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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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The world’s leading cause of morbidity and mortality is isch-
emic heart disease [2,48]. Physical activity (PA) is one major
aspect in prevention and therapy of ischemic cardiovascular
disease. Several recommendations and guidelines have been
established to guide physical activity (PA) in these patients
[4,15,16,22,27,32,39]. However, recommendations include 2-5
sessions per week with a duration of 20 to 60 minutes each and
an intensity of 50% of the maximum heart rate (HR) for endur-
ance training [16,32]. In Germany, the health insurance compa-
nies cover the costs for participation in heart rehabilitation sport
groups for 90 units (regular duration) over a period of 30 months
[6]. Thus, according to previous mentioned recommendations
it is necessary for patients to perform training sessions without
attended monitoring as established during PA in rehabilitation
sport groups. In this context self-monitoring of HR comes into
play to guide intensity of non-supervised PA. While mobile HR
monitoring with a chest band was gold standard for a long time,
in 2013 the first wrist-worn HR monitor continuously measur-
ing HR without chest band appeared on the ISPO (international
sporting goods trade fair, Munich, Germany). The Mio Alpha,
released by Canadian developer Physical Enterprise, was gradu-
ated as ‘product of the year’ [40].

In contrast to HR monitors with chest band measuring electric
impulses directly over the heart according to the principle of
electrocardiography (ECG), wrist-worn devices are able to de-
termine pulse rate at the wrist utilizing photoplethysmography,
which is a simple optical measurement technology operating
with a light source and photodetector to determine volumetric
variations of blood circulation in microvascular bed of tissue to
derive pulse rate [5].

Light emitting diodes as well as an opto-electronical sensor
are installed at the bottom of HR monitors. LEDs emit either
green (wavelength of 490-575nm) or red (650-780nm) light
impulses that shine approximately three to four millimeters
percutaneously. Due to specific algorithms, processing data of
reflected light, the HR monitor is able to establish a continuous
measuring of pulse rate [1,42].

Henceforth, various manufacturers installed the technique of
photoplethysmography for HR monitoring into so-called wear-
ables evolving a new market [21]. Meanwhile, these models are
not merely able to measure HR but also offer functions of other
activity monitors, such as pedometers, accelerometers, and GPS
to provide an individual estimation of activity intensity and en-
ergy expenditure [43].

According to the estimates by IDC (International Data Corpo-
ration) the Market of wearables will prospectively increase from
113.2 million devices in 2017 to 222.3 devices in 2021 with an
annual growth rate of 18.4% [19].

In the present comparative study the accuracy of HR monitor-
ing of seven fitness trackers and smartwatches of popular manu-
facturers is examined in patients attending supervised cardiac
rehabilitation training. Following devices were included: Gar-
min Forerunner 35, Mio fuse, Fitbit Charge HR (FibitHR), Fitbit
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Surge (FitbitS), Apple Watch (Series 1) and an inexpensive prod-
uct distributed by an online electronic shop (Pearl Fitness-Tracker
FBT-50.HR PRO.V4). Furthermore, Withings was included as
device with different measuring principles using light of different
wavelengths and measuring at the fingertip instead of the wrist.
Aim of the study was the comparison of display HR readings to
actual HR measurements as delivered by gold standard ECG.

Material and methods. Following institutional review board
approval this study was conducted in accordance with the Hel-
sinki Declarations and European Union’s Convention on Human
Rights and Biomedicine. The study was performed at the Insti-
tute of Sports Medicine at Hannover Medical School, Hannover,
Germany. Patients in cardiac rehabilitation sport groups were
asked to participate by wearing a wrist-worn HR monitor dur-
ing exercising after oral and written consent. Inclusion criteria
were age >18 years and a sinus rhythm on the electrocardio-
gram (ECG). Exclusion criteria were atrial fibrillation on ECG,
pregnancy, or participation in other studies during the last three
months. Patients with atrial fibrillation (AF) were excluded to
minimize bias produced by pulse loss caused by AF [30].

