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Abstract

Global longitudinal strain has been established as a reliable tool to assess global left ventricular function and a marker of subclinical left
ventricular dysfunction unrecognized by the ejection fraction. On the other hand, ventricular arrhythmias are the most common cause
of sudden cardiac death. Their early detection is a challenge. Possible prognostic markers for the risk of ventricular arrhythmias are dis-
cussed in the literature — electrocardiographic, cardiac magnetic resonance, computed tomography, radionuclide imaging, and markers
from new echocardiographic techniques. Of the latter, at this stage of knowledge, several markers have been discussed as informative for
predicting ventricular arrhythmias — global longitudinal strain, radial strain and mechanical dispersion, and most recently, myocardial
work. As far as we are informed, global longitudinal strain is particularly useful in patients with normal echocardiographic parameters
such as left ventricular ejection fraction, left atrial diameter, left ventricular wall thickness, and aortic root. The relationship between
mechanical dispersion and ventricular arrhythmias has been widely studied. The relationship has been studied more in some patient
populations — heart failure, ischemic heart disease, long QT syndrome and arrhythmogenic cardiomyopathy, congenital heart disease.
The role of mechanical dispersion as a predictor of ventricular arrhythmias in metabolic syndrome is scarce.
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INTRODUCTION

LVEF has been a primary tool for assessing systolic func-
tion. Its limitations associated with volume-only assess-

Cardiac arrests in the emergency rooms are usually caused
by disturbances in the heart rhythm such as ventricu-
lar fibrillation or ventricular tachycardia. The underlying
mechanisms are multifactorial in nature. Heterogenous
ventricular activation is most often due to cardiac fibrosis,
an aftermath of tissue damage.

Echocardiography plays an important role in the eval-
uation of the structural substrate for arrhythmogenesis.
The benefits are that it is noninvasive, easily accessible, and
portable. Most often this is done by measuring the left ven-
tricular ejection fraction (LVEF). For more than 60 years,

ment have been documented over time due to technical
constraints, such as poor repeatability, geometric variation,
and load dependence.l!) Therefore, ejection fraction is an
indirect measure of systolic function. Data in the literature
shows that left ventricular ejection fraction is not reliable.
This is confirmed by the fact that a majority of patients
preserve LVEF in 30% to 40% of cases of sudden cardiac
death in patients with heart failure. Clinical practice needs
to have a more reliable parameter than LVEF to stratify the
risk of ventricular arrhythmias.
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Speckle-tracking echocardiography has several ad-
vantages for assessing myocardial function. It enables a
thorough assessment of cardiac mechanics since strain
measurement is extremely sensitive in detecting systolic
dysfunction that the ejection fraction cannot detect.?*]
Global longitudinal strain (GLS) has been established as a
reliable tool for assessing global LV function and a marker
of subclinical LV dysfunction over the past 15 years."”)

On the other hand, early identification of patients at risk
for ventricular arrhythmias is difficult in clinical practice,
particularly in patients with LVEF >35%, despite the fact
that ventricular arrhythmias are the most common cause
of sudden cardiac death.>1% Possible prognostic markers
for ventricular arrhythmia risk are discussed in the liter-
ature —electrocardiographic, cardiac magnetic resonance
markers, computed tomography, radionuclide imaging
and markers from new echocardiographic techniques.-2")
Several of these markers are discussed as informative for
predicting ventricular arrhythmias -global longitudinal
strain, radial strain and mechanical dispersion as poten-
tial markers for ventricular arrhythmias, and most recent-
ly, myocardial work as a potential marker for arrhythmia
risk.!

