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Abstract

Aim - to determine additional risks of developing arterial thrombotic and
thromboembolic complications in bradysystolic AF and substantiate the results
using modeling of intra-arterial hemodynamics.

Material and methods. A single-center prospective study involving 252
patients: 146 in the main group, 106 in the control group. The main group
was divided into 2 subgroups: 1A subgroup RR ECG interval <1.5 seconds;
2B subgroup RR>1.5 seconds. A comprehensive examination of the patients
was carried out. The second stage is prospective comprising an analysis of
the development of arterial thrombotic and thromboembolic complications
over 1 year. Experimental modeling was carried out using the “Device for
simulating intra-arterial circulation”.

Results. Thrombotic and thromboembolic complications were more common in
subgroup 1B (OR=8.287 (2.287; 30.040); z=3.219; p=0.001). When analyzing
the main parameters of the hemodynamics of the main arteries, the first pulse
wave, coming after a long pause of 1.5 seconds or more in AF, was accompanied
by a statistically significant increase in all of analyzed parameters. In the

experiment, when simulating AF, the intensity of the mechanical impact of
the free end of the thread on the wall of the rotameter was maximum when the
pause between pulse waves was 1.5 seconds or more (9.70 + 2.52 mm). At this
moment, the piezocrystalline pressure sensor recorded the maximum increase
in pressure inside the rotameter tube by an average of 56%.

Conclusions. Bradysystole in AF is associated with a significantly higher
likelihood of developing long-term thromboembolic events. The first pulse
wave, coming after a long pause between ventricular contractions during AF,
leads to a significant increase in the main parameters of the hemodynamics
of the main arteries (linear velocity of blood flow, volumetric blood flow).
When monitoring heart rate in AF, it is necessary to avoid bradysystole with
pauses between ventricular contractions of 1.5 seconds or more, due to a
higher risk of stroke, myocardial infarction, and distal arterial embolism in
other vascular regions.
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Bpagucuctonua npu omdpunnaumm npeancepavn:
KJIMHU4YecKoe 3Ha4yeHne u MmoaesnimpoBaHue
B 3KCNepuMeHTe

O.A. l'epMmaHoBat, H0.B. WykuH?, k. Fanatn® 2, P.3.P. NepperTn?3

1PIBOY BO «Camapckuii rocyaapCTBEHHbIN MeAUUMHCKUA YHUBEPCUTETY
MuHsgpasa Poccun (Camapa, Poccuitckaa ®enepaums)
2MIHCTUTYT Hay4HbIX UCCNeaoBaHuiA CepaeyHo-CoCyancTbiX 3abonesaHnii «Mynstumeamka» (Munan, Utanus)
SYHuepctuter MunaHo bukokka (MunaH, Ntanus)

AHHOTauusa

ITens — onpesiesIUTh NONOIHUTEIIbHBIE PUCKU Pa3BUTHS apTepUasIbHbIX TPOM-
60THYECKIX U TPOMOO3MOOINIECKIX OCIIOKHEHHUH IIPU GpaiCHUCTONNYeCKOM
ubpumsipu npencepauii (PI1) 1 060CHOBATh Pe3yINBTaThI C OMOIIBIO MO-
JleJIMPOBaHusl BHYTPHapTepUaIbHOM reMOJHHAMUKU.

