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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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-

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 mean±standard 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 - R2) 
above 0.95 was considered to be excellent, while a R2 from 0.95-
0.85 was considered to be reasonable and below 0.85 to be poor. 

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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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 (R2) excellent correlation be-

tween measurements was attained by Apple (R2=0.9819), Mio 
(R2=0.9787) and Garmin (R2=0.9567). Reasonable correlation 
was shown by FitbitHR (R2=0.9066), Pearl FT (R2=0.8794), 
and FitbitS (R2=0.8713), while Withings (R2=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. 

Fig. 2 (panels A-G): Pearson’s correlation of measurements. The coefficient of determination (R2) 
for each correlation is displayed inside each panel
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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 

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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SUMMARY

COMPARISON OF WEARABLES FOR SELF-MONI-
TORING OF HEART RATE IN CORONARY REHABILI-
TATION PATIENTS 

1,2Heyken M., 1,3Horstmann H., 2Kerling A., 4Albrecht K., 
5Kedia G., 2Kück M., 2Tegtbur U., 2Hanke A.A.
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Diakovere Friederikenstift, Hannover, Germany

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.

РЕЗЮМЕ

СРАВНЕНИЕ НОСИМЫХ УСТРОЙСТВ ДЛЯ САМО-
КОНТРОЛЯ СЕРДЕЧНОГО РИТМА ВО ВРЕМЯ РЕА-
БИЛИТАЦИИ У КОРОНАРНЫХ ПАЦИЕНТОВ

1,2Хеукен М., 1,3Хорстманн Х., 2Керлинг A., 4Албрехт К., 
5Кедия Г.Т., 1,2,Кюк М., 2Tегтбур У., 2Ханке A.A.
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деление урологии, Ганновер, Германия

Основной причиной заболеваемости и смертности в 
мире считается ишемическая болезнь сердца. Физическая 
активность является основным подходом к профилактике 
и лечению сердечных заболеваний. Самоконтроль сер-
дечного ритма в повседневной жизни является значимым 
моментом в выздоровлении кардиологических пациентов. 

Целью исследования явилась проверка точности из-
мерений семи различных устройств в сравнении с ЭКГ-
мониторингом во время кардиореабилитационных трениро-
вок на велоэргометре.

Исследованы следующие устройства: Garmin Forerunner 
35 (Garmin), Mio Fuse (Mio), Fitbit Charge HR (FitbitHR), 
Fitbit Surge (FitbitS), Withings Pulse™ Ox (Withings), Apple 
Watch Series 1 (Apple) и Pearl Fitness-Tracker (FBT-50.HR 
PRO.V4). Все устройства были протестированы на 35 участ-
никах с шестью измерениями на время в течение 20 минут 
тренировки на велоэргометре с постоянной нагрузкой. Па-
раллельно записывались измерения ЭКГ. Оценены корреля-
ции Pearson-а.

Для самоконтроля сердечного ритма, Apple, Mio и Garmin 
показали превосходную точность с близкой корреляцией с 

ЭКГ во время эргометрии. FitbitHR, Pearl и FitbitS показа-
ли сопоставимые результаты. В отличие от этого, Withings 
показал слабую корреляцию с ЭКГ со значительными раз-
личиями.

Обнаружили серьезные различия между исследованными 
устройствами. Поскольку точность имеет большое значение 
для кардиологических пациентов, с целью самоконтроля 
сердечного ритма можно порекомендовать только Apple, 
Mio и Garmin. Однако необходимы дальнейшие исследо-
вания в разных клинических и неклинических условиях, 
которые должны учитывать различные виды спортивной 
активности.

reziume

tarebadi mowyobilobebis Sedareba guliscemis 
TviTkontrolisTvis koronarul pacientebSi re-
abilitaciis pirobebSi 

1,2m. heuken, 1,3h. horstmann, 2a. kerling, 4k. albrext, 
5g.kedia, 2m. kuek,  2u. tegtbur, 2a.a. hanke
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msoflioSi avadobisa da sikvdilianobis 
ZiriTadi mizezs warmoadgens gulis iSemiuri 
daavadebaa. fizikuri aktivoba umTavresi midgo-
maa gulis daavadebebis profilaqtikaSi da Te-
rapiaSi. guliscemis TviTkontroli yoveldRiur 
cxovrebaSi mniSvnelovania kardialuri pacien-
tebis gamojanmrTelebaSi. 
kvlevis mizani iyo Svidi sxvadasxva mowyobi-

lobis gazomvis sizustis Sefaseba eleqtrokar-
diogramis monitoringTan SedarebiT pacientebSi 
ergometrze varjiSis dros. 
gamosacdili mowyobilobebi iyo: Garmin Fore-

runner 35 (Garmin), Mio Fuse (Mio), Fitbit Charge HR (Fit-
bitHR), Fitbit Surge (FitbitS), Withings Pulse™ Ox (With-
ings), Apple Watch Series 1 (Apple) da Pearl Fitness-Tracker 
(FBT-50.HR PRO.V4). yvela mowyobiloba Semowmda 
35 monawileze, eqvs drouli gazomviT 20 wuTis 
ganmavlobaSi mudmivi datvirTvisas ergometrze. 
paralelurad dafiqsirda eleqtrokardiogramu-
li (ekg) gazomvebi. Sefasda Pearson-is korela-
ciebi.
Sedegebi: guliscemis TviTkontrolisTvis er-

gometriis dros, Apple-ma, Mio-m da Garmin-ma aCvenes 
SesaniSnavi sizuste ekg-sTan mWidro korelaci-
iT. FitbitHR-ma, Pearl-ma da FitbitS-ma warmoadgines Se-
jerebuli Sedegebi. amis sapirispirod, Withings-ma 
aCvena susti korelacia ekg-sTan mniSvnelovani 
gansxvavebebiT.
avtorebis mier aRmoCenilia seriozuli gansx-

vavebebi testirebul mowyobilobebs Soris. vi-
naidan sizustes udidesi mniSvneloba aqvs ko-
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ronarul pacientebisTvis, mxolod Apple, Mio da 
Garmin SeiZleba iyos rekomendebuli. amasTanave, 
Semdgomi gamokvlevebi aucilebelia klinikur 

da araklinikur garemoSi, sadac unda gaTval-
iswinebul iqnas sxvadasxva saxis sportuli aq-
tivobebi. 

COMBINED PHARMACOLOGICAL THERAPY INCLUDING SEVERAL ANTIARRHYTHMIC AGENTS 
FOR TREATMENT OF DIFFERENT DISORDERS OF CARDIAC RHYTHM

Kapustnick Yu., Lutsenko R., Sуdorenko A. 

Poltava State Medical University, Department of Experimental and Clinical Pharmacology, 
Сlinical Іmmunology and Аllergology, 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 II or IV classes (β-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 I 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-
arrhythmic 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 

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 IA 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 β-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-


