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SUMMARY

Background: To evaluate the relationship between cognitive function and the data of volumetric sphygmography and speckle

tracking echocardiography in patients with heart arrhythmias.

Materials and methods: Monocentral cohort study with 33 patients. Group 1 — patients with frequent extrasystoles (ES) of Il and
more class by Lown (n = 12; 47-79 years old), group 2 - with paroxysmal atrial fibrillation (AF) (n = 14; 50-81 years old) and
control group - without serious cardiovascular diseases (n = 7; 46-75 years old). Methods: lipidograms, 24 hours ECG monitoring,
TTE, volumetric sphygmography. For cognitive function evaluation, we used the standard MoCA Test.

Results: Post hoc analysis according to Dunn showed that groups 1 and 2 differed in LA volume (p =0.002, ¢2=0.34) and
MoCA (p = 0.007, ¢2 = 0.30). Differences between groups 2 and control were also significant for LA volume (p = 0.024) and MoCA
(p = 0.045). We observed a decreasing of cognitive function in both main groups, mostly in with paroxysmal AF. Statistically signi-
ficant differences in GLS between 1 and 2 group — it was lower in group 2, characterizing the decreasing of LV systolic function.

Conclusions: In patients with frequent ES and paroxysmal AF, develop a cognitive impairment, mostly in the group with
paroxysmal AF. Increased arterial stiffness parameters (R-CAVI, L-CAVI) and LA structural changes (increased LA volume,
decreased LA strain) are significant predictors of cognitive impairment. The group of patients with paroxysmal AF differed most

significantly from the control group in all key parameters.

Key words: CAVI - cognitive function - heart arrhythmias — left atrial strain — MoCA

Abbreviations: ABI - ankle brachial index; AF — atrial fibrillation; CAVI - cardio-ankle vascular index;
EchoCG - echocardiography; ES —extrasystoles; GLS - global longitudinal strain; LA — left atrium; LV - left ventricle;
LVEF - left ventricle ejection fraction; MoCA - Montreal Cognitive Assessment test; TTE - transthoracic echocardiography;

RV —right ventricle; TR —tricuspid regurgitation
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INTRODUCTION

Promising technologies in transthoracic echocar-
diography (TTE) during the last years help the imagers
to evaluate more deeply the heart, in its structural and
functional parameters. Tissue strain imaging is a
technique in echocardiography (EchoCQG) that allows
for the quantitative assessment of myocardial strain
based on ultrasound strain and strain rate. The strain (g)
value is relative, so it is expressed in %. If the object is
lengthened, the strain is positive, if it is shortened, it is
negative. The deformation of the myocardium, expres-
sed as a one-dimensional object, is designated as strain
(¢). The strain can be calculated throughout the entire
cardiac cycle if the initial length of the myocardial
segment being studied is known. The strain reflects the
total deformation during the cardiac cycle relative to the
initial length (the length at the beginning of the cardiac
cycle) (Badano et al. 2018, Galderisi et al. 2017). In the
method of left atrium (LA) strain evaluation, there are
three main parameters: LA reservoir strain (total,
general), LA conduit strain (positive, early diastolic),

LA contractile (pump) strain (negative, late diastolic)
(Robinson et al. 2024).

Sphygmography is the method of non-invasive eva-
luation of arterial stiffness parameters in different disea-
ses. It was actively used in the 1980s. The current publica-
tions, since 2006, use evaluation the CAVI parameter,
which reflects the rigidity of the aorta and its branches,
and does not depend on arterial pressure (Shirai et al.
2006). Currently, this parameter is included in the concept
of the so-called "vascular age" and serves as an additional
marker of the severity of systemic atherosclerosis. In our
previous publications, we used the data of sphygmo-
graphy in arterial function evaluation in heart failure,
extrasystolic arrhythmia, atrial fibrillation (AF) (Galati et
al. 2022, Germanova et al. 2020, 2022, 2023). However,
it is still not studied the dependence between cognitive im-
pairment and main parameters of sphygmography and spe-
ckle tracking EchoCG in patients with heart arrhythmias.