On the one hand, ventricular arrhythmias might de-
velop as a result of channelopathies, toxicity, or other
unknown reasons. On the other hand, in practice, struc-
tural heart disease is a quite common cause of ventricular
arrhythmias. Echocardiography is applied in the evalua-
tion of structural and functional cardiac problems and,
in recent years, to detect patients at high risk of ventric-
ular arrhythmia. Mechanical contraction of the heart is
an end product of electrical conduction in the heart and
cardiomyocyte depolarization (excitation-contraction
coupling).l®! Pathological changes in myocardial activity
magnitude and timing lead to changes in electrocardio-
gram recordings. These slight electrical variations must
logically be transferred into mechanical variations. In-
traventricular conduction delay and dispersion (QRS) are
associated with an increased arrhythmia risk in a number
of heart diseases and are commonly assessed by QRS and
QT duration.”! Physiological variability in QRS and QTc
intervals is associated with slight but significant changes
in myocardial deformation patterns. Better longitudinal
stress parameters and increased mechanical dyssynchro-
ny have been associated with longer QTc and increased
QRS delay. Integrating the effects of ventricular conduc-
tion delay on repolarization, myocardial mechanics, and
synchrony is probably going to improve our understand-
ing of electromechanical coupling.””) The idea of using ad-
ditional echocardiographic markers for arrhythmogenic
burden with electrocardiographic ones has a beneficial
practical application. The need of new echocardiographic
markers to assess myocardial function and arrhythmo-
genic burden, and their prognostic value, is the subject of
our current review.

Left ventricular echocardiographic
parameters for evaluating myocardial
function and arrhythmogenic burden and
their prognostic value

Strain imaging

Initially, strain imaging was used as a function of tissue
Doppler imaging.??! From three projections: three-cavity,
four-cavity and two-cavity, longitudinal, circumferential,
and radial deformations, as well as torsion, are quanti-
fied.?3] Of the three, longitudinal deformation is the most
applicable due to high reproducibility!*), but also the sub-
endocardial layers where the longitudinal fibers are locat-
ed are most vulnerable to ischemial?®!. Longitudinal strain
provides the best information on cardiac mechanics, by
quantifying GLS, regional strain, mechanical dispersion
(MD) and, lately, myocardial work as cardiovascular out-
come potential markers, including arrhythmia risk.

Global longitudinal strain of the left ventricle

Data in the literature in recent years demonstrate that GLS
can detect left ventricular systolic dysfunction at an earli-
er stage than the ejection fraction.!?*! This fact has its own
logical explanation. Ejection fraction is based on volume
measurements, while GLS assesses myocardial contractile
function. Therefore, the first is an indirect surrogate, and
the second a direct surrogate of systolic function. Secondly,
GLS reflects the function of the longitudinal fibers that are
in the subendocardium, and they are the ones that are most
vulnerable to ischemia. It is a fact that coronary perfusion
spreads from the subendocardium to the subepicardium.
And, last but not least, there is much data that GLS cor-
relates with the size of the infarct area, with myocardial fi-
brosis and the neurohumoral response. 2526

Fig. 1 shows GLS (18% -slightly decreased) in a patient
with normal LVEF (62%) and normal MD (44.8 msec).
These results suggest more frequent monitoring of these
parameters. A decrease in GLS and a prolongation of MD
will lead to a change in therapeutic behavior.

At this stage of knowledge, GLS is particularly suitable
for patients with normal echocardiographic parameters
such as left ventricular ejection fraction, left atrial diameter,
left ventricular wall thickness, and aortic root.

Informative value of GLS for ventricular
arrhythmias

Data from the literature demonstrate that GLS is prognos-
tic in relation to cardiovascular events, in contrast to ejec-
tion fraction and Killip class.!?’2°! Despite heterogeneity in
endpoints, monitoring and duration of follow-up, GLS pre-
dicts ventricular arrhythmias. Moreover, GLS can be used
to select candidates suitable for an implantable cardioverter
defibrillator (ICD).