Marepuan u MeTofbl. [IpoBefieHO OIHOIEHTPOBOE NIPOCIEKTUBHOE UC-
CllefjoBaHMe C yJacTueM 252 NanueHToB: 146 deyioBek — OCHOBHAS IpyIIIa,
106 ugenoBexk — rpynmna koHTposisi. OCHOBHas Tpymia OblIa pa3fesieHa Ha 1iBe
noarpynnsl: 1A noxarpynmna — RR unrepsan OKI'<1,5 cek; 2b noarpymmna —
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RR>1,5 cex. Ha nanHOM 3Tarne npoBoJuiIoch KOMILJIEKCHOe 06ciiejoBaHue
GosibHBIX. BTOpOIT 3Tam — NMpoCHeKTUBHBINA: aHAIU3 PAa3BUTHUS apTepHallb-
HBIX TPOMOOTHIECKUX ¥ TPOMOOIMOOIINIECKUX OCIOKHEeHHM B TedeHue
1 roma. JKcriepuMeHTaIbHOE MOJIe/TMPOBAHHe TPOBOUIIOCDH C IPUMEHeHHeM
«YcTpo¥icTBa [Ist MOZIeJIMPOBAHUS BHYTPHAPTEPHAIIBHOTO KPOBOOOPAIIIEHHUS.
Pesynbrarel. TpoMOOTHYIECKIE U TPOMG0IMOOIMIECKHE OCITOKHEHHS Jarle
Bcrpevayuch B 1B mogrpymme (O111=8,287 (2,287; 30,040); z=3,219; p=0,001).
I[Tpu aHanM3e OCHOBHBIX TAPAMETPOB reMOJMHAMUKY MarkCTPaIbHBIX apTe-
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PUH IlepBasi ITyJIbCOBAs! BOJIHA, UAYILAs ITOCIIe JUTUTeTbHOM Nay3kl 1,5 cexyH/Ib!
u 6onee pu PI1, conpoBoXxanach CTaTUCTUYECKU JOCTOBEPHBIM BO3pac-
TaHUeM BCeX aHAJIM3UPYEeMBIX [TapaMeTpoB. B akcriepumenTe py IMHUTanun
®II MHTeHCUBHOCTh MeXaHUYeCKOIr'0 BO3ZeHCTBUSA CBOOOMIHOIO KOHI[A HUTH
Ha CTeHKy poTameTpa Obljla MaKCHMaJIbHOM B CITydae, KOIZa I1ay3a Mexay
IYJIbCOBBIMHU BOJIHAMH CcOcTaBisiia 1,5 cekyHsl u 6omee (9,70+£2,52 mm). B
9TOT MOMEHT IIbe30KPHCTAIUTNIECKUH JATIHK AaBIeH:s] GUKCHPOBAJ MaKCH-
MaJIbHbIH IIPUPOCT JJaBJIeHus BHYTPU TPYOKU poTameTpa B cpeiHeM Ha 56%.
BeiBoasl. Bpanucucronus npu PII acconnuposana ¢ jocToBepHO Goiee
BBICOKOM BEPOSITHOCTBIO Pa3BUTHS OTJAJIEHHBIX TPOMO03MOOIMYEeCKUX CO-
6brTHiL. [lepBast myrnbCcoBast BOJIHA, UTyIIast IOCTIe JUTUTeILHOW May3bl MeXI1y

COKpallieHHeM >keTyfo4koB rpu PI1, NpUBoaXT K JOCTOBEPHOMY YBeIHMYeHHIO
OCHOBHBIX T1apaMeTPOB TeMOIMHAMUKY MarkCTpasIbHbIX apTepHi (JINHeHHOM
CKOPOCTH KPOBOTOKA, 06beMHOTr0 KpoBoTOKa). [Ipu koHTposne YCC npu PI1
Heo6xonMMo u3berars GpaJiCUCTONNH C NOSIBIIEHHEM T1ay3 MeXX]y COKpallle-
HUEM JXelTyo4koB 1,5 cexyHzb! 1 Gonee B CBs3H C Gosiee BEICOKUM PHCKOM
Pa3BUTHS MHCYNBTA, MH(pApPKTa MUOKap/a, UCTaIbHBIX apTepUalIbHbIX M-
6OIHii B IPYTUX COCYIUCTHIX PErHOHax.