Aim of investigation is to evaluate the relationship
between cognitive function and the data of volumetric
sphygmography and speckle tracking echocardiography
in patients with heart arrhythmias.
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MATERIALS AND METHODS

We performed monocentral cohort study with parti-
cipation of 33 patients. Group 1 — patients with frequent
extrasystoles (ES) of II and more class by Lown (n =
12; 1 men, 11 women; 47-79 years old), group 2 - with
paroxysmal atrial fibrillation (AF) (n = 14; 4 men, 10
women; 50-81 years old) and a control group - without
serious cardiovascular diseases (n = 7; 5 men, 2 women;
4675 years old). Patients were selected from January to
August 2024 at Samara state medical university clinics.
All patients were asymptomatic in clinical manifes-
tations of heart arrhythmias. Exclusion criteria: chronic
heart failure NYHA III-1V, history of stroke, dementia,
serious somatic and mental illnesses. Written informed
consent was obtained from all participants prior to
enrollment in the study. Laboratory and instrumental
methods included standard investigations: lipidograms,
24 hours ECG monitoring, TTE, volumetric sphygmo-
graphy.

All patients underwent EchoCG with additional
speckle tracking analysis of parameters of left ventricle
global longitudinal strain (GLS), LA reservoir strain,
LA conduit strain, LA pump strain. Speckle tracking
was performed in an automatic mode with manual
correction on Philips EpicCVx echo machine. Normal
GLS was 20% and more, normal LA strain parameters
varied due to the gender and age and were normalized
due to the current ESC clinical recommendations. In
TTE protocol, we followed the current clinical standards
(Badano et al. 2018). We followed the main principles
for more accurate calculation of speckle tracking data:
good quality of image; minimal sector of width and
depth; high-quality visualization of the endocardium;
recording ECG for at least 3 cycles; the patient was
holding his breath; required images were - apical long
axis, apical 4 chamber, apical 2 chamber; if it was
possible, we used the same R-R interval; frame rate in
recording was ~ 60-90 fps. The limitations of the
method were: arrhythmia bigeminy type; suboptimal
visualization.

p=0.018
[ p=0.039

MOCA

The parameters of volumetric sphygmography inclu-
ded international CAVI index - of the right (R-CAVI)
and left (L-CAVI) extremities. For the evaluation, we
used Fukuda VaSera 1500N sphygmograph (Japan);
vascular lesions were considered if the ABI value was
<0.9. The CAVI data from the patients was analyzed
automatically in the up to the age and gender (program
VSS-10, S/Ne50000246).

For cognitive function evaluation, we used the stan-
dard MoCA Test validated and translated for the Russian
Federation. The interpretation of the results was the fol-
lowing: normal result — 28-30 points; mild cognitive im-
pairment — 22-27 points; moderate cognitive impairment
—10-21 points; severe cognitive impairment — 0-9 points.

We followed the principles of evidence-based medi-
cine. The study was performed in accordance with the
principles of the Declaration of Helsinki. The research
protocol was approved by the Ethics Committee of
Samara State medical university. In statistical analysis,
between-group comparisons were performed using one-
way ANOVA for normal data followed by Tukey post
hoc or Kruskal-Wallis test with Dunn post hoc for non-
normal distributions. Post hoc significance was set at p
< 0.05. Effect size was expressed as n?> for ANOVA and
€2 for non-normal test. Correlations between MoCA and
indices (R-CAVI, L-CAVI, LA strain) were assessed
using Spearman. In our work, we used statistical
programs R 4.1 and SPSS 27.

RESULTS

Table 1 demonstrates the main characteristics of the
groups, including arterial stiffness and LA parameters.

Post hoc analysis according to Dunn showed that
groups 1 and 2 differed in LA volume (p = 0.002, & =
0.34) and MoCA (p = 0.007, & = 0.30). Differences
between groups 2 and control were also significant for
LA volume (p = 0.024) and MoCA (p = 0.045). We
observed a decreasing of cognitive function in both
main groups with patients with heart arrhythmias,
mostly in group 2 — with paroxysmal AF (Figure 1).
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Figure 1. MoCA within the groups
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In addition, we observed statistically significant Table 2 shows the Spearman correlation coefficients
differences in GLS between 1 and 2 group — with ES between MoCA and key parameters.
and paroxysmal AF — this parameter was lower in group Figure 3 demonstrates the correlation between
2, characterizing the decreasing of LV systolic function MoCA and R-CAVI parameter.
(Figure 2).
Table 2. Correlations of MoCA with arterial stiffness and LA parameters (n = 33)
Parameter rs 95% CI p
R-CAVI -0.411 [-0.695; -0.016] 0.037
L-CAVI -0.434 [-0.709; —0.044] 0.027
LA volume -0.482 [-0.733; -0.146] 0.006
LA reservoir strain 0.528 [0.209; 0.757] 0.002
Pair Spearman's rs 95% CI p-value
MoCA, Age -0.229 -0.574 to 0.186 0.26076
MoCA, LA reservoir strain % 0.117 -0.294 to 0.492 0.56928
MoCA, LA conduit strain % -0.106 -0.483 to 0.304 0.60558
MoCA, LA pump strain % 0.195 -0.219 to 0.550 0.33897
MoCA, RV strain % 0.051 -0.390 to 0.473 0.82153
MoCA, LV volume ml -0.098 -0.477 to 0.312 0.63428
MoCA, LV indexed volume ml/m? -0.128 -0.500 to 0.284 0.53301
MoCA, E/A -0.022 -0.424 to 0.387 0.91788
MoCA, E/e' -0.154 -0.520 to 0.259 0.45134
MoCA, TR speed, m/sec 0.152 -0.261 to 0.519 0.45750
MoCA, LV relative thickness -0.049 -0.438 to 0.355 0.81113
MoCA, LV indexed mass g/m’ -0.188 -0.545 to 0.227 0.35843
GLS%
W Control
5 T Re——y : :::;axs::r;ual:aatrial fibrillation

