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CRYPTOGENIC STROKE IN ATRIAL FIBRILLATION WITHOUT INTRA-HEART THROMBI:
POSSIBLE MECHANISMS
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Abstract. Background. Up to 45% of ischemic strokes are cryprogenic. Aim is to study which variant of permanent
AF without intra-heart thrombi is the most unfavorable in appearing of stroke. Methods. We observed 202 patients
with permanent AF without intra-heart thrombi and hemodynamically not significant carotid bifurcation atherosclerotic
stenosis. We performed echocardiography, 24-hours monitoring of electrocardiography (ECG), ultrasound of brachi-
ocephalic arteries, sphygmography of common carotid arteries, computer tomography of the brain, hemostasio-
grams, lipid profile, hemoglobin A1c. According to the 24-hours ECG monitoring data, we divided patients into two
groups up to the maximum pauses between ventricular complexes in AF: patients with a pause <1,5 seconds (113);
>1,5 seconds (89). Both groups were on the same standard therapy including novel oral anticoagulants. We observed
the patients during 1 year to analyze the verified stroke or transient ischemic attack (TIA). Results. In ultrasound, there
was an increase of linear blood flow velocity in the area of carotid stenosis during the spread of the pulse wave after
the long pause between ventricular contractions in group 2 up to 2,5 m/sec as in hemodynamically significant steno-
sis. In 1-year observation, there was the higher stroke in group 2. Conclusion. The appearance of stroke and TIA in
AF is higher in patients who have 1,5 seconds and more of maximum duration pauses between ventricular contrac-
tions. The reason of cryptogenic stroke can be the atherosclerotic plaque defragmentation with further embolism,
caused by additional mechanical impact of increased hemodynamical parameters of pulse wave after long pause
between ventricular contractions.
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AHHoTauums. [10 45 % VLIEMUNHECKX MHCYBTOB ABNAKOTCA KPUMPOTreHHbIMN. Ljesib — N3y4nTb, KakoW BapuaHT nep-
MaHeHTHOM chnbpunaunn npeacepamn (PIl) 6e3 BHyTpUCEPAEHHbIX TPOMOOB SBASETCA Hanbonee HebNaronpPUSTHbIM
B BO3HWKHOBEHWN MHCYNbTa. MeTogel. Mop Halumm HabmtogeHneM Haxoamnock 202 nauyeHTa ¢ MOCTOsIHHOM (hopMOoi
@I 6e3 BHyTpUCEPAEHHBIX TOOMOOB 1 C FreMOAMHAMNYECKN HE3HAYMMbIM aTEPOCKIEPOTUHECKMM CTEHO30M KapoTua-
Hom Budbypkaumu. MpoBoannm axokapanorpaduto, CyToHHOE MOHUTOPUPOBaHME anekTpokapauorpadum (OKT),
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Y3 6paxvouedanbHbix apTepuit, cchnrMmorpapuio 0BLLMX COHHbIX apTepuii, KOMMbIOTEPHYIO TOMOrpaduio rofoB-
HOro MO3ra, reMocTasuorpaMmsl, IMNMAOrPamMmMy, remMorfiobnH Alc. o gaHHbIM CYyTOYHORO MOHUTOPUPOBaHWA KT
Mbl Pa3gennan NauyMeHToB Ha ABE MPyMnbl B 3aBUCUMOCTU OT MakKCUMAaIbHbIX May3 MexXOy »Kefygo4KOBbIMU KOM-
nnexkcamm npu ®I: naumeHTsl ¢ naydon <1,5 ¢ (113 yenosek); =1,5 ¢ (89 4enosek). O6e rpynnbl NoyYanv oguHa-
KOBYIO CTaHOAPTHYO Tepaniuio, BKIOHaA HOBbIE MEpOpasibHbIE aHTMKOaryNnsaHTbl. Mbl HabMOOaM NALMEHTOB B TeYe-
HMe OOHOro rofa ofas aHaamsa BepUMOULMPOBAHHOIO MHCYbTa UM TPaH3UTOPHOW niemmndeckon ataku (TUA). lNo-
JlydeHHbIe pe3ysibTaTtsl. [pn Y3W 0TMEHEHO yBeNMYeHME NIMHEHON CKOPOCTU KPOBOTOKA B 30HE KapOTUAHOMO CTe-
HO3a NpY PacnpPOCTPaHEHWUM MYyIbCOBOW BOJHbI MOCHE OIUTENIbHOM May3bl MEXAY COKPALLEHUSMN XKeSyJ0HKOB BO
2- rpynne 0o 2,5 M/C, Kak 1 NMpu reMOANHAMUHECKU 3HAYMMOM CTeHO3€e. [pu OQHONETHEM HabMOAEHMN YacToTa
NHCYNBTOB BbiNa Bbile BO 2-11 rpynne. 3akmoyeHne. Bo3HKHOBeEHME nHCynbTa n TUA npu @I Bbille Y NauUMeHTOB,
MMEIOLLIX May3bl MakCUMaSIbHOM MPOLOMKUTENBHOCTU 1,5 € 1 Bonee Mexxay COKpPaLLEHVNAMMN XXenyao4KoB. [pnin-
HOWM KPUMTOMEHHOIO MHCYIbTa MOXET ObITh AeparMeHTaumst atepOCKNEpOTUHECKON BASLLIKA C MOCNEOyOLLEN 3M-
Bonuen, obycnoeneHHast AOMNOAHUTENBHBIM MEXAHNYECKM BO3OENCTBMEM MOBbILLIEHHbIX FEMOOVHAMUHECKNX Napa-
METPOB My/IbCOBOW BOJIHbI NOCE ANMUTENBHOM May3bl MEXAY COKPALLEHNAMU XKeNYA04KOB.