KiroueBrble cnoBa: Gubpuiisinus npencepavid, 6pagrcUCToNus, BHyTpUap-
TepuaibHasi FeMOIMHAMUKA.
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m INTRODUCTION
trial fibrillation (AF) is one of the prevalent heart beat
disorders in the population. According to the 2023 data
of the American Heart Association, the rate of AF cases in
Russia is 119-143 per 100,000 people [1]. With age, this
rhythm disorder occurs more often, and the vast majority
of patients are men. Racial differences in the frequency of
occurrence indicate a predominant incidence among the white
population. AF is associated with 1.6-2 times elevated risk
of mortality, predominantly in women [2, 3]. AF is a proven
risk factor for many vascular complications. With AF, the risk
of stroke development increases by 2.4 times [3], cognitive
disorders and dementia, by 1.5 times [4], sudden death, by 2
times [5], myocardial infarction, by 1.5 times [6], and heart
failure, by 5 times [3]. A number of studies have noted an
increased likelihood of paroxysmal AF if the average heart rate
decreases to less than 65 beats per minute at rest [7].
Validated scales are most widely used to assess the risk of
stroke in AF: CHA2DS2-VASc [8], ATRIA [9], GARFIELD
[10]. Among the factors taken into account when using these
scales, the average ventricular rate in AF is not included.
However, clinical recommendations make it a point that the
absolute risk associated with the same calculated score on the
CHAZ2DS2-VASc scale has a broad variation in the population;
however, placing an individual in a high-risk category indicates a
higher likelihood of developing a stroke [11]. The scales ATRIA
and GARFIELD-AF that were proposed later, demonstrated
better results in terms of statistical evaluation of the quality of
their diagnostics, yet a detailed and large-scale assessment of
their forecasting effectiveness has not yet been carried out [12].
Control of heart rate (HR) in AF is vital in long-term
prognosis of this pathology. Thus, the HOT CAFE study
(How to Treat Chronic Atrial Fibrillation) mentioned that the
strategy of HR control was comparable with cardioversion or
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anti-arrhythmic therapy in endpoints of all-cause mortality, rate
of thromboembolic events and major bleeding (OR=1.98 [95%
CI=0.28-22.3]; P>0.71) [13]. A meta-analysis of randomized
clinical trials showed that the HR control and treatment
strategies were comparable in the values of total mortality
and cardiovascular mortality, as well as stroke mortality [14].
The RACE II study identified that reaching the HR<110 or
<80 beats per minute with AF did not affect the morbidity and
mortality from cardiovascular diseases [15]. The results of
ORBIT-AF study showed that the increase of HR with AF was
associated with the growth of total mortality and development
of heart failure [16, 17]. Conflicting data were obtained in the
studies of HR control strategies in patients with chronic heart
failure with preserved or reduced ejection fraction. [18, 19].
Numerous studies have shown that heart rate control in AF
was associated with improvement in clinical symptoms and
quality of life [20, 21].

In this case, heart rate control in AF is understood as
a decrease in the average heart rate in the presence of
tachysystole, but the lower limit of heart rate has not yet been
designated. Moreover, none of the existing scales for predicting
remote vascular complications in AF indicate bradysystole as
an additional risk predictor.

m AIM

Determine additional risks of developing arterial thrombotic
and thromboembolic complications in bradystolic AF and
to substantiate the results using intra-arterial hemodynamic
modeling.

m MATERIAL AND METHODS

A single-center prospective study was conducted involving
252 patients, of which 146 people were included in the main
group, and 106 people made up the control group.
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Inclusion criteria for the main group: age of 18 and above;
constant form AF; signed informed consent to participate in
the study.

Inclusion criteria for the control group: age of 18 and
above; no AF, premature ventricular contraction (PVC) at
least 700 per day.

Exclusion criteria: persistent arterial hypertension with
arteriab blood pressure above 160 and 100 mmHg; hereditary
hypercholesterolemia; chronic kidney disease with glomerular
filtration rate (GFR) <60 ml/min; NYHA class III and more
severe chronic heart failure; chronic foci of infection of
any localization; intracardiac thrombus detected during
examination; implanted artificial heart valve; moderate to
severe chronic obstructive pulmonary disease; history of
myocardial infarction (MI), acute cerebrovascular accident
(ACVA) or transient ischemic attack (TIA) less than 1 year
ago; hematological diseases, including those associated
with hypercoagulability syndrome; diagnosed aneurysm of
the aorta or left ventricular apex; valvular AF; obliterating
atherosclerosis of the arteries of the lower extremities above
stage I according to Fontaine-Pokrovsky; hemodynamically
significant stenosis of the carotid bifurcation; cardiomyopathy.
Thus, at the stage of patient selection for the study, the majority
of the main causes of possible arterial thromboembolic
complications were included in the exclusion criteria.

The main group was divided into two subgroups
depending on the maximum duration of the R-R interval

Hayka n nHHoOBauuu B MeauuuHe

Figure 1. “Device for modeling intra-arterial circulation”.

PucyHok 1. «Ycmpolicmso 015 ModenupoBaHusi
BHympuapmepuaibHo20 KpoBooGpalyeHuUs ».

models the regular heart beat and its disorders, the AF, with
various maximum intervals between the pulse waves (<1.5 and
>1.5 s). From the inlet aperture of the rotameter, a nozzle is
mounted that allows introduction of a piezoelectric pressure
sensor inside the device (response speed of 1.3), and another
indicator, a thread 2.5 cm long.