Control extrasystolia

Group

paroxysmal atrial fibrillation

Figure 2. GLS (%) between the groups

30

MoCA

5 ] 7 8 S8 10 11
R-CAVI

Figure 3. Correlation of MoCA score and R-CAVI. Scatter plot with regression line
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The results demonstrate that increased arterial stiff-
ness (R-CAVI, L-CAVI) and LA structural changes
(increased LA volume, decreased LA strain) are signi-
ficant predictors of cognitive impairment. The group
of patients with paroxysmal AF (group 2) differed
most significantly from the control group in all key
parameters.

DISCUSSION

Arrhythmias, such as ES and AF, remaining the
problem for millions of people all over the world, being
one the most frequent kinds of cardiological pathologies
(Al-Khatib SM et al. 2018, Joglar JA et al. 2024). Many
complaints are associated with the sensation of
palpitations, “stopping the heart”, cardiophobia, that
makes this problem multidisciplinary, because in some
cases for the primary visit the patients goes to get the
consultation of psychotherapist. Frequent ES and AF,
especially with RR intervals on ECG 1,5 seconds and
more are associated with the higher level of
cardiovascular complications (stroke, transient ischemic
attack, myocardial infarction, distal arterial embolisms
of the other basins) (Germanova O et al. 2020, 2022,
2023). The risk of these complications does not differ in
patients who are asymptomatic in heart arrhythmias.
Moreover, being asymptomatic and less examined, they
remain without proper antiarrhythmic therapy, which
increases the risk of cardiovascular complications in this
category of patients. Asymptomatic patients undergo the
structural changes in the heart chambers that lead to the
progression of fibrosis and appearance of more severe
arrhythmias.

From the other side, within the routine investigation
of EchoCG during the last years it is more often
performed the new modes — speckle tracking of the LV,
LA and RV. In the last recommendations of the British
Society of Echocardiography, LA strain is within the
recommended methods of the routine LV diastolic
function evaluation and an additional instrument of non-
invasive research of structural changes (including
fibrosis) of the LA (Robinson et al. 2024). Chronic
ischemia, hemodynamic changes and microcirculation
disturbances, associated with heart arrhythmias,
especially frequent ES and paroxysmal AF, can lead to
the cognitive impairment in the long-term period, as we
revealed in our research. The results of our study
demonstrate that increased arterial stiffness measured by
volumetric sphygmography (R-CAVI, L-CAVI) and LA
structural changes (increased LA volume, decreased LA
strain) appeared the significant predictors of cognitive
impairment, especially in the group of patients with
paroxysmal AF that differed most significantly in all
key parameters from the control group.

Early detection of heart arrhythmias, timely correc-
tion of treatment and prescription of antiarrhythmic
therapy, as well as the use of new promising diagnostic

methods (such as speckle tracking EchoCG, CAVI
indication with “vascular age” detection) will improve
the prognosis in cognitive function and quality of life of
this category of patients.

CONCLUSIONS

= In patients with frequent ES and paroxysmal AF,
develop a cognitive impairment, mostly in the group
with paroxysmal AF.

= Increased arterial stiffness parameters (R-CAVI, L-
CAVI) and LA structural changes (increased LA
volume, decreased LA strain) are significant pre-
dictors of cognitive impairment. The group of
patients with paroxysmal AF (group 2) differed most
significantly from the control group in all key
parameters.
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