Devices

Garmin Forerunner 35

Garmin features functions of a GPS, accelerometer and an HR
monitor, based on Garmin’s own elevate-technology (Forerun-
ner® 35 | Garmin, no date). The optical HR sensor utilizes three
LEDs and an electro-optic lens enabling continuous HR moni-
toring. Frequency of measurements depends on user’s activity.

Mio Fuse

Mio features functions of a triaxial accelerometer and an HR
monitor, based on the patented technology of Mio Global in co-
operation with Philips Electronics Technologies Research [34].
HR monitoring is enabled by two LEDs and an electro-optic
lens, measuring the blood flow of capillaries and processing data
due to a complex algorithm to a continuous HR [33].

Fitbit Charge HR

FitbitHR features functions of a 3-axis accelerometer, an al-
timeter and an HR monitor, based on Fitbit's own PurePulse
technology [9]. Due to green LED light, being absorbed and re-
flected by the skin, both FitbitHR and FitbitS are able to detect
changes of blood flow. The so-called “PurePulse” technology
uses the data processing a continuous HR [10].

Fitbit Surge

In addition to the function of an altimeter, triaxial accelerom-
eter and an HR monitor of its predecessor FitbitHR, FitbitS also
features functions of a GPS and a triaxial gyroscope. The tech-
nology of HR monitoring of FitbitS is also based on Fitbit's own
PurePulse technology with green LEDs and an opto-electronical
sensor [41].

Withings Pulse™ Ox

Withings features functions of a triaxial accelerometer, gyro
sensor, altimeter and an HR monitor [47]. The HR monitor uses
an opto-electronic sensor and in contrast to wrist-worn devices,
red LEDs to measure HR at the fingertip of the index finger.
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The sensor detects slight variation in color of the skin that are
synchronous to the user’s pulse [17].

Apple Watch Series 1

Apple features functions of an accelerometer, gyro sensor and
an HR monitor [3]. Apple uses green LEDs and light-sensitive
photodiodes, which determine HR according by photoplethys-
mography. To compensate low signal levels, Apple is able to
raise brightness and scanning frequency [20].

Pearl Fitness-Tracker FBT-50.HR PRO.V4 (Pearl FT)

Pearl is a distributor of inexpensive technical products. Pearl
provides a continuous HR monitoring featured by two green
LEDs and a photoelectrical sensor [38].

Procedures. During routine exercise in cardiac rehabilitation
groups participants performed training on bicycle ergometers
and were routinely connected to an ECG (Ergoline ERS 2, Ergo-
line GmbH, Bitz, Germany). To ensure that HR monitors were
worn adequately, the devices’ correct placement was confirmed
by the same examiner on every participant complying with the
manufacturer’s instructions. Most manufacturers recommend
to wear the HR monitor two to three finger’s breadth proximal
to processus styloideus ulnae [37]. The devices were attached
close-fitting to prevent movement, without limiting circulation.
Jewellery and watches were removed to limit bias. In addition,
the patients were asked to grab the handlebar and to sit upright.
The bicycle ergometer protocol lasted 20 minutes with a 4 min-
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utes warm-up of increasing resistance and a 16 minute constant
load phase, followed by 2 minutes of cool-down. In the course of
rehabilitation, the workout resistance was individually adapted to
the state of health and performance level of every participant. To
avoid errors from readout of measured values, every measurement
was supervised by the examiner. Display HR readings as well as
ECG HR values were recorded simultaneously at six predefined
time-points during training: at minutes 0, 4, 8, 12, 16, and 20.