KntoueBble cnoBa: KpUNTOreHHbIV MHCYbT, (UBPUINALNS NPeacepani, KUHETUKA MarncTpasibHbIX apTepui.

Ans untnpoBanus: 'epmaHoBa O.A., 'epmaHoB A.B., Manatu I., MNpoxopeHko V1.0., N'epmarHoB B.A. PUNTOreHHbINn
VHCYNBT Npy rbpunnaumm Npeacepanii 6e3 BHyTPUCEPAEHHOrO TPOMOA: BOSMOXKHbIE MEXaHV3Mbl. BECTHUK Meau-
ymHekoro uHetutyta «PEABUSE». Peabunvrauumsi, Bpay v 3goposse. 2022;12(2):80-89. https://doi.org/10.20340/vmi-
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Introduction

Nowadays stroke is still very common pa-
thology all over the world, despite of preventive
measures. So, in the USA up to 800 000 individ-
uals have stroke each year, the majority of which
(about 87 %) has ischemic pathogenesis and
23 % have recurrent stroke [1-3]. Moreover, in
240000 patients occur a transient ischemic at-
tack (TIA) each year [4]. In the European Union
(EU), stroke has the second position within the
most common causes of death and the main
cause of disability [5—11]. About 1,1 million inhab-
itants of the EU countries experience this pathol-
ogy every year [12] which leads to 440000 deaths
[13]. During the last decades because of preven-
tive measures that help to reduce the predictors
of stroke (for example, arterial hypertension (AH),
smoking, alcohol consumption) partly slowed
down the growth of cases, but not significantly
[14-18]. The expected number is 1,5 million of
stroke cases in 2025 in case if the 2000’s rates
remained stable, and about 1,35 million in case if
the rates will decline by 2 % every 5 years [19-22].

Within the structure of stroke, 88 % is the is-
chemic stroke (IS), 10 % - intracerebral hemor-
rhage and 2 % is subarachnoid hemorrhage.

In IS, 77 % of cases is non-lacunar stroke and
45 % is cryptogenic [1, 23-26]. So, despite of the
diagnostic and preventive measures, in many
cases of IS the reason of it remains unknown. The
logical question appears — is there any unac-
counted additional predictors of IS that we don’t
pay attention?

Atherosclerotic hemodynamically significant
lesions of carotid arteries can lead to stroke
[25-27]. Surgical correction of carotid stenosis
(operation of carotid endarterectomy, stenting) is
currently recommended in 70 % stenosis and
more [28-31]. Patients with non-significant ca-
rotid stenosis undergo medical treatment mostly
oriented on prevention of the further atheroscle-
rotic lesion growth (for example, statins). In the lit-
erature there are the publications that underline
more frequent stroke in patients with non-signifi-
cant carotid stenosis, but there is no clear expla-
nation of this fact [30-32].

