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Computational technology of daily blood pressure monitoring results

comparison in patients with arterial hypertension
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The evaluation of treatment effectiveness and further patient with arterial hypertension (AH) monitoring require the target level of
arterial pressure achievement and its control by means of daily monitoring of blood pressure (DMBP).

Purpose of the work involves development, software implementation and practical approval of computational technology in order
to compare the results of patient’s two daily monitoring of blood pressure.

Material and methods. The open controlled study included 10 patients with AH at the third stage in long term after a cerebral
stroke. Patients were treated according to the regulatory basis. DBPM was conducted using device ABPM-01 (Meditech, Hungary)
twice (before the treatment and after 1 year). Results comparison of the first and repeated DMBP was carried out by means of
proposed computational technology and its own software ArtHyper in which the technology was implemented. The technology is
based on the comparison of DMBP indices distribution functions using the two-sample Kolmogorov test and the Wilcoxon test.

Results. The proposed technology work was demonstrated in terms of two patients. The target level of arterial pressure was
achieved only for the first patient. The majority of DMBP indices distribution for this patient did not change in a year, in other words,
the blood pressure and heart rate remained stable due to the treatment. The level of PBP slightly decreased, but in this case it
was a positive factor. The second patient didn't follow the complete course of treatment and didn’t achieve the target level of blood
pressure. His levels of diastolic blood pressure and heart rate increased.

Conclusions. The computational technology of two patient's DMBP results comparison was developed. Its practical testing was
carried out on real data and demonstrated the effectiveness of technology to detect changes in the second results monitoring and
the possibility of its application for the evaluation of rehabilitation and treatment efficiency in patients with arterial hypertension.

06uKncAlOBaAbHA TEXHOAOTIA NOPIBHAHHA pe3yAbTaTiB A060BOro MOHITOPYBaHHA
apTepiaAbHOro TUCKY B NaLEHTIB 3 apTepiaAbHOIO rinepTeHsieto

0. M. Mauyra, I. B. Apo3aoBa, A. K. AkivioBa

OuiHI0BaHHs! eheKTUBHOCTI NiKyBaHHS Ta KOHTPOIb 3a CTAaHOM MaLjieHTa 3 apTepianbHoto rineptensieto (Al) noTpebytoTb focsr-
HEHHSsI LiNbOBOrO PiBHs apTepianbHoro TUcky (AT) i ioro NiaTBepMKEHHS 3@ 4OMOMOro 40BOBOr0 MOHITOPYBaHHS apTepianbHOro
Tcky (OMAT).

MeTa po6oTu — po3pobka Ta nporpamMHa peanisallis 064mcroBanbHOT TEXHOMONT Anst NOpiBHSHHS pesynbtartie Asox AMAT na-
LlieHTa, a TakoX NpakTyHa anpoballist TEXHOMOrii Ha peanbHUX JaHuX.

Marepianu Ta meToau. Bigkpute KoHTponboBaHe gocnigxeHHs oxonntoBano 10 xsopwx Ha Al Il CT. y BinganeHni TepmiH nicns
nepeHeceHoro MO3KOBOTO iHCynbTY. JlikyBaHHS XBOPUX 34iCHIOBaNN 3rigHO 3 HopMaTuBHOK 6asoto. AMAT BukoHanu Ha anapari
ABPM-1 (Meditech, YropwimHa) ABivi (o novatky nikyBaHHs i yepes 1 pik). Peaynstatv nepLuoro Ta nostopHoro IMAT nopiHsnm
3a JOMOMOIOK0 3anpONoOHOBaHOT 064MCIIOBANBHOI TEXHOMOTT Ta BNAacHOro nporpamHoro 3abesneyeHHs ArtHyper, B sikomy ii pea-
nisysanu. TexHonorist 6a3yeTbCs Ha NOPIBHSHHI PYHKL po3noainis nokasHukis JMAT 3a LonoMOrow ABOBUOIPKOBOTO KPUTEPItD
KonmoropoBa Ta kpuTepito BinkokcoHa.