Data analysis was performed utilizing Microsoft Excel for
Windows (Microsoft, Redmont, WA, USA) and GraphPad
Prism 6 (GraphPad Software, La Jolla, CA, USA). Data are dis-
played as meantstandard deviation (SD) and the range as ap-
plicable. Distribution of gender was tested by a chi-square test.
Differences of load during training (in watt during constant load
phase), age and heartrate were compared by a one-way ANOVA
for unrepeated measures with Tukey post-hoc analysis to assess
differences between the groups.

To analyze correlation and to demonstrate accuracy, Pearson’s
correlations and Bland-Altman-Plots were prepared after posi-
tive testing of normal distribution by a Kolmogorov Smirnov
test. A p value below 0.05 was considered to be significant. Cor-
relation was assigned into three different groups: excellent, rea-
sonable, and poor. A coefficient of determination (R square - R?)
above 0.95 was considered to be excellent, while a R? from 0.95-
0.85 was considered to be reasonable and below 0.85 to be poor.
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Fig. 1 (panels A-G): Bland-Altman-Plots of results. Dots display calculated differences between measurements.
X-axis indicates HR as assessed by ECG. Y-axis shows differences of HR readings between ECG and devices.
Dotted lines indicate upper and lower 95% confidence intervals as well as average difference between HR readings
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Fig. 2 (panels A-G): Pearson’s correlation of measurements. The coefficient of determination (R?)
for each correlation is displayed inside each panel

Results and discussion. Every device has been tested on 35
patients, collecting 210 measurements, respectively. Thus, 1470
HR measurements were recorded across all devices. Average
age of participants was 69.6 y.o. (range 48-88 years); all had
cardiac underlying diseases, but nevertheless a sinus rhythm.
104 participants were male, and 54 were female without differ-
ences between groups. Average HR has been 96bpm (£14.5bpm;
range 56-141bpm) without differences between groups. Average
constant load was 67.8W (£25W; range 10-110W) with no dif-
ferences between groups.

Accuracy of measurements is displayed in Bland-Altman-
Plots of differences between measurements of ECG and HR
monitors (Fig. 1).

Correlation of measurements is shown in Fig. 2. According
to the coefficient of determination (R?) excellent correlation be-
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tween measurements was attained by Apple (R=0.9819), Mio
(R>=0.9787) and Garmin (R*=0.9567). Reasonable correlation
was shown by FitbitHR (R*=0.9066), Pearl FT (R>=0.8794),
and FitbitS (R>=0.8713), while Withings (R=0.0596) presented
poor correlation.

Aim of this study was to validate results of up-to-date wrist-
worn HR monitors during supervised cardiac rehabilitation
training in comparison to ECG-monitoring as existing gold stan-
dard under clinical conditions.

According to Terbizan et al., suggesting a minimum correla-
tion of 0.9 in 2002 is acceptable for the use by a recreational
athlete without any medical application [44]. Accuracy of the
seven tested HR monitors can be subdivided into three groups:
Apple, Mio and Garmin performed with excellent correlation to
ECG results and thus are of possible value for cardiac patients.
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FitbitHR, FitbitS, and Pearl FT exposed reasonable correlations
to ECG standard, meeting criteria for recreational use. Withings
achieved poor correlation to ECG, which cannot be accepted for
use in cardiac patients, nor even for recreational use.

The rapid technical progress brought highly sophisticated
electronic devices such as wrist-worn HR monitors into our
lives. Before wrist-worn HR monitors came onto market in 2013,
chest straps had been indispensable for monitoring of HR under
non-clinical conditions. Introducing photoplethysmography for
HR monitoring as an uncomplicated alternative, monitoring of
HR in daily life became accessible and attractive for everyone.

Even though, wearables were created for recreational use, self-
assessment of HR in cardiac rehabilitation patients is of great need,
since ECG monitoring can be achieved during supervised training
only as stated above. Thus, monitors are used in a more medically
applied manner for monitoring of vital parameters when training is
performed outside the rehabilitation units and thus, reliability and
accuracy become even more important [29].