At this stage, ventricular arrhythmia and sudden cardiac
death risk stratification at an ejection fraction below 35%
is considered suboptimal. But at present, it is relied mainly
on this fact.l**-32] In a study by Ersboll et al., the authors es-
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Strain

GS=-18.1%

Figure 1. Examples of the longitudinal strain bull’s eye plot in a patient with arterial hypertension, a 55-year-old male; metabolic syn-

drome; basal septal wall thickness is 14 mm, left ventricular posterior wall end diastole is 9 mm, and LVEF is 62%.

tablished the significance of GLS provides important prog-
nostic information in patients with LVEFs >40% above and
beyond traditional indexes of high-risk MI.!!!]

In a prospective study, Ersbell et al. state that GLS leads
to the determination of the risk of ventricular arrhythmias
in myocardial infarction acute phase of up to 48 hours.
Both GLS and MD were significantly and independently
related to sudden cardiac death/ventricular arrhythmias
in these patients with acute myocardial infarction. In this
study GLS improved risk stratification above and beyond
existing risk factors. GLS was significantly reduced in pa-
tients who presented with ventricular arrhythmias com-
pared to patients who did not.[!3]

According to data from Haugaa et al., in patients with a
prolonged QT interval it was observed that left ventricular
mechanical dispersion measured by tissue Doppler imag-
ing was superior to the corrected QT interval.** This could
better the clinical approach in patients with a prolonged
QT interval.

A study by the same team Haugaa et al. in patients af-
ter myocardial infarction and ICD, only the combination
of MD and GLS can select with greater precision suitable
patients for ICD therapy, especially those with an ejection
fraction of >35%. The study has multiple limitations of a
technical nature.[34l

In patients with a corrected tetralogy of Fallot, Van
Grootel et al. discovered that left ventricular as well as right
ventricular longitudinal strain add additional information
to the routine prognostic risk evaluation of sudden cardiac
death and the development of heart failure.*"!

In ischemic heart disease, the role of GLS as a ventric-
ular arrhythmia prognostic marker is controversial. A me-

ta-analysis found that GLS was not associated with ventric-
ular arrhythmias. ¢!

Data from a large study such as MADIT-CRT provides
strong evidence unlike meta-analyses. In myocardial in-
farction, there is other data that GLS predicts ventricular
arrhythmias, but in a retrospective analysis or in a compos-
ite outcome with heart failure or mortality. In a substudy
of MADIT-CRT with continuous rhythm monitoring and
assessment of ventricular arrhythmias[36], GLS was found
to correlate with ventricular arrhythmias in nonischemic
cardiomyopathies. Regardless of the small number of pa-
tients with nonischemic cardiomyopathy, greater MD was
associated with a higher incidence of ventricular tachycar-
dia (VT), ventricular fibrillation (VF).[37]

Data from the beginning of 2024 shows that GLS is a
useful indicator in finding suitable patients with hypertro-
phic cardiomyopathy who are implantable cardioverter de-
fibrillator candidates, confirming the strong link between
GLS and fatal arrhythmias and sudden cardiac death.**!

Mechanical dyssynchrony, mechanical
dispersion and ventricular arrhythmia

Nature of mechanical dyssynchrony

Mechanical dyssynchrony represents the inhomogeneity
of myocardial contraction within the boundaries of the left
ventricle. For several decades, mechanical dyssynchrony
has been applied in ventricular arrhythmia prediction in
specific patient groups and to identify those suitable for re-
synchronization therapy. In medical practice, mechanical
dispersion is the most commonly used measure of dyssyn-
chrony.*”!
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Nature of mechanical dispersion

Generally, in a 16-segment model, MD is defined as the
standard deviation of peak longitudinal strain time. MD
has excellent reproducibility (intra-and interobserv-
er —0.95 and 0.94).1% Fibrosis results in a heterogeneous
contraction pattern as it leads to electrical dispersion. The
latter affects the activation time as well as the refractori-
ness. MD correlates with fibrosis, therefore correlates with
the risk of ventricular arrhythmias. Data on MD in healthy
subjects are scarce, and it has mainly been studied to pre-
dict ventricular arrhythmias.[*!