Pesynkraru. Poboty TexHonorii npoaemMoHCTpyBanu Ha npuknagi ABOX NaLieHTiB, B OQHOMO 3 HIX BAANOCS LOCSITH LinbOBOrO
piBHs AT. Y nepLuoro nawieHTa poanogin 6inbLuocTi nokasHukie JMAT yepes pik He 3MiHUBCS, TODTO 3aBAsAKM NiKyBaHHIO piBeHb AT
i YyacToTa CepLeBUX CKOPOYEHb XBOPOTO 3annLLMANCS Ha cTabinbHOMY piBHI, AeL0 3MeHLUMBCA piBeHb [NAT, ane Le no3uTuBHWA
dhaktop. Y Opyroro nauieHTa, Skui He 4OTPUMYBABCS NPU3HAYEHOrO NiKyBaHHSA 1 He AOCAT LinboBOro pisHs AT, migsuLLmnmnch
piBeHb giactonivyHoro AT i yactota cepLeBnX CKOPOYEHb.

BucHoBkm. Po3pobuny ob4rcritoBanbHy TEXHONOri0 NOpiBHSIHHS pesyrstarie 4sox AMAT navjeHTa. BrikoHanm ii npaktuyHy anpoba-
Liito Ha pearnbHMX AaHuX, WO 3acsinymna echeKTUBHICTb TEXHOMOTIT 4115 BUSIBIEHHS 3MiH Y peayriTatax MoBTOPHOIO MOHITOPYBaHHS
Ta MOXIMBICTb ii 3aCTOCYBaHHS NS OLHIOBAHHSA pesyrnTaTMBHOCTI peabinitalii Ta nikyBaHHS XBOPYX Ha apTepianbHy rinepTeH3ito.

BbluncauTeAbHas TEXHONOTUSA CpaBHEHUA pe3yAbTaTOB CYyTOYHOIM0 MOHUTOPUPOBAHUA
apTepuanbHOro AaBA€HUA y NnalUeHToB C apTepMaI\bHOﬁ runepTeH3uel7|
0. H. Mauyra, U. B. Apo3poBa, A. K. AkumoBa

OueHKa ahPeKTUBHOCTY TEYEHUS M KOHTPOSb 3@ COCTOSIHEM BONMBHOTO apTepuanbHOM runepTeHauei (AlN) TpebyroT JOCTUKEHNS
LIereBoro YpoBHsi apTepuanbHoro Aasnerust (ALl) 1 ero npoBepku ¢ MOMOLLBK) CYTOYHOIO MOHUTOPUPOBAHWS apTeprarnbHOro
faenenus (CMAL).

Llenb pa6oTbl — pa3paboTka 1 NporpaMMHasi peann3aLyis BbIYMCTIMTENbHOWA TEXHOMOTUM ANt CPABHEHWS PE3YTbTaToB [BYX
CMA[ nauueHTa, a Takke npakTnyeckas anpobaLmsi TEXHONMOMM Ha pearbHbIX AaHHbIX.
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Marepuans! u Mmetoabl. OTKPbITOE KOHTPONMPYEMOe WccrenoBaHre oxaatbiBano 10 6orbHbIX apTepuansHoi rnepteHsueit Il
CTau B OTAANEHHBIA CPOK NOCHE NEPEHECEHHOTO MO3rOBOTO MHCYNbTA. JledeHune 60MbHbIX OCYLLECTBSNN COrNacHoO HOPMAaTUBHOM
6asze. CMA[] npoeogunnu Ha annapate ABPM-01 (Meditech, BeHrpus) apaxabl (4o Hayana neyexns v vyepes 1 rog). Pesynsratsl
nepsoro 1 nosTopHoro CMA[] cpaBHWBanM ¢ MOMOLLbHO MPEANOKEHHO BbIYMCITENBHO TEXHONOTMM M COBCTBEHHOTO Nporpamm-
Horo obecneyeHns ArtHyper, B kOTOpoM ee peanu3oBanu. TexHornorust 6asvpyeTcs Ha cpaBHEHUN OYHKLMIA pacnpeneneHus
nokasatenet CMA[L ¢ noMoLLbto ABYXBbIGOPOYHOTO KpuTepust Konmoroposa v kputepusi BunkokcoHa.

Pesynbkratbl. PaboTy npeanoxeHHON TEXHONOrMM NPOAEMOHCTPUPOBANM Ha NPUMEPE [BYX MaLUEHTOB, Y OAHOMO M3 KOTOPbIX
yaanochk AOCTHYb Lienesoro ypoBHs ALL. Y nepBoro naumeHTa pacnpeaeneHue 6onbwmnHcTea nokasatenen CMAL yepes rog He
M3MeHMock, To ecTb Bnarogaps neveHnto yposeHb Al 1 YactoTa cepaeyHbIX CokpalLeHuii BonbHOro octanuck Ha cTabunb-
HOM YPOBHE, HECKOIBbKO M3MeHWncst ypoBeHb MAL, HO 37O Obino NO3nNTMBHBIM (HaKTOPOM. Y BTOPOrO MauueHTa, KOTOpbI He
NPUAEPXKMNBANCS Ha3HAYEHHOTO NIeYeHNs U He JOCTUr LieneBoro YpoBHs All, BeIpocnu ypoBeHb anactonnyeckoro ALl n yactota
cepaeYHbIX COKpaLLeHUi.

