferative neoplasms (MPNs)
occur due to malignant transformation of
pluripotent hemopoietic stem cells in the bone
marrow and subsequent clonal proliferation of
cells in one or several hemopoiesis branches
(erythroid, myeloid, or megakaryocytic one)
that are differentiating up to their mature
forms [2]. MPNs usually occur in older pa-
tients (average age is 55) with their somatic
state being significantly burdened with car-
diovascular risk factors. Such comorbid states
and factors as atherosclerosis, hypertension,
metabolic disorders, and unhealthy lifestyle
result in much higher risks of cardiovascular
disasters among such patients. Research re-
sults revealed high frequency of thrombotic
complications among people younger than 60
and prevalence of a latent disease at its early
stages. Thromboses in arteries prevail regard-
ing localization; they are predominantly acute
brain circulation disorders and myocardial
infarctions [3]. Mortality due to cerebrovas-
cular diseases is 1.5 times higher among pa-
tients with MPNs than among population in
general [4].

MPNs include essential thrombocythemia
(ET), polycythemia vera (PV), primary mye-
lofibrosis (PMF), and chronic myeloid leuke-
mia (CML).

Polycythemia vera (PV) is an oncohema-
tological myeloproliferative disease that causes
a growth in erythrocytes quantity and, conse-
quently, higher blood viscosity which in its turn
leads to endothelial dysfunction [5]. Secondary
arterial hypertension (AH) occurs in more than
half of patients with PV and is also a risk factor
that can cause endothelial dysfunction (ED).
Arterial hypertension itself is a most significant
medical and social issue. AH occupies one of
the first rank places as a cause for cardiovascu-
lar complications (strokes, myocardial infarc-
tions, etc.) both in Russia and worldwide [6].
According to several research works, patients

' The Public healthcare development: the State program of the Russian Federation. The RF Public Healthcare Ministry.
Available at: https://www.rosminzdrav.ru/ministry/programms/health/info (20.03.2020) (in Russian).
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who suffer from arterial hypertension also have
vascular thromboses in 85 % cases and lethal
risk is 2—5 times higher among them [7-9].

A problem for patients with chronic mye-
loid leukemia (CML) is lifelong necessity to
take tyrosine kinase inhibitors (TKI) that in-
fluence vascular endothelium and it, in its turn,
leads to cardiovascular complications [10-12].
Thus, chemotherapy can be a factor that causes
endothelial dysfunction.

Microcirculation disorders and vascular
endothelium dysfunctions are still a serious
problem for patients with oncohematological
diseases. Taking absolute (true) polycythemia
and chronic myeloid leukemia as an example
we can examine a correlation between patho-
genesis of a disease itself and endothelial dys-
function (ED) development. Blood hyper-
viscosity syndrome that develops due to mye-
loid proliferation in patients with PV leads to an
increase in shear stress on vascular endothelium
and endothelial cells and basal membrane be-
comes disorganized. As a result, mechanisms of
endotheliocytes apoptosis, adhesion, and blood
cells aggregation become active. Disorders in
these mechanisms result in endothelial dysfunc-
tion. On the contrary, in case of chronic mye-
loid leukemia the main role belongs to impacts
exerted by TKI medications on vascular endo-
thelium; and by-effects occurring notably in the
cardiovascular system are explained by non-
selective inhibition of multiple tyrosine kinases.
Impacts on normal tyrosine kinases responsible
for transferring cell signals lead to endothelial
cells dysfunctions [13].

Laboratory procedures based on determin-
ing concentrations of substances excreted by
endotheliocytes are a golden standard for esti-
mating vascular endothelium functions. These
substances include endothelin-1, angiotensin-
II, von Willebrand factor, nitrogen oxide, NO-
synthase, thromboxane, natriuretic peptide,
homocysteine, etc. We should also mention
some indirect markers showing these damages
to vascular endothelium; they are C-reactive
protein, fibrinogen, TNF-a, concentrations of

high density lipoproteins (HDLP), low density
lipoproteins (LDLP), and triglycerides.

Many contemporary authors believe that
early diagnostics of endothelial dysfunction
has a specific role in selecting a strategy for
treating patients with various nosologies aimed
at slowing down progression of adverse effects
in the cardiovascular system [14]. This aspect
is being given a lot of attention in up-to-date
scientific research. Experts are looking for and
developing new procedures for diagnosing en-
dothelial dysfunction at its earliest stages.
LDF, nail bed capillaroscopy and bulbar con-
junctiva capillaroscopy are the most frequently
mentioned techniques in the latest research
works [15, 16].

In order to perform complex assessment
of microcirculatory vessels, experts usually
apply a combination of several procedures in-
cluding LDF, optic tissue oxymetry and pulse
oxymetry. Use of different tests performed un-
der loads allows estimating not only compen-
satory abilities but also early changes in
hemodynamics and specific aspects in micro-
vessels functioning in case there is some pa-
thology. These approaches can be successfully
applied in practical healthcare for dynamic ob-
servations over microcirculatory vessels, ED,
and assessing efficiency of treatment proce-
dures selected for each specific patientz.