Few studies have shown that HR interval analysis by HR moni-
tor based on chest straps provide excellent results with differences
functionally not relevant [14]. Our study aimed at comparing seven
different wrist-worn HR monitors in cardiac rehabilitation patients
to ECG in conditions approximated to the reality trial. In contrast
to some previous studies, we used ECG as reference measurements
instead of using HR monitors with chest strap [28,29].

Our study revealed that the best results were attained by Ap-
ple, Mio and Garmin. Similar to our study, Dooley et al. found
the highest congruence with ECG for Apple [29]. Our findings
show better results for the HR monitor of Garmin compared to
FitbitHR, which was contrary to Dooley’s results. In fact, we
were testing the Garmin Forerunner 35, while Dooley et al. has
been testing Garmin Forerunner 225. Both, the excellent results
for Apple and Mio are also supported by the study of Hough et
al., having tested wrist-worn HR monitors on cycle ergometer
against a chest-worn HR monitor by Polar [18].

The following devices: FitbitHR, Pearl and FitbitS, showed
reasonable results with correlations to ECG standard. To some
extent, the results are comparable to a previous study that
showed reasonable results for FitbitHR (r=0.933), having been
tested during a 30-minute treadmill protocol under walking and
running intensity [43]. Another study, conducted by Jo et al. test-
ed FitbitHR and FitbitS as well. In this study FitbitHR (r=0.85)
also performed better than FitbitS (r=0.77). A further issue is
that Jo et al. compared both HR monitors in different sports ac-
tivities, such as running on treadmill, climbing stairs and plyo-
metric activities [24]. Pearl FT has not been tested yet in any
other studies as mentioned above. In a previously published re-
search letter by Wang et al. three of the devices tested here were
examined in young, healthy adults exercising on a treadmill with
comparable findings [45]. However, they state that cardiac pa-
tients increasingly rely on such devices, but neither test subjects
nor intensity was comparable to cardiac patients in their study.
Thus, we adopted methods to cardiac rehabilitation patients to
assess reliability in a closer to life setting.

Although, Withings is mentioned in studies by Kaewkannate
et al., Ferguson et al. and Kooiman et al., HR measurement ac-
curacy has not been tested [8,25,26]. There are versatile rea-
sons for the unsatisfactory results of Withings. Possible reasons
could be difficult handling of a technique sensitive device dur-
ing physical activity (e.g. movement between sensor and finger
during exertion on bicycle ergometer), or the use of red light
instead of green light, which is discussed in more detail below.
Furthermore, influences of the converting algorithm of the PPG
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signal into HR measurements or differing data collection rates
are conceivable.

Accuracy of HR monitoring by photoplethysmography may
be influenced by the wavelength of the HR monitor. Past stud-
ies have shown that in contrast to red light (wavelength 650-
780nm), green light (wavelength of 490-575nm) displays su-
perior modulation being relatively free from motion artefacts
[7,23,31]. The reason is that the maximum penetration depth of
red light is substantially higher than that of green light leading to
more motion artefacts, which is in line with our findings. While
Withings utilizes red light it performed worst even though used
wavelength might not be the only reason for poor correlation
with electrocardiogram, but also handling of Withings by mea-
suring at a finger tip.

Based on the technique of photoplethysmography itself
the use of such HR monitors in cardiac rehabilitation patients
should be evaluated with care. Only the peripheral pulse can
be detected causing system dependent limitations for the use
of wrist-worn HR monitors [1]. In cases of sinus rhythm, the
photoplethysmography can provide accurate values. Thus, HR
of patients with disorders of stimulus conduction of the heart
normally is not an accurate measurement [30]. Nevertheless, a
recent study has shown that photoplethysmography based HR
measurement in presence of atrial fibrillation as a common heart
rhythm also can be detected, but appropriate hard- and software
would be crucial [35]. Further studies are necessary to prove
this. However, for reduction of bias we decided to exclude pa-
tients without sinus rhythm from the study.