The analysis and generalization of the results obtained were
carried out using the principles of evidence-based medicine.
The patients included in the study signed an informed consent
form. The protocol was approved by the local ethics committee.
In the statistical analysis first, normality of distribution of

Subgroup

Parameter Category 1B Control
n=72 n=106

‘z’gﬂglfcliduri“g AF: subgroup 1A, RR<1.55.;Subgroup  age vears, median (SD) 63,6 (7.2) 63.9(7.4) 617 (8.1) B
) >1.0s.

At the first stage of the study, a comprehensive Sex, n (%) SBISLHN B59((52.5)] Mo4i(50.9) §f==°2:97°
examination of patients was carried out, which included F B(487)  34(47.2)  52(49.1) y2=0,060
standard laboratory (including determination of lipidogram) (BQOf}'Q”})a)fS index, median (23’23? 31) (25;2381’ 3) (23’23? 30) ﬂi?’é%%
and instrumental research methods. The instrumental Artoriol No 4(54)  6(83) 766) p-0973
methods included transthoracic and transesophageal hypertension, Grade 1 31(419) 2(40,3) 44 (415) df=4
echocardiography (EchoCG), daily Holter ECG monitoring, 77 Grade 2 39(527) 37(514) 55(51,9) X°=0507
stress echoCG with a drug test or physical exercise; Type 2 diabetes melitus, ¥2=1911
ultrasound Doppler examination of the brachiocephalic n (%)? ) | B | o) gf='02385
arteries (BCA USDG), USDG of the arteries of the lower & onic obstructive p= 7%
extremities, USDG of the renal arteries and abdominal gll(Lr/:\)C;naw disease, mild, 15(20,3) 14(19,4) 17(16,0) ng;:ZO 619
aorta. . . -

The second stage of the study was prospective. An IC?ln(J"Z)CZ heartfallue: NYHA 43 (581)  30(542)  61(57.6) P = 0,870
analysis of the development of arterial thrombotic and ﬁhrﬁg/if)zheaﬂ failure: NYHA 31 41 9)  33(458) 45 (42,5) x2_= 0,279
thromboembolic complications (stroke, myocardial : No 12(162) 10(139) 18(17.0) . _ o0
infarction or distal arterial embolism of other localizations) géagt:rg% e;fc(y& p Funccll  35(473) 34(472) 54(509) G
was conducted within 1 year from the start of observation. ' Func.CLII  27(365) 28(38,9) 34(321) X?=1.041
The fact of complications was clarified by questioning  chronic No 56(757) 57(79.2) 82(774) ,_gg76
patients after 6 and 12 months from the first visit. gzgggge ,  Gradel 10(13,5) 9(125) 15(142) df=4

The experimental modeling of intra-arterial processes (%) ’ Grade 2 8(108)  6(83) 9(85) K=0471
during AF was performed with the use of the original History of ACVAOr TIA, n 568 4056 768 R 0947
“Device for modeling intra-arterial circulation” (utility (%) X2=0,108
model patent RU202780U1 dated 03.05.2021) (Fig. 1). s T e wena | rmmaa | aeem gf==02.992

The utility model comprises a transparent rotameter tube ' ’ ' " x2=0016
that narrow from the inlet to the outlet and that is mounted History of distal arterial p = 0,638
with fixtures on a horizontal surface. Elastic silicone  emboli, n (%)? 134 0 109 dxf2_=20,899

tubes, intake and outgoing, are attached to the inlet and

outlet of the rotameter to ensure intake and draw-off of
the fluid. The fluid use is water-based glycerin solution in
the concentration matching the viscosity of whole human
blood. A closed loop is created. The fluid is brought into
motion by means of electrical pump with a valve that
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Notes.! 1-factor ANOVA; 2 (?-Pearson’s test; 3 Kruskall-Wallis test
Mpumeyarus.t 1-¢pakmopHas ANOVA; 2 ( 2-mecm [MupcoHa; 3 Kpumepuil
Kpackena — Yonnuca.