Rodriguez-Zenella et al. are the only ones that set them-
selves the task of determining reference values in healthy
people. They studied 334 healthy volunteers (Caucasian
race, mean age 54 years, 54% female). They found a total
normal value of 3410 ms with an upper limit of 56 ms. No
difference in MD was found between men and women, but
it increased with age. The authors found that age, GLS, and
E/e were independently correlated to MD. 4!

Aagaard et al. studied not only healthy individuals but
included 2529 participants. They found that ischemic heart
disease, hypertension, GLS, € and left ventricular ejection
fraction correlated with higher MD.[28]

Mechanical dispersion and ventricular arrhythmias

The association between MD and ventricular arrhythmias
has been widely studied, similarly to GLS. Some patient
populations have been studied more thoroughly - those
with heart failure®#? and ischemic heart disease!!*32),
prolonged QT interval syndromel®3 and arrhythmogen-
ic cardiomyopathy!®*, also in congenital heart diseasel3).
There are two systematic reviews evaluating the potential
of MD to predict ventricular arrhythmias.

Kawakami et al. made an ischemic cardiomyopathy me-
ta-analysis, including 12 studies with a total of 3198 patients
during 17 to 70 months of follow-up. The analysis showed
higher MD in patients with ventricular arrhythmias and in-
dependently associated with them, and that MD was better
than left ventricular ejection fraction and GLS for predic-
tion of ventricular arrhythmias. A limiting factor is the het-
erogeneity of the included studies. However, Kawakami et
al. discovered that a 1-SD change in LVMD was a stronger
predictor of VA events compared with the same changes in
LVEF and GLS. The patients with VA events had signifi-
cantly greater mechanical dispersion compared with those
without VA events, with 60 ms being an acceptable cutoft
LVMD value for predicting VA events. An interesting claim
made by Kawakami et al. is that MD in CRT patients can-
not predict ventricular arrhythmias because CRT influenc-
es arrhythmia risk and regional timing. (1]

Unlike previous data, Harapoz et al. presented the possi-
bilities of MD in 346 patients with non-ischemic cardiomy-
opathy in a meta-analysis, finding no significant association
between MD and ventricular arrhythmias. A limiting factor
is the small number of subjects included. What remains an
open question is whether MD is an important ventricular
arrhythmia predictor in non-ischemic cardiomyopathy as

opposed to ischemic cardiomyopathy, in which pathophys-
iological mechanisms lead to the spread of fibrosis in the
myocardium.#?)

In the MADIT-CRT study of 1064 patients with con-
tinuous rhythm monitoring, Biering-Serensen et al. found
that for a mean of 2.9 years, those who had ventricular
arrhythmias had similar MD to those without ventricular
arrhythmias. 3¢

Kutyifa et al. claim in their analysis that baseline MD does
not predict ventricular arrhythmias. However, patients with
left-bundle branch block CRT who improved their MD after
12 months had a lower risk of ventricular arrhythmias.*”’
Van der Bijl et al. drew similar conclusions in a retrospective
study of 1185 patients, namely that MD at 6 months predicted
ventricular arrhythmias.®?! Almost all relevant studies high-
light the important issue that the timing of MD examination
is very important when evaluating its prognostic value.

In the MeDiPace transcatheter aortic valve implanta-
tion study, MD was considerably higher in patients who
required a pacemaker following transcatheter aortic valve
implantation compared with patients without a pacemak-
er. Additionally, MD and right-bundle branch block were
independent predictors of pacemaker implantation follow-
ing transcatheter aortic valve implantation. MD improves
prognosis when combined with right-bundle branch block.
These results suggest that PM implantation in patients with
normal MD should be avoided.!*3!