There are many aspects to consider in purchase decisions be-
tween tested wearables. One is definitely the price. The tested
devices range from around 40€ (Pearl) to 500€ (Apple). A low
budget device (like Pearl) has not been tested and compared to
major brands in any studies before. It seems remarkable that ac-
curacy of the tested low budget device was found acceptable.
Without achieving excellent results of Apple, Mio and Garmin,
Pearl’s results were still comparable to the FitBit major brand
results. However, since we investigated HR monitoring only,
and no other features of the devices included in highly com-
plex smart watches (e.g. Apple) the prices are hard to compare
and cannot be the only factor to consider for purchase decisions.
Based on our study, we can only give recommendations accord-
ing to accuracy of the tested parameters.

Limitations. Wrist-worn HR monitors were carefully attached
to the patient’s wrist according to manufacturer’s instructions.
However, too small or very large wrists could present as a prob-
lem for placing the HR monitor as needed. Moreover, unusual
amount of subcutaneous fat could lead to problems with light ab-
sorption on which the photoplethysmography principle is based.
In addition, poor peripheral perfusion could cause insufficient
signaling including patients with low blood pressure as well as
high temperature differences of the environment, reducing pe-
ripheral blood supply, too [11]. Moreover, former studies have
shown that different skin types do have a different capability
of light reabsorption, which might lead to divergent results [7].

Since we tested during the cardiac rehabilitation courses, the
patients were only using bicycle ergometer under controlled
conditions. While performing other more plyometric exercises
such as running, swimming or climbing, relating to more motion
of the wrist, the results may vary. Jo et al. have shown distinct
results with motion artefacts for exercises of high intensity and
rapid motion [24]. Consequently, rapid motion of the wrist dur-
ing sports activities seems to correlate with more deviated mea-
surement results compared to ECG [13,23,42].
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The comparison of wrist-worn HR monitor and ECG could
lead to a methodical delay in measurements caused by the la-
tency period needed by collecting and processing data and the
anatomical location of measurements at wrist (wrist-worn HR
monitor) and at chest (ECG). Latency period varies from model
to model and can last up to two to five seconds. There is no
information furnished by manufacturers about latency period
of the models. The anatomical reason for delay depends to a
large extent on arm length, elasticity of the arteries and volume
mass of the blood, which approximately ranges from 0.05sec
to 0.25sec and, to a minor extent, on the velocity of the cardiac
conduction [36,46]. Since the subjects were exercising constant
endurance activity instead of interval training and we were man-
ually collecting the data in our test setup every four minutes, we
consider this not to be of clinical relevance.

Furthermore, gold standard of data assessment of the HR
monitors would be a comparison of beat-by-beat accuracy.
However, since our purpose was to provide a practical advice,
what kind of HR monitor would be useful, we compared the data
that are available to the consumer - our patients. Therefore, clas-
sification of display readings is of higher value, in our opinion.
Moreover, manufacturers of HR monitors do not guarantee ac-
cess to the raw data of HR monitoring.

A further limitation of this study is the rapidly fluctuating
market requirements. Manufacturers are constantly updating
their devices, both software by updates and hardware due to new
models. The devices we tested might have outdated software
and hardware. Scientific studies examining HR monitors are not
able to keep up with the volatility of the markets and to present
results of new models until later ones appear on the market.

Conclusion. This study investigated the accuracy of HR mon-
itoring on bicycle ergometer of seven wrist worn wearables of
different manufacturers in cardiac rehabilitation patients during
bicycle ergometer activity. The results of this study are encour-
aging and point out the potential beneficial use with accurate
measurement of HR for non-supervised PA in the following de-
vices: Apple, Mio and Garmin, which showed excellent accu-
racy. However, the use of FitbitHR, Pearl and FitbitS may also
be beneficial with at least reasonable results, whereas Withings
showed poor results and cannot be recommended.