BbiBogbl. PaspaGotaHa BbluMCUTENbHAs TexHomomsl cpaeHeHust asyx CMA[ nauuenTa. MposegeHa ee npakTuyeckas
anpobauys Ha pearbHbIX AaHHBIX, KoTopasi NoATBepAUNa 3dhheKTUBHOCTL TEXHOMNOMM ANS YCTAHOBNEHNS) U3MEHEHNI B
pesyrisTatax NoBTOPHOrO MOHUTOPUPOBAHMS! 11 BO3MOXHOCTb ee NMPUMEHEHIS! A4S OLIEHKW Pe3yrbTaTUBHOCTM peabunutauum

1 fledeHnst GOMbHBIX apTeprarnbHOM rnepTeHameit.

Daily monitoring of blood pressure (DMBP) is a modern
and effective method used for diagnosis and evaluation
the effectiveness of arterial hypertension treatment (AH)
[2,4-6]. Currently, the methods and software have been
developed for analysis of DMBP results with the purpose
of arterial hypertension diagnosis [3,4,7,8]. However,
the treatment effectiveness and the further patient’s
condition assessment require blood pressure re-monitoring
and comparison of these results with previously obtained
ones. Usually the comparison is limited to DMBP indices
values comparison. But differences in the values can
be insignificant and caused by chance. So, such kind of
comparison cannot be considered as acceptable. This
work is aimed at developing a more effective and objective
technology in order to compare a patient’s two DMBP
results.

Purpose

Purpose of the work involves development, software
implementation and practical approval of computational
technology in order to compare the results of patient’s two
daily monitoring of blood pressure.

Materials and methods

10 patients were examined in the State Institution “Ukrainian
State Scientific and Research Institute of Medical and
Social Problems of Disability”. Inclusion criterion for study
was essential hypertension at the 3 stage in patients
aged 30-59 years. Exclusion criterions were secondary
form of arterial hypertension, renal artery stenosis,
permanent atrial fibrillation, severe disturbances of liver
and kidneys functions, myocardial infarction, cardiosurgical
interventions, uncompensated diabetes, presence of
comorbidities that could affect the survival and quality of
patients life within 3 months, treatment refusal. All patients
received information for patients and signed an agreement
on consent to participate in the study.

Arterial hypertension was diagnosed according to
the requirements of the normative documents currently
in force: “Resolution and Clinical Report of Medical
Care: Arterial Hypertension”, guidelines of the Ukrainian
Association of Cardiologists (2013), guidelines of
the European Society of Cardiology (2013), adapted clinical
resolution “Modern Principles of Diagnosis and Treatment

of Patients with Acute Ischemic Stroke and TIA” and unified
clinical report of medical care “Ischemic Stroke”.

DMBP was conducted in all patients by means of
the conventional method using device ABPM-01 (Meditech,
Hungary) [4-6]. During the day five parameters were
recorded: systolic blood pressure (SBP), diastolic blood
pressure (DBP), pulse blood pressure (PBP), average blood
pressure (BP) and heart rate (HR). The measurements were
carried out in the following way: during the day — every 15
minutes and at night (from 22.00 to 6.00) — every 30 minutes.
Patients led a normal lifestyle and experienced regular
physical and psycho-emotional stresses [4—6].

One year later DBPM was carried out using the same
device.

The question arises as to whether patients’ condition
has changed in a year, and whether medical treatment
was effective.

The computational technology to compare the first and
second DMBP patient’s results was suggested in order to
have this question answered.

The following considerations were used in
the technology development. DMBP indices for processing
are not constant throughout the day. Firstly, they fluctuate
due to physiological factors, for example, blood pressure at
night is always lower, and secondly, they are influenced by
random external factors such as stress, weather changes
and so on. In view of the random effects, DMBP indices
can be recognized as random values and hereby it is
possible to consider their probability distribution. Then, in
order to check the changes in DMBP indices of the patient
after re-examination, it is advisable to check whether
the distribution function changes. These considerations
make it possible to suggest the computational technology
to compare the distribution functions of the DMBP
indices.