Atrial fibrillation (AF) is one of the most im-
portant risk factors of cardioembolic stroke
[1, 33-37]. To prevent the complications, within
the recommendations for patients with AF there
are novel oral anticoagulants (NOACs).
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In our clinical practice, we observed numer-
ous cases of the patients with permanent AF ad-
mitted to the hospital who experience an IS de-
spite of all recommended therapy. We decided to
analyze these patients.

Aim of our investigation is to study which
variant of permanent AF without intra-heart
thrombi is the most unfavorable in appearing of
stroke.

Methods

In our investigation we included 202 patients
(99 men and 103 women) of Samara state medi-
cal university clinics, Russia.

Including criteria were: permanent AF; hemo-
dynamically not significant atherosclerotic steno-
sis of the internal carotid artery orifice (< 50 %);
signed agreement form for participation in the in-
vestigation. Excluding criteria were: hypercoagu-
lation-associated hematological diseases; intra-
heart thrombi; atrial myxoma; left ventricle or aorta
aneurysm; mechanical prosthetic valve; mitral ste-
nosis; sick sinus syndrome; myocardial infarction
(< 4 weeks); dilated cardiomyopathy. In the control
group, we included 88 people without AF.

In anamnesis, we paid attention to the previ-
ous history of stroke. The laboratory analyses ob-
ligatory included hemostasiograms, lipid profile,
hemoglobin A1c. Within the diagnostic methods,
we used transthoracic and transesophageal
echocardiography (EchoCG), 24-hours monitor-
ing of electrocardiography (ECG), ultrasound in-
vestigation of brachiocephalic arteries, sphyg-
mography (SG) of common carotid arteries, com-
puter tomography (CT) of the brain with contrast.
In EchoCG, we excluded the intra-heart thrombi
in all the patients as well as the aneurisms of left
ventricle apex, septum, wall aneurisms as the
possible future reasons of the thrombus forming.

In ultrasound of brachiocephalic arteries, we
used B-mode, Doppler, B-flow, volumetric ultra-
sound. We calculated the linear blood flow ve-
locity and the blood flow volume of common ca-
rotid artery as well as in the area of maximum

atherosclerotic stenosis of internal carotid artery.
As all the patients had permanent AF, we calcu-
lated these parameters during the spread of the
pulse wave after the minimum and after the max-
imum duration of the pauses between ventricular
contractions. We calculated the percentage of
stenosis using ECST (European Carotid Surgery
Trial), NASCET (North American Symptomatic
Carotid Endarterectomy Trial) and St. Mary’s ra-
tio criteria. Moreover, in our investigation we in-
cluded the patients with atherosclerotic stenosis
of the orifice of the internal carotid artery less
than 50 % in diameter that is hemodynamically
not significant. Also, we paid attention to the
type of the plaques that we found, especially the
non-stability signs (heterogenic structure, cal-
cium, uneven surface of plaque etc.). To detect
the type of the plaques we used Gray-Weale—
Nicolaides ultrasound classification.

In SG, we calculated the parameters of arterial
vessel wall that characterized mechanical move-
ment of outer arterial contour; speed, acceleration,
power, work. This method is non-invasive, accu-
rate and complements the data from ultrasound
investigation to make the fuller evaluation of the ar-
terial hemodynamics and wall kinetics.

We have analyzed the 24-hours ECG moni-
toring of all the patients. According to these data,
we divided all the patients into two groups up to
the maximum pauses between ventricular com-
plexes in AF:

1. Patients with a pause <1,5 seconds
(113 people).

2. Patients with a pause =1,5 seconds
(89 people).

These two groups were identical in sex, age
and comorbidities.

The patients of all groups were on the same
standard therapy recommended by current ESC
guidelines including NOACs to prevent the throm-
boembolic complications in AF. We observed the
patients during 1 year from the beginning of in-
vestigation. The additional visits were made 3, 6
and 12 months after the first visit. We analyzed
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the appearance of verified stroke or TIA in these
patients.