In a 2020 study in the middle-aged general population,
the predominant coronary heart disease and hypertension
were linked to increased mechanical variance, which prob-
ably indicates an increased fatal arrhythmia and sudden
cardiac death risk. Although less severe, systolic and dia-
stolic dysfunction are also linked to increased mechanical
dispersion.[?8]

There is scarce data in the literature on MD in patients
with metabolic syndrome, which covers a huge cohort of
patients in clinical practice, with the scope of a pandem-
ic.l*!) The term “metabolic syndrome” encompasses a group
of disorders characterized by central obesity, hypertension,
impaired glucose tolerance, and atherogenic dyslipidemia.
Insulin resistance and type 2 diabetes cause a variety of
functional, metabolic and structural changes leading to
myocardial damage and heart failure progression. Echo-
cardiography is a first-line research method for studying
cardiac structural and functional changes associated with
metabolic syndrome and type 2 diabetes. As the review of
literature shows, changes in all indicators of left and right
ventricular systolic and diastolic function in metabolic syn-
drome have not been studied. 2D strain echocardiography
can detect early left ventricular dysfunction as well as the
asymptomatic stage of metabolic syndrome. The latter af-
fects the functional state of the heart by causing a decrease
in GLS. In the case of normal GLS in metabolic syndrome,
regional strain is reduced. GLS reference limits in metabol-
ic syndrome patients have not been established. Data on
the role of MD as a ventricular arrhythmia predictor in
metabolic syndrome is scarce.*]
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Regional strain of the left ventricle

GLS demonstrates the global LV deformation, the assess-
ment of the tissue deformation in certain areas of the left
ventricle is done by regional strain. Through the gold stan-
dard examination of the myocardium, it is established that
longitudinal and radial deformation are progressively im-
paired by non-, peri- and infarct zones.[3?)

In the VALIANT study, regional strain was found to be
impaired in areas that were assessed as normokinetic. On
the other hand, a greater number of segments with im-
paired regional strain is associated with higher mortality
and heart failure.[*)

Biering-Serensen et al. reveal a very important clinical
fact that reduced regional strain outside the area of the cul-
prit artery demonstrates limited reserve after myocardial
infarction.[?%! There is evidence that regional strain is asso-
ciated with a greater likelihood of left ventricular thrombus
formation. A limiting factor for regional strain compared
to GLS is its poorer reproducibility and heterogeneity.”’

Informative value of regional strain for ventricular
arrhythmias

In myocardial infarction patients, the presence of fibrous
tissue in the myocardial zone is the substrate with ar-
rhythmogenic potential. At the same time, the peri-infarct
zone has intermediate non-transmural fibrosis, which
leads to electrical dispersion, delayed conduction, and
one-way block. The latter produce substrates for ventric-
ular arrhythmias.[*”!

There is scarce data in the literature on the informative
value of regional strain in relation to ventricular arrhyth-
mias than GLS and MD. Nguyen et al. studied the potential
of regional strain to predict ICD in 424 ischemic cardio-
myopathy and a prophylactic implanted cardioverter de-
fibrillator patients. It was found that regional strain in the
peri-infarct zone was independently related to the need for
an ICD.[""] Hoogslag et al. studied the informativeness of
regional strain for predicting proper treatment with ICD
or cardiac mortality by echocardiography at baseline and
at 3 months in 79 patients with myocardial infarction. No
difference was found in regional strain identified in infarct,
peri-infarct or remote area at baseline between patients.[*®!
In a 25-month follow-up of 51 patients with documented
ventricular arrhythmias or 24-hour Holter monitoring,
recording at hospitalization or electrophysiological exam-
ination. Data shows that longitudinal and circumferential
strain demonstrate high AUCs for detecting ventricular
arrhythmias. Furthermore, only abnormal circumferential
peri-infarct strain and MD were independently related to
ventricular arrhythmias. More massive myocardial infarc-
tions are not limited to subendocardial ischemia, reflected
in GLS, but also reduce circumferential strain.>”!

In heart failure patients, MADIT-CRT is the largest
study to investigate the potential of regional longitudinal
strain and its role in predicting ventricular arrhythmias. 3!