Further studies are needed to assess functioning outside of
controlled environments in daily life and during different activi-
ties. Furthermore, especially in cardiac patients, HR monitoring
in presence of arrhythmia and arrhythmia detection would be
desirable. Thus, application of such devices in cardiac patients
can be of great value but should be recommended with care.
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COMPARISON OF WEARABLES FOR SELF-MONI-
TORING OF HEART RATE IN CORONARY REHABILI-
TATION PATIENTS
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The leading cause of morbidity and mortality in the world
is ischemic heart disease. Physical activity is a major ap-
proach in prevention and therapy of cardiac diseases. Self-
heart-rate-monitoring in daily life is an important point for
health awareness of cardiac patients. Aim of this study was
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validation of measurement accuracy of seven different de-
vices against ECG-monitoring during cardiac rehabilitation
training on a bicycle ergometer.

Tested devices were: Garmin Forerunner 35 (Garmin), Mio
Fuse (Mio), Fitbit Charge HR (FitbitHR), Fitbit Surge (Fit-
bitS), Withings Pulse™ Ox (Withings), Apple Watch Series 1
(Apple) and Pearl Fitness-Tracker (FBT-50.HR PRO.V4). All
devices were tested on 35 participants with six timed mea-
surements during 20 minutes constant load bicycle ergometer
workout for each. Simultaneousely, ECG measurements were
recorded. Pearson’s correlations were assessed.

Apple, Mio, and Garmin showed excellent accuracy with
close correlation to ECG for self-monitoring of heart rate (HR)
during cycling. FitbitHR, Pearl and FitbitS presented reasonable
results. In contrast, Withings showed poor correlation to ECG
with significant differences.

We found significant differences between the tested devices.
Since accuracy is of major importance for cardiac patients, only
Apple, Mio and Garmin could be recommended. However, fur-
ther research within distinct clinical and non-clinical settings is
necessary and should take different types of physical activities
into account.

Keywords: Heart rate monitoring, wearable, rehabilitation,
photoplethysmography.

PE3IOME

CPABHEHME HOCHUMBIX YCTPOWCTB JJISI CAMO-
KOHTPOJISI CEPAEYHOI'O PUTMA BO BPEMSI PEA-
BUWINTALIUN Y KOPOHAPHbBIX TAIIMEHTOB

12Xeyken M., *Xopcrmann X., 2Kepaunr A., ‘Anopexr K.,
SKenus I.T., "*Kwok M., *Tertdyp V., 2Xanke A.A.

!Aemopwi enecnu pasnviil 6K1a0 6 pabomy u pasoesiiom nepeoe
asmopcmeo, *Lannosepckuil meduyunckuil ynueepcumem, M-
cmumym cnopmusnoti meduyunsl, Iannosep, Huaxosepe An-
nawmughm, Omoenenue opmoneduueckou xupypeuu, I annosep;
*bpandenbypeckuil  20CYyOApCMEEHHbIIL UHCIMUMYM  CYOeOHOU
meduyunet, [omcoam, >Juaxosepe @pudepuxenwmugm, Om-
Oenenue yponozuu, Iannosep, I epwanus

OcHOBHOW HpPUUYMHON 3a005€BaEMOCTH U CMEPTHOCTH B
MHpE CUNTAETCs HIIeMuYecKas 0ose3Hb cepaua. duznueckas
AKTHUBHOCTbD ABJIACTCSA OCHOBHBIM IMOJAXOA0M K l'lpO(bI/l.]'laKTl/IKe
U JICUCHHUIO CepcuHbIX 3aboneBanuit. CaMOKOHTPOIb Cep-
JC€YHOI'0O puT™Ma B l'lOBCe)IHeBHOﬁ KU3HHU SABJIACTCSA 3HAYUMbBIM
MOMEHTOM B BBI3JOPOBJIICHUU KaAPAHUOJIOTUYCCKUX NAIIUCHTOB.