In statistical analyses, we analyzed ultra-
sound parameter (linear blood speed flow);
speed, acceleration, power, work calculated by
SG for all 290 patients (1 group (N = 113), 2 group
(N = 89), control group (N = 88)). We performed
one-way analysis of variance (ANOVA) to com-
pare the mean values of the independent groups
for each analyzing parameter to calculate the sta-
tistical significance (p < 0,05). To estimate the
stroke or TIA during 1 year of investigation, we
made Cox analysis. We calculated the indices of

Table 1. Patients of 1, 2 and control groups

a four-field table to establish the relationship be-
tween the pause duration between ventricular
complexes in AF and the development of stroke
or TIA within 1 year.

Results

The characteristics of groups 1, 2 and con-
trol group are presented at the table 1.

The ultrasound characteristics of the athero-
sclerotic plaques in carotid bifurcation area see
on the table 2. The internal carotid stenosis in di-
ameter is calculated by ECST, NASCET and St.

Mary’s ratio criteria.

Characteristics 1 group 2 group Control group p-value
(N=113) (N = 89) (N =88)
Age 60-69 - no. (%) 52 (46,0) 44 (49,4) 43 (48,9) NS*
Age 70-79 - no. (%) 42 (37,2) 34 (38,2) 33 (37,5) NS
Age 80+ — no. (%) 19 (16,8) 1(12,4) 12 (13,6) NS
Female sex — no. (%) 61 (54,0) 42 47,2 45 (51,3) NS
Systolic blood pressure, mm Hg 139 + 12 141+ 9 132 + 11 NS
Body mass index 23,842 229+34 23,157 NS
NYHA I-Il = no. (%) 106 (93,8) 84 (95,5) 85 (96,6) NS
NYHA Il = no. (%) 7(6,2) 5 (4,5) 3 (3,4 NS
Ejection fraction, % 56+8 58+9 617 NS
Dyslipidaemia — no. (%) 19 (16,8) 11 (12,4) 12 (13,6) NS
Myocardial infarction in anamnesis — no. (%) 4 (3,5) 4 (4,5) 3(3,4) NS
Stroke in anamnesis — no. (%) 6 (5,3) 6 (6,7) 4 (4,5) NS
CHA,DS,-VASc, mean 55 54 - NS
*NS - not significant (p > 0,05).
Table 2. Atherosclerotic plaques in 1, 2 and control groups
Characteristics 1 group 2 group Control group | p-value
(N=113) (N =289) (N =288)

Common carotid artery, middle part, .
intima-media thicknesz (IMT) i 1,1+0.1 1.1+0.2 1101 NS
Commgq ca.rotld artery in the area of bifurcation, 30 + 13 35 + 10 33 4 12 NS
stenosis in diameter, %

Internal carotid artery stenosis in diameter, % 45+ 13 45+ 15 43+ 12 NS
Type (class) I: uniformly echolucent plague — no (%) 6 (14,2) 8 (9) 1(12,5) NS
Type (class) Il: predominately echolucent plaque — no (%) 83 (73,5) 72 (80,9) 67 (76,2) NS
Type (class) lll: predominantly echogenic plaque — no (%) 4 (12,3) 9(10,1) 0(11,3) NS
Type (class) IV: uniformly echogenic plaque — no (%) 0(0) 0(0) 0(0) NS
Type (class) V: heavy calcification — no (%) 0(0) 0 (0) 0(0) NS

*NS - not significant (p>0,05).
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So, we see that the parameters of plaques
characteristics within the groups were identical.
The main factor of the difference between two
main groups was the maximum duration of
pauses between ventricular contractions in pa-
tients with AF. Also, very important thing was that
despite hemodynamically non-significant athero-
sclerotic lesions in carotid arteries in both main
groups there were the patients with type |l
plagues that potentially can be the source of the
embolic events in the brain in case if there will be
some conditions and predictors for that.

In AF we observed the following tendency: in
ultrasound investigation, there was increase of lin-
ear blood flow speed and the volume flow in the
area of carotid stenosis in the moments during
the spread of the pulse wave after the long pause
between ventricular contractions in group 2. The

speed was rising up to 2,5 m/sec as it rises when
there is the hemodynamically significant steno-
sis.The parameters of SG were increasing pro-
portionally to the linear blood flow speed meas-
ured by ultrasound, with the same tendency: the
maximum growth of arterial wall kinetic parame-
ters (speed, acceleration, power, work) was ob-
served in group 2 after the long pause between
ventricular contractions (figure 1).