Biering-Serensen et al. studied 1064 patients and found
that longitudinal strain in the lower and posterior segments

Predictors of Ventricular Arrhythmias

of the left ventricular wall correlated with the occurrence of
ventricular tachycardia/flutter.2%) A study from Denmark
with 401 patients demonstrated the association between
inferior wall deformation and ventricular arrhythmias.[?*!
One of the hangings is differentiation of the parasympa-
thetic and sympathetic innervation of the left ventricle and
differential deformation of the wall.[?”]

Data from the literature verify the gold standard of
cardiac MRI to anatomically detect areas of dysfunction-
al myocardium and predict ventricular arrhythmias and
mortality.[*"]

Guidelines for future research on strain
measurements

Although GLS, MD, and regional strain are the most widely
studied strain indicators in terms of predicting ventricular
arrhythmias, theoretically any other indicators of myocar-
dial mechanics may have prognostic value. The latter in-
clude indicators of paradoxical movement and myocardial
work. However, currently, their associations with ventricu-
lar arrhythmias have been poorly studied.

Paradoxical motion is a change in myocardial tissue
motion, with left ventricular segments lengthening when
they should be shortening. In clinical practice, it most of-
ten appears as early systolic lengthening or as postsystolic
shortening. Paradoxical motion is most commonly ob-
served in ischemic heart disease and shows ischemic seg-
ments with potential tissue viability. Nevertheless, they can
also occur in other conditions, including conduction ab-
normalities and mitral annular disjunction. It should also
be mentioned that to some extent, they may occur under
regular circumstances as part of normal physiology. These
indices of myocardial deformation are highly correlated
with ischemia and possibly with the extent of myocardial
involvement. It is logical that they are also markers for an
increased risk of ventricular arrhythmias. But this claim
needs to be proven.[*"!

In a study of 569 patients, Haugaa et al. found that pa-
tients who developed ventricular arrhythmias had a higher
degree of postsystolic shortening, (postsystolic stress in-
dex), compared to patients without ventricular arrhyth-
mias. All patients had a left ventricular ejection fraction
>35%. Postsystolic strain index was not an independent
predictor of ventricular arrhythmias when MD was includ-
ed.33 Groeneveld et al. also demonstrated a more frequent
and widespread postsystolic shortening in patients with id-
iopathic ventricular arrhythmias.5!

The latest trend in strain development is a new method
for assessing myocardial performance with pressure-strain
loop analysis. This method, introduced by Russell et al. in
2012, enables assessment of the myocardial performance by
combining data on strain, arterial blood pressure, and val-
vular event time. This method has excellent reproducibility.
Inclusion of arterial pressure as an afterload assessment as-
sesses systolic function in more detail.[5?]

Practical approaches to measure myocardial perfor-
mance are described in detail in the literature. A signifi-
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cant point in the measurement is the information obtained
about the constructive work, wasted work and work effi-
ciency. All three are affected by the paradoxicality of mo-
tion. And the latter can point us to the risk of ventricular
arrhythmias.[>*!

In a meta-analysis, Truong et al. provide echocardio-
graphic reference ranges for noninvasive indices of myo-
cardial work. As reference for clinical and research use
these normal values could serve. Echocardiographic ref-
erence ranges for indices of myocardial work were estab-
lished. Gender significantly contributed to variations in
normal values of myocardial work. Myocardial work indi-
ces had excellent and good intra- and interobserver repro-
ducibility.>¥ It is yet to be proven whether or not evaluat-
ing myocardial work has a clinical relevance.

At this stage, it is assumed that myocardial performance
provides clinical information superior to GLS. This is what
the literature shows. A case report by Jaworski et al. dis-
cusses the possible application of regional work in a patient
with ventricular fibrillation.*) In a study of hypertrophic
cardiomyopathy in 110 patients, Hiemstra et al. found con-
structive work to be a predictor of a composite clinical end-
point that included sudden cardiac death and ICD therapy,
which was found in 11 of 24 cases.!*®!