For each of the five DMBP indices the computational
technology involves the following steps:

1. To build an empirical distribution functions [1,9] for
the selected index according to the information of the 1¢
and 2™ blood pressure monitoring.

2. To compare the distribution functions of the indices
during the 1¢tand 2 monitoring by means of the two-sample
Kolmogorov test [1,9]. If provided by the given significance
level a inequality P < a holds true, it can be argued that
distribution function of the index during the 2" monitoring

3anopoxckuii MeguumHekui xypHan. Tom 20, Ne 3(108), mait — noHb 2018 .



Original research

- 09 = c 0.9 a3
2 — S
% 0.8 et 5 0.8 =
f= - f= =
207 = 207 N
= - = = )
S06 - S 06 =
S - _- =3 -
205 — 205 —
S 04 — S 04 e
Sos = So3 =
= = = =
2 0.2 - go02 =
0.1 L o ==
90 100 110 120 130 140 150 160 170 180 50 60 70 8 90 100 110
SBP DBP
Empirical distribution function of SBP Empirical distribution function of DBP
_ 08 = c 09 L=
s = s —
0.8 e 0.8 T
- f= —_ -
207 - Z07 -7
L = T
S 0.6 s S06 -
=T 3 = -
205 : 205 s
304 == 204 -
Sos -~ Sos T
= = h= - -
L%‘ 0.2 T Zo2 T
01 i W £

70 80 90 100 110 120 130 140 30 35 40 45 50 55 60 65 70 75 80 85
BP PBP

Empirical distribution function of BP Empirical distribution function of PBP

o
[}
'

04
0.3}

| distribution
o
[4,]

P!
<o
o

mpirica

Yot =

50 60 70 80 90 100 110 120 130 140 150 160 170

HR
- 1st monitoring - 2nd monitoring

Empirical distribution function of HR

Fig. 1. Empirical distribution functions of the indices of the 1%t and 2" DMBP for the first patient.

significantly differs from the function that took place during Results and discussion
the 1%t monitoring. In this case one shall proceed to step

o o ) By means of ArtHyper software the practical testing of
3. Otherwise, it is assumed that the distribution function

the proposed technology on real data was conducted. As an
doesn’t change. example, the results are provided below for two patients —one,

3. To check whether the differences in the distribution  who followed the prescribed medical treatment, and the other,
functions of indices are explained by the shift and, if so, who didn't follow it completely. During the application of

the distribution function for the 2" monitoringis shifted leftor ~ all the tests, a = 0.05 was used. The empirical distribution
right relative to the distribution function for the 1¢'monitoring, ~ functions of the SBP, DBP, PBP, BP, HR were constructed

For this purpose it is possible to apply the non-parametric for the patient who followed the prescribed medical
- . treatment in accordance with the 1 and repeated DMBP,
statistical test such as the Wilcoxon test [1,9].

_ o see Fig. 1.
The proposed computational technology is implemented According to the two-sample Kolmogorov test results,

in its own software ArtHyper written in the C# programming  the distribution functions of PBP for two monitoring
language in the environment Microsoft Visual Studio 2012. processes differed significantly and for the other indices
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Fig. 2. Empirical distribution functions of the indices of the 1 and 2* DMBP for the second patient.
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they were equal (Table 7). According to the Wilcoxon test
results (Table 2), the distribution function of PBP obtained
during the second DMAT shifted left as compared to another
that took place during the first patient's examination. This
indicated that the PBP level had declined in a year.

Consequently, most of the DMAT indices distribution
for this patient did not change in a year, in other words,
the blood pressure and heart rate of the patient remained
stable due to the treatment. The level of PBP slightly
decreased, but in this case it was a positive factor.

For the patient who didn’t follow the complete course
of treatment the empirical distribution functions of the SBP,
DBP, PBP, BP, HR were constructed according to the 1t and
repeated DMAT, see Fig. 2.

- 2nd monitoring

Results of the indices distribution comparison by
means of the two-sample Kolmogorov test suggest that
the distribution of SBP in a year remained unchanged
and the distribution of four other indices changed (Table
3). Herewith in accordance with the Wilcoxon test results
(Table 4), we might as well say that the distribution functions
of DBP, BP and HR in a year turned out to be shifted right
in comparison with those that occurred at the beginning.
Consequently, the level of these indices increased in a year.
The distribution function of PBP turned out to be shifted left,
that sounds logically in this case.