Ienpro ucciienoBaHusl SIBUJIACH IPOBEPKAa TOYHOCTH W3-
MEpEHUH CeMM pa3/IMYHBIX YCTPOWCTB B cpaBHeHuHn ¢ OKI'-
MOHHUTOPHHIOM BO BpeMsl KapAHOpeaOINTalluOHHBIX TPEHUPO-
BOK Ha BEJIO3ProMeTpe.

HUccnenoBansl cienyronme ycrpoiictsa: Garmin Forerunner
35 (Garmin), Mio Fuse (Mio), Fitbit Charge HR (FitbitHR),
Fitbit Surge (FitbitS), Withings Pulse™ Ox (Withings), Apple
Watch Series 1 (Apple) u Pearl Fitness-Tracker (FBT-50.HR
PRO.V4). Bee ycrpoiicTBa ObUTH IPOTECTUPOBAHBI Ha 35 y4acT-
HHKAaX C IIECTbIO U3MEPEHUSIMU Ha BpeMs B TeueHHe 20 MUHYT
TPEHUPOBKH Ha BEJIO3PIroMeTpe C MOCTOSHHOM Harpyskoil. Ila-
pasuienbHo 3anuckiBaauck u3Mepenus DKI. Onenens! koppens-
nuu Pearson-a.

Jst camokoHTpoJIst cepriednoro putMa, Apple, Mio u Garmin
H0Ka3aJM TPEBOCXOAHYIO0 TOYHOCTH C OJIM3KON KOppessiuei ¢
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OKT Bo Bpewmst spromerpun. FitbitHR, Pearl u FitbitS noka3a-
JM CONOCTaBUMBIE pe3yibTarsl. B omnuune ot storo, Withings
nokasan cinadyro koppemsiuoo ¢ DK co 3HaUNTEIbHBIMU pa3-
JIMYUSAMMU.

OOHapyKHUIH Cepbe3HbIe Pa3INyKsl MEXK/y UCCIICTOBAHHBIMU
ycrpoiicTBamu. [T0CKOIBKY TOYHOCTD UMEET OO0JIbIIOE 3HAUCHUE
JUISL KapIMOJIOTMYECKUX MaleHTOB, C LEJIbI0 CaMOKOHTPOJIS
CEeplIeYHOr0 PHUTMa MOXKHO IOPEKOMEHIOBaTh TOJBKO Apple,
Mio u Garmin. OxHako HEOOXOAUMBI JaJbHEHUIINE HCCIIECN0-
BaHUSA B Pa3HbIX KIIMHUYCCKUX W HEKIIMHUYCCKUX YCJIIOBUSAX,
KOTOPBIC HOJDKHBI YYUTBIBATH Pa3JIMYHBIC BUbI CHOpTVIBHOﬁ
AKTHUBHOCTH.
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COMBINED PHARMACOLOGICAL THERAPY INCLUDING SEVERAL ANTIARRHYTHMIC AGENTS
FOR TREATMENT OF DIFFERENT DISORDERS OF CARDIAC RHYTHM

Kapustnick Yu., Lutsenko R., Sydorenko A.

Poltava State Medical University, Department of Experimental and Clinical Pharmacology,
Clinical Immunology and Allergology, Ukraine

In widespread clinical practice, there is often a need for treat-
ment of cardiac arrhythmias with simultaneous administration
of antiarrhythmic agents of I or III classes in accordance with
Vaughan Williams classification together with antiarrhythmic
preparations of Il or IV classes (B-blocker adrenergic drugs and
calcium channel blocker agents). In severe and stable cardiac ar-
rhythmias combined therapy on the bases of two antiarrhythmic
agents, including preparations of [ and III classes should be used
[12,13,15].

However, at the same time it is necessary to understand well
the goals, possible effects and dangers of such combined treat-
ment. The main principle of any combined therapy lines in si-
multaneous action on different pathological mechanisms, which
are the reason of development of cardiac arrhythmia. It allowes
to reduce doses of antiarrhythmic agents [2,8].