Currently, there is no data on the relationship between
myocardial performance and ventricular arrhythmia risk.
This question remains to be clarified in additional clinical
studies.

CONCLUSION

Data on the relationship of strain assessment (GLS and
MD) and ventricular arrhythmias in a large spectrum of
cardiovascular diseases demonstrate likely clinical utility.
At this stage, there is a lack of studies that evaluate whether
or not a patient is suitable for an implantable cardioverter
defibrillator by randomizing based on strain measurement.
The new methods —paradoxical movement and myocardial
work are far from being a prognostic factor. Much more
research is necessary in this direction, but the need for the
clinician to support these methodologies is likely to give
impetus to such research.
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Pe3tome

I'mo6anbHas npoponbHas feGopMalys Oblla yCTaHOBIEHA KaK HaJEKHBII MHCTPYMEHT [ OLIeHKM I7TT00a/IbHOI GPyHKIMY JIEBOTO
XKeNTyouKa M MapKep CyOKIMHNYecKoil TucdyHKIUY JIEBOTO JKeTyJouKa, HepaclosHaBaeMoil ppakinmeit Bei6poca. C pyroii cTo-
POHBI, >KeTyJOYKOBbIe apUTMUM ABJIAITCA Hanbojee pacpoCTPaHEHHOI IPUYMHOI BHE3ANHON cepiedHoll cMepTin. VIX paHHee
BBIABJICHME SABJIACTCSA CJIOKHOI 3azjadert. Bo3MOXKHbIe IPOTHOCTIYECKMe MapKepPhl PICKa SKeTyOUYKOBBIX apUTMUIT 00CYXKIAI0TCA
B JINTEPAType — 3NIeKTPOKapAorpaduuecKiie, MarHUTHO-Pe30HAHCHbIE, KOMIIbIOTEPHbIE TOMOrpaduy, palMOHyK/INHbIE BU3yaI3a-
IIVIM ¥ MapKepbl HOBBIX 9XOKapayorpadguueckux MeTofoB. V3 moce HNX Ha JaHHOM 3Talle 3HaHMII HeCKOTIbKO MapKepoB 00Cyx/a-
JUCh KaK MHGOPMATUBHBIE /1A MPOTHO3VMPOBAHMA JKETYJOUKOBBIX apUTMUIL — II00aIbHAsA IPONOIbHASA AeOpMals, pajjianbHas
nedopManua u MeXaHUYeCKas JUCIEPCY, a COBCEM HelaBHO — paboTa MyoKappa. Hackombko HaM M3BeCTHO, INI00a/IbHAsA IIPOJOTIb-
Has jgedopMarya 0COOEHHO I0/Ie3Ha Y IAIMEeHTOB C HOPMATbHBIMM 9XOKapAMorpadyyecKyMy IapaMeTpaMy, TaKUMU KakK Qpak-
IV BBIOPOCA JIEBOTO JKENMy0UKa, JMaMeTp JIEBOTO MPeICep/Nis, TOMIIHA CTEHKM JIeBOTO JKeTyouKa M KOpeHb a0pThl. CBA3b MEX/Y
MeXaHWYeCKOI JMCIepCHeil M XKeMyTOYKOBBIMU apUTMIIAMY IIMPOKO M3ydanach. CBA3b M3ydamach OOMblIe B HEKOTOPBIX IPYIIIAX
IAIMIeHTOB — CepfieuHas He[OCTaTOYHOCTD, IlleMIdecKas 60/Ie3Hb CepAilia, CUHAPOM YIIMHEHHoro uHrepsana QT u apurMoreHHas
Kap/iIOMUOIIATIsA, BPOXKIEHHDIN OPOK cepala. Pob MexaHn4ecKoil Aycrepcny Kak IpefuKTopa »KenyJouYKOBbIX apUTMUIL IIPY Me-
TabOMNYEeCKOM CUHAPOME He3HaYNTe/IbHA.
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