Thus in a year the patient's condition became worse.
The levels of diastolic blood pressure and heart rate
increased.
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A similar study was conducted for another 8 patients. Table 1. The two-sample Kolmogorov test results for the first patient
The conclusions regarding the condition of all 10 patients
derived from the application of the proposed technology

of the 1% and repeated DMBP results comparison were

Conclusions about the equality

of distribution functions of the indices
during the 1%t and 2" monitoring

confirmed by an additional medical patients’ examination. SBP 1.041 0.771 0.229 Distribution functions are equal
The conclusions were confirmed to be correct and justified. DBP 0.454 0.014 0.986 Distribution functions are equal
This suggests that the technology may be effective for BP 0.651 0.209 0.791 Distribution functions are equal
the evaluation of rehabilitation and treatment efficiency. PBP 1.391 0.958 0.042 Distribution functions are different

HR 1.134 0.847 0.153 Distribution functions are equal
Conclusions

The computational technology of two patient's DMBP results
comparison was developed and implemented in its own
software ArtHyper. The technology is based on distribution
functions of the DMBP indices comparison using the two-
sample Kolmogorov test and the Wilcoxon test. Its practical

Table 2. The Wilcoxon test results for the first patient

Conclusions about the shift

of distribution functions of the indices
during the 1% and 2" monitoring

testing was carried out on real data and demonstrated SBP 88275 1422 0155 There s no shif
the effectiveness of technology to detect changes in Esp ;?2;5 ;)0'503?;9 g:gg ﬁ:e'e o S:'g
the second results monitoring and the possibility of its : : : ere 1S o St

o ) e PBP 3463 2183 0.029 Left shit
application for the evaluation of rehabilitation and treatment. . .
HR 2801 -1.532 0.126 There is no shift

Further researches can be directed to carry out
computational technology practical testing for a large

number of patients.
Table 3. The two-sample Kolmogorov test results for the second patient

Conclusions about the equality

Conflicts of Interest: authors have no conflict of interest to declare. A ESTO . _
KoHAIKT iHTepeciB: BiaCyTHil. of distribution functions of the indices

during the 1%t and 2" monitoring

SBP 0.868 0.562 0.438 Distribution functions are equal
Information about authors: DBP 2.295 1 0 Distribution functions are different
Matsuga O. M., PhD, Associate Professor of the Department BP 1.840 0.998 0.002 Distribution functions are different
of Mathematical Support of Calculating Machines Department, PBP 2439 1 0 Distribution functions are different
Oles Honchar Dnipro National University, Ukraine. HR 2.853 1 0 Distribution functions are different

Drozdova I. V., MD, PhD, DSci, Head of the Department of Medico-
Social Examination and Rehabilitation in Internal, Nervous
Diseases and Psychosomatic Disorders, State Institution
“Ukrainian State Institute of Medical and Social Problems

of Disability Ministry of Public Health of Ukraine”, Dnipro.
Akimova A. K., Graduate Student, Oles Honchar Dnipro National
University, Ukraine.

Table 4. The Wilcoxon test results for the second patient

Conclusions about the shift of

distribution functions of the indices
during the 1¢t and 2" monitoring

Biaomocti npo asropis: SBP 32345 0913 0.361 There is no shift
Mauyra 0. M., kaHA. Texri. Hayk, AOEI,EHT |§a¢. MaTeVMaT.MHHOFO DBP 21535 5016 0 Right shift
3abe3neyeHHs EOM, AHINPOBCHKMI HaLiOHaAbHUI YHIBEPCUTET
iMeHi Oaecs I'OHuapa, pra’l’Ha. BP 2440 -3.445 0.001 Right shift
Apo3poBa I. B., A-p MeA. HayK, CTapLLWit HayKOBMIA CMiBPOGITHUK, PBP 3928 4717 0 Left shift
KEPIBHUK BIAAIAY MEAMKO-COLLIAABHOT EKCTepTH3N Ta peabiniTaLi HR 2049 -5.589 0 Right shift
NpY BHYTPILLHIX, HEPBOBMX XBOPOBAX i NCUXOCOMATUYHMX
po3napax, AY <YKpaiHCbKWA AepXaBHUIA HayKOBO-AOCAIAHWI
iHCTUTYT MEAMKO-COLLianbHUX NPobAeM iHBaniaHOCTI MO3 YkpaiHu»,
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