Table 1. Clinical characteristics of the patients included in research
Ta6nuuya 1. KnuHuveckas xapakmepucmuka nayueHmos,
BOwWedwWux B uccnedoBaHue
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Complication

= | -

1A 1B Control
n=74 n=72 n=106

MI during 1 year, n (%) 2(27) 4(56) 2(1,9) 0,348
ACVA during 1 year, n (%) 2(2,7) 8(11,1) 1(0,9) 0,005
Distal arterial emboli during

Lyear, n (%) 1(1,4) 2(28) 0 (0) 0,119
ﬁr&t):omphcatlon during 1 year, 5(6,8) 14 (19,4) 3(2,8) <0,001

Table 2. Complications during 1 year.
Ta6nuua 2. OcnoxHeHus1 B medeHue 1 2o0a.

each parameter was evaluated. If normality of distribution
was respected, methods of parametric statistics were used:
quantitative variables were characterized by a mean value
and standard deviation. Comparisons between subgroups
were performed using one-way analysis of variance with F-test
values, degrees of freedom (df) and statistical significance of
the model (p) reported. In the absence of normal distribution,
quantitative indicators were described as medians and 1% and
3 quartiles (Q1 and Q3). Comparisons between the identified
subgroups were performed using the Kruskal-Wallis method,
with the H statistic value and p value indicated. Categorical

features between subgroups were determined by creating
frequency contingency tables using the y? test (when the
frequency in any of the table cells exceeded 5), using Fisher's
exact test (in other cases). For any statistic tests, the criterion
of statistical significance was p<0.05.

m RESULTS

In their respective concomitant pathology and severity of
its clinical manifestation, the patients from the 1A and 1B
subgroups could be compared (Table 1).

However, the analysis of remote thrombotic and
thromboembolic complications revealed statistically
significant differences between the subgroups. Most often, the
complications were to be seen in the 1B subgroup (Table 2).

In other words, if patients had AF with the maximum
duration of the R-R interval of the ECG >1.5 seconds, the
OR=8.287 (2.287; 30.040); z=3.219; p=0.001 with respect to
development of long-term complications during one year as
compared with the control group. Thus, the risk factor for
long-term complications is not only the fact that the patient
has a permanent form of AF: it also matters which particular
variant of the maximum R-R interval duration on the ECG is

diagnosed in the patient. The most

adverse from the standpoint of long-
term complications is the AF with

CCA LVBF Tibial artery LVBF
p=0.020* the maximum duration of the R-R
160 p< 0.001* 100 < 0.001* p< 0.001* :
p<0.001*  p<0.001% % — P - interval of the ECG >1.5 seconds.
140 .
) 4 g “T' In our work, we believe that
g £ .
£ 120 T ° the explanation for the revealed
- [Ty
L [+ 1 1 ]
& 100 S = fact of a hlgher. 1n.c1denlce of
p 2 4 h 4 long-term complications in the
O = . .
o & [ h d % e il > bradystolic variant of AF should
o & . .
60 'S b —8— 2 5 < ] be sought in the features of intra-
l L . . . 0
0 & 2 - arterial hemodynamlcsl in this
Mpynna-1A Ipynna-16 Ipynna- pynna-1A Ipynna-16 Mpynna- arrhythmla. In the analySIS of the
KorTpon, Korrpone main hemodynamic parameters
of the main arteries, the first pulse
wave, occurring after a long pause
CCA Volumetric blood flow Tibial artery volumetric blood flow of 1.5 seconds or more during AF
500 . p< 0,001* . £ 70 o< 0.001* v./as la.ccompamed b}.] a statistically
< T p<000L*  p<0.001 = T p<0.001* p< 0.001*' significant increase in all analyzed
£ 550 - -
= e parameters (Fig. 2).
g 500 % 2 50 We performed an experiment
= o) . B . .
3 450 2 @ using the “Device for modeling
9 S 40 . _ . . P .
S 00 : £ - intra arterlallc1rculat10n designed
E o @ S 30 . by us. For this purpose, blood flow
S g @ in the main artery was modeled
§ 300 = 20 ‘ with a regular heart rhythm, as well
250 = as with AF, which is characterized
1A Group 1B Group Control Group 1A Group 1B Group Control Group by different intervals between

pulse waves below 1.5 and above

Notes. LVBF — linear vessel blood flow; CCA — common carotid artery.

MNpumeyaHusi. JICK — nuHeliHas ckopocms kpoBomoka; OCA — obujasi CoHHasi apmepusi.

Figure 2. Graphic representation of hemodynamic parameters in subgroups 1A, 1B and the
control group according to Doppler ultrasound (p<0.001). Data are presented in the form
of medians (transverse line), means (cross), boundaries of the 1st and 3rd quatrtiles (box

boundaries), minimums and maximums (whisker boundaries).