Analyzing the data, we see that in general

evaluation of cardiovascular events risk up to the
CHA,DS,-VASCc score in all two main groups was
identical. So, the expected possibility of stroke
and TIA was the same in these groups.
But in 1 year of investigation, we observed the
statistically significant difference in stroke be-
tween the two main groups despite of anticoagu-
lant therapy (table 3, figure 2).

SG kinetic parameters in groups (in %) in
comparison with control group

200

146 144

150

123 119
100 100
100
i I I
0

Speed Acceleration

162
149
100 I 100 I
Power Work

 Control group ®Group 1 Group 2

Figure 1. SG kinetic parameters in groups (in %) in comparison with control group (p < 0,05)
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Stroke and TIA in 1-year investigation
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Figure 2. Stroke and TIA in 1, 2 and control groups (Cox analysis)

Table 3. Stroke in 1 year of investigation

1-year complications — no (%) 1 group 2 group Control group | p-value
(N=113) (N =89) (N =88)
Stroke 2(1,8) 5(5,6) 0 (0) < 0,05
TIA 1(0,9) 3(3,4) 0 (0) < 0,05
Discussion In our investigation, we also confirmed more

Numerous investigations lead to the com-
mon opinion that hemodynamically significant ca-
rotid arteries stenosis brings the high risk of
stroke. In this case the surgical treatment is
strongly recommended (operation of carotid
endarterectomy, carotid artery stenting). In athero-
sclerotic stenoses less than 50 % there are no in-
dications for surgical correction, and only dynamic
observation and medical treatment are prescribed
to predict the possible growing of the plaque with
further stroke complications. Multiple studies from
1978 till present time confirm the increasing of the
stroke risk in patients with hemodynamically non-
significant carotid arteries stenosis [28-32]. De-
spite of this fact was observed, there is still no clear
opinion of the mechanism and what can be the
starting torque to cause the stroke.

From the other side, the main reason of the
stroke is AF. When analyzing this arrhythmia, the
cardiologists for prevention of cardioembolic
stroke prescribe for these patients such drugs as
NOACsS.

frequent stroke in patients with hemodynamically
non-significant carotid stenosis in patients with
AF, that was more frequent in group 2 where the
pauses between ventricular contractions in AF
were 1,5 seconds and more. In all the patients we
excluded intra-heart thrombi and they regularly
took anticoagulant therapy. What could be the
source of stroke in these cases?

We believe that the reason of the stroke could
be the defragmentation of the atherosclerotic
plagues in carotid bifurcation area as well as intra-
cranial non-visualized plaques. And the starting
torque for that situation was the spreading pulse
wave after the long pause between ventricular
contractions in AF. The increased hemodynamic
characteristics (linear blood speed flow, kinetic pa-
rameters of vessel wall — speed, acceleration,
power, work) cause the additional mechanical
damage of the atherosclerotic plaque, additional
vessel stretching that can lead to embolic stroke.

Moreover, this mechanism of the additional
mechanical impact is the universal mechanism
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that also is observed in other arrhythmias, for ex-
ample, in first post-extrasystolic wave after the
compensatory pause of extrasystole, in atrioven-
tricular blockades, the first regular wave after si-
nus rhythm restoration after AF or heart palpita-
tion, in activation of the pacemaker after pro-
longed asystole as well as in the other situations
when the pulse wave with increased hemody-
namic characteristics spreads after the long
pause between ventricular contractions. We de-
scribed these effects in our previous publications
[38, 39]. And in this case the main importance will
play not only the quantity of such situations but
also more the characteristics of these pulse
waves. Even one of them can cause the destabi-
lization of the plaque with further complications.
Moreover, we were able to confirm our clinical ob-
servations in experimental cardiology using the

original device for intra-arterial circulation model-
ing created by us, where we simulated all these
hemodynamical situations [40, 41].

Conclusions

1. The more maximum duration between
ventricular contractions in AF the more increasing
of arterial vessel hemodynamic and kinetic pa-
rameters is observed.

2. The appearance of stroke and TIA in AF is
higher in those patients who have 1,5 seconds
and more of maximum duration pauses between
ventricular contractions.

3. In cryptogenic stroke, the reason of it can
be the atherosclerotic plague defragmentation
with further embolism, caused by the additional
mechanical impact of increased hemodynamical
and kinetic parameters of pulse wave after long

pause between ventricular contractions in AF.
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