Our research goal was to determine
whether it was possible to apply Laser Doppler
Flowmetry (LDF) for early detection and as-
sessing risks of cardiovascular complications
in patients with myeloproliferative diseases.

Data and methods. We were the first to
examine a possibility to diagnose ED at its
early stages basing solely on data obtained via
LDF [17]. LDF is based on optical sounding of
tissues with laser radiation (wave length is
632.8 nm) and analysis of scattered and re-
flected radiation from moving erythrocytes.
Laser radiation reflection from erythrocytes
that move in microvessels results in changes in
a signal frequency and it allows determining
various microcirculation properties (Figure 1).

? Laser Doppler Flowmetry to examine blood microcirculation. Guide for doctors. In: A.I. Krupatkin, V.V. Sidorov eds.

Moscow, Meditsina Publ., 2005, 256 p. (in Russian).
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Capillaries

Receiver

Figure 1. Laser Doppler Flowmetry (LDF) procedure

The procedure has some basic advan-
tages such as simplicity, safety, and cheap-
ness in comparison with expensive invasive
ones. Additional motivation to use LDF is a
possibility to diagnose ED at its early stage,
that is, before any cardiovascular complica-
tions have developed. It is possible due to the
microcirculatory system being one of the
most rapidly reacting to effects produced by
pathologic factors [18].

Recently computer technologies and mathe-
matical models have been widely used to put a
diagnosis as per results of examinations per-
formed on patients. There is a wide range of
mathematical models and computer programs
that allow modeling heart and cardiovascular
system functioning. For example, there are
graph models, difference equations systems,
hemodynamics equations, non-linear economet-
ric models, image identification procedures, and
artificial intelligence procedures [19-23]. Lo-
gistic regression was previously applied in di-
agnosing ED; however, we haven’t been able to
find data on its application for predicting com-
plications in patients with myeloproliferative
neoplasms in available literature sources”.

Then we come to examining predictive
properties of the regression model that in-
cludes 12 parameters (Table 1) measured with
LDF procedure performed with Lakk-OP la-
ser microcirculation analyzer.

Overall, 143 patients were examined;
103 out of them had myeloproliferative neo-
plasms (absolute (true) polycythemia and
chronic myeloid leukemia). These nosologies
were verified with laboratory-instrumental
procedures according to the existing recom-
mendations [24, 25]. In order to determine
endothelial dysfunctions, we quantitatively
determined endothelin-1 in blood serum and
patients with MPNs with endothelin-1 con-
centration being higher than 1.37 fmol/L were
assigned into a group with ED signs.

Our reference group was made up of 40
practically healthy people comparable in
terms of age and sex. In order to exclude in-
fluence exerted by any concomitant pathol-
ogy on vessels endothelium, we didn’t in-
clude patients with chronic heart failure,
stages II and III (classified as per Straz-
hesko-Vasilenko), clinically significant IHD,
other symptomatic arterial hypertension,
acute cerebral circulation disorders and
myocardial infarction during 6 months prior
to the research, chronic bronchopulmonary
pathology, pancreatic diabetes, inflammatory
diseases of the connective tissue, and smok-
ing patients.

Results and discussion. We applied a lo-
gistic regression model to estimate probability
of ED that could cause cardiovascular compli-
cations in the examined patients [26].

? Kurapova M.V. Clinical and diagnostic significance of endothelial dysfunction in patients with chronic kidney disease.
thesis. ... for Candidate of Medical Sciences degree. Samara, 2015, 24 p. (in Russian).
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Table 1
Microcirculation parameters
MC Description Variable
parameter
M Average perfusion X
Kv Blood flow variation coefficient X5
Am/BFR Standardized amplitude of micro blood flow fluctuations associated with X
(blood flow rate) |myogenic microvessels regulation ’
Sm Perfusion oxygen saturation index Xy
RCBF Reserve capillary blood flow X
An/BFR Standardi?ed 'fnnplitude of micrq blood flow fluctuations associated with X,
neurogenic microvessels regulation
Standardized amplitude of micro blood flow fluctuations associated with
Ae/BFR S . X5
endothelial microvessels regulation
I Index of specific oxygen consumption in tissue Xz
D2 Correlation dimension X
Ho Relative entropy X1
R/S Hurst parameter X
BTI Breath test index X
Our initial sampling was divided into a . K
training one and a test one. 60 % people were Y3 (Xn) =B+ ZBkan 3)
k=1

randomly selected to be included into the
training sampling; overall, there were 86 peo-
ple in it, 71 out of them with pathology and 15
people being a reference group. The remaining
57 people (32 patients with pathology and 25
being a reference group) were included into
the test sampling.

Hereinafter we use the following legend:
N is the training sampling volume, K=12 is
a number of parameters, vector of parameters
that are attributed to a case with the number n

Xo=(Xinsooos Xin)s N=LN, (1)

ed is an indicator showing there is endothelium
dysfunciton (hereinafter pathology) that can be
equal to 0 or 1.