PucyHok 2. [pacpuqeckoe u3obpaxeHue napaMempoB 2eMoOUHaMUuKu B nodzpynnax 1A, 16 u
epynne KoHmponsi no 0aHHbIM Y3/I. [laHHble npuBedeHb! B BUOe MeduaH (nonepeyHast IUHUsl),
cpedHux (kpecm), epaHuubl 1 u 3 kBapmunel (2paHuybl SUUKE), MUHUMYMbI U MaKCUMYMbI

(epaHuybl ycos).
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1.5 seconds. The indicators we
used in the experiment were a 2.5
cm long thread and a piezocrystal
pressure sensor that sent the data to
an oscilloscope. When simulating the
AF, the intensity of the mechanical
impact of the free end of the thread
on the wall of the rotameter was
maximum when the pause between
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Figure 3. Dynamics of changes in pressure inside the rotameter tube, when simulating AF with different durations of the R-R interval,

compared with the parameters with a regular pulse wave (in %).

PucyHok 3. [JuHamuka u3meHeHusi 0asnieHusi BHympu mpybku pomamMempa npu umumauuu @I ¢ pasnuyHol npooomKumenbHoOCMbHo
uHmepBasna R-R no cpaBHeHuto ¢ napaMempamu npu pezynsipHoll nynbcoBoll BosiHe (B %).

pulse waves was 1.5 seconds or more (9.70+£2.52 mm). At
this moment, the piezoelectric pressure sensor recorded the
maximum increase in pressure inside the rotameter tube by
an average of 56% (Fig 3).

m DISCUSSION

Currently, scientific research is mainly devoted to
predicting the development of AF depending on the
characteristics of the ECG pattern [22-24], and studying
the development of arterial thromboembolic events using
the generally accepted scales [25]. However, to date, the
assessment of the risk of developing long-term complications
with this rhythm disorder does not take into account the risk
of developing the bradysystole, including that against the
background of the treatment used; moreover, the existing
recommendations do not describe the lower threshold of
the average ventricular rate per se. In addition, intra-arterial
hemodynamics in AF is currently not sufficiently studied,
and its physical modeling is not performed. The question
remains open, whether additional risks of developing
arterial thromboembolic complications in AF are possible
in case of the increased duration of the R-R interval on the
ECQG, if AF is accompanied by bradysystole, even if that
occurs during treatment. In our previous publications, we
demonstrated the importance of intra-arterial hemodynamics
in the formation of long-term complications both in AF [26,
27] and in other cardiac rhythm disorders, in particular in
frequent extrasystoles [28, 29]. We believe that changes in
intra-arterial hemodynamics during arrhythmias, namely
an increase in parameters during a pulse wave following
a long pause between ventricular contractions, may play a
key role in the formation of long-term complications. Thus,
in the presence of multifocal atherosclerosis, especially
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in the presence of unstable atheromas (with calcium
inclusions, with an uneven surface, with hemorrhages, etc.),
the influence of additional factors of mechanical action
of an increased pulse pressure wave can become a trigger
mechanism for the formation of complicated atherosclerotic
plaques, leading to atherothrombosis or embolism along the
arterial vessel. Moreover, even one pulse wave can be critical
in the development of the said complications. Previously,
we characterized the complex of hemodynamic changes in
arrhythmias using the term “water hammer,” describing it as
a universal mechanism that can develop in that part of the
arterial vascular system where the discrete nature of blood
flow is recorded [30].

We believe that the features of intra-arterial hemodynamics
should be taken into account when treating each patient with
AF. A decrease in the average ventricular rate may lead to
additional risks of developing long-term vascular complications
in this category of patients.

m CONCLUSIONS

1. Bradysystole in AF is associated with a significantly
higher probability of developing remote thromboembolic
events.

2. The first pulse wave, coming after a long pause between
ventricular contractions during AF, leads to a reliable increase
in the main hemodynamic parameters of the main arteries
(linear blood flow velocity, volumetric blood flow).

3. When monitoring the heart rate in AF, it is necessary to
avoid bradysystole with the appearance of pauses between
ventricular contractions lasting 1.5 seconds or more due to the
higher risk of development of stroke, myocardial infarction,
and distal arterial embolism in other vascular regions. #=

www.innoscience.ru
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