Under antianginal and hypotensive therapy the combined trat-
ment is often used even during beginning of the illness. How-
ever, antiarrhythmic therapy is performed according to other
principle. Because only one antiarrhythmic preparation must
be used for treatment of arrhythmias in most cases because all
antiarrhythmic agents have fairly similar side effects that leads
to exacerbation of their side effects that can be under combined
therapy [2].

The requirement of combined therapy including the several
antiarrhythmic agents for treatment of different disorders of car-
diac rhythm arises in the following situations:

1. Monotherapy with administration of only one antiarrhyth-
mic agent is effective. However, a therapeutic dose of the drug
causes side effects that requires its correcting. In this case, the
complete cancellation of the drug is possible with its replace-
ment by other antiarrhythmic agent, which is effective and well-
tolerated, Nevertheless, the possibility of such choice might not
be available, because other drugs are not tolerated or ineffective
[4,5].

For example, a patient with paroxysmal atrial fibrillation uses
amiodarone in daily dose 400 mg with the most complete anti-
arrthythmic effect (compared to other agents). However, under
administration of amiodarone in daily dose 400-600 mg and
more in the sunny period of the year such side action as photo-
sensitization can be development. This undesirable effect can be
eliminated by reducing the daily dose of amiodarone to 200 mg.
In this case amiodarone in the dose 200 mg during the morning
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must be administered for strengthening of antiarrhythmic effect
together with one agent from antiarrhythmic preparation of IC
subclass, which must be administered in half daily dose (allap-
inin 25-50 mg/day or ethacizin 75 mg/day).

2. The effect of antiarrhythmic agent is not complete, but it
is impossible to in rease its dose to maximal, because can be
development undesirable effects. Sometimes these side effects
occur after administration of antiarrhythmic drug in moderate
dose. For example, amiodarone was given in the daily dose 300
mg. This dose was sufficient to eliminate paroxysms of atrial fi-
brillation. In this case other antiarrhythmic agents are not effec-
tive. However, after administration of amiodarone in daily dose
300 mg night brady-depended supraventricular extrasystolic
arrhythmia occurred. This disorder of cardiac rhythm is poorly
tolerated by patient. Besides, supraventricular extrasystolic ar-
rhythmia can be transform in atrial fibrillation. [6,8]. That is why
for preventive maintenance of such undesirable effects of amio-
darone should be administered the decreased dose of this prepa-
ration and additional administration of allapinin in the evening
orally in single dose 12,5-25 mg (1/2-1 tablet).

3. Antiarrhythmic monotherapy is effective. However, after
administration of one antiarrhythmic agent undesirable side ef-
fects are developed. That is why the cancellation of the first anti-
arrhythmic agent is required. For instance, antiarrhythmic agent
of 1A subclass quinidine was given orally in dose 200 mg trice a
day. But marked sinus tachycardia due to its vagolytic influence
developed due to administration of this preparation. Quinidine
decreases tonicity of pneumogastric nerve due to cholinolytic
action on pacemaker cells in atrioventricular node. For suppres-
sion of sinus tachycardia, it is required to cancel quinidine and
administration of fB-blocker agent or calcium channel blocker
drug for example verapamil.

4. All possible antiarrhythmic agents as monotherapy are not
effective. In this case the combination of the two ineffective
drugs may be effective.

5. A patient has several types of cardiac rhythm disorders,
each of which is sensitive to one antiarrhythmic agent only. For
example, two variants of paroxysmal tachycardia occurred pe-
riodically: 1) verapamil-sensitive reciprocal sinus tachycardia;
2) paroxysmal atrial fibrillation. Bolus administration of 4 ml
0,25% solution (10 mg) of verapamil intravenously is required
for suppression of first disorder of cardiac rhythm. Administra-
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