We assume that dependence between
pathology probability and the vector of para-
meters can be given with the following
equation:

Plad-11%)= 1[4 (%). @

where

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

is a linear combination of microcirculation
parameters with beta coefficients,

1

and =
1+e¥

f(y) (4)

is a logistic function. A solution to a task of
logarithmic likelihood fucntion maximization
N

L(B):nzz} intn £ (Y (X, ))+ 5

+(1=Jn)In (1= F (% (Xa)))
is a vector of regression coefficients

B=arg mglx L(B). (6)

ED-index concept was introduced as sta-
tistics of classification criterion:

ed.index()?)zf(BOJrZS:ﬁkka (7)
k=1
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Table 2
Significant MC parameters and relevant regression coefficients
MC . Mean, standard error | Mean, standard error Regression | Standard error of
parameter Variable of the mean of the mean coofficient coefficient p-value
(pathology) (reference group)
M X 15,7340,72 18,44+0,34 B, =—0,996 0.285 0.00065466
Kv X, 6,38+1,01 9,0840,73 B, =—0,628 0.153 0.00007332
Am/BFR Xs 0,42+0,02 0,51+0,02 B, =-10,014 3.670 0.00724567
Sm X4 4,29+0,80 5,14+0,27 B, =—1,027 0.324 0.00190552
RCBF Xs 143,81+ 7,60 129,4142,01 Bs =0,061 0.041 0.01402911
B, = 25,001 9.833 0.01218424
At the first stage all the variables were 1-P
included into analysis; the most significant I
ones were determined with reverse exclu-
sion. Then, to provide the maximum precise 0.8
classification, the variables were first ex-
cluded in different combinations at the sec- 0,6 F
ond stage. At the third stage the variables
that were excluded at the first stage were in- 0.4
cluded again. Each time a new model was
compared with the first one via ROC curve 0.2
analysis. As a result, the best model included
five variables (Table 2). 02 04 06 08 1

ROC curves were applied to estimate
quality of diagnostics, to select threshold for
ED-index, and to make comparisons between
different models. The threshold classifier value
¢ =0.887 was obtained basing on a condition
of achieving maximum sum of sensitivity and
specificity. As per ROC analysis results the
obtained diagnostic criterion for the test sam-
pling had sensitivity (1 —f) and specificity
(1 — o) equal to 0.875 (28 truly positive results
out of 32) and 0.96 (24 truly positive results
out of 25) accordingly. Square (SUC) under
ROC curve (Figure 2) amounted to 0.96 and it
was close to the excellent classification quality
(significance of the model was the following:
p<10E-5).

Therefore, regarding hypothesis testing
theory, ED-index was applied as statistics of
testing criterion for a zero hypothesis that
there was no pathology. A condition for select-
ing a threshold value was equivalent to select-
ing Bayesian criterion among criteria with the
said statistics that had a value equal to 0.875 at
significance level being 0.04.

164

Figure 2. ROC curve

The ultimate probability estimation was
determined as piecewise-linear transformation
of ED-index in order to reduce a threshold
value to an expected one equal to 0.5:

P" = g(ed.index), 9)
where
2—);, 0<x<c
9(x)= (10)
X+1=2C L x<l
2(1-c)

Therefore, a certain value P~ > 0,5 corre-
sponded to any ED-index wvalue calculated
with the model and being higher than the se-
lected threshold value ¢=0,887.

When considering the most significant pa-
rameters in the model separately (with relevant
coefficients of significance being lower than
0.005), one should note that a classification

Health Risk Analysis. 2020. no. 3




Assessing risks of developing myeloproliferative diseases complications with laser doppler flowmetry

that separately rested on each of the said pa-
rameters with the same criterion for selecting a
threshold value showed lower results (Table 3)
than the model under consideration.

Table 3

Quality of one-dimensional models
MC .o, . . . .
parameter Sensitivity | Specificity SUV
M 0.72 0.68 0.76
Kv 0.875 0.56 0.76
Sm 0.69 0.72 0.69

A software package was developed basing
on the obtained research results and a copy-
right certificate for it was issued.

Conclusion. Procedures for non-invasive
differential diagnostics of microcirculatory and
main-line vessels pathology based on the latest
technologies are given a lot of attention due to
multiple reasons. Microcirculatory vessels as a

component in the whole circulatory system are
rather vulnerable as per their structure and
functions to external and/or internal threats.
Statistic data collected worldwide clearly indi-
cate that morbidity and mortality caused by
cardiovascular pathology hold the first rank
place. LDF is an up-to-date non-invasive pro-
cedure for assessing microcirculation function-
ing. The procedure is highly sensitive and
manages to grasp subtle changes in microcir-
culatory blood flow.

The obtained results allow concluding that
LDF and the developed regression model have
high diagnostic efficiency for early detection and
assessment of cardiovascular risks in patients
suffering from myeloproliferative diseases.
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