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Abstract

The left ventricular systolic function is significant in defining the management of
cardiac conditions. Lately measurement of myocardial strain is studied as a tool which
characterizes left ventricular function better and carries prognostic utility.

This paper aims at reviewing the myocardial strain concept and how it might be useful
in evaluating the patient with polytrauma cardiac injury. The myocardial muscle
undergoes specific rotation in different compartments during different stages of
contraction-relaxation. Generally, the apex and the base of the heart move in opposite
directions.

There are different parameters which can be measured to describe and quantify heart
function such as stroke volume, ejection fraction, cardiac output and strain. Several
studies report the normal value of myocardial strain to be around - 20. The movement
of myocardial tissue during the heat cycle allows measurement of myocardial strain,
which is an index of deformation. The change in value of strain correlates with different
cardiac conditions. The strain can be measured using different diagnostic tools, each of
which has its unique utilities. The myocardial strain value is dependent on multiple
factors such as age, sex, location. Moreover, researchers often claim integrability to be
a major barrier to introduction of strain measurements to protocols. However, there are
measures taken to standardize the procedure. Patients who have polytrauma with
cardiac involvement have a range of structural changes, which makes possible the
measurement of strain. It has a potential to predict future long-term complications.
Keywords: myocardial strain, deformation,
cardiovascular magnetic resonance.
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1. Introduction

The evaluation of systolic function of the left
ventricle is a crucial characteristic which defines the
clinical management and patient prognosis [1,2]. The
functional defect of the heart muscle may present in
changes of blood filling or ejection, therefore causing
different clinical presentations of the condition.
Currently, in clinical settings the assessment of left
ventricular (LV) systolic function is done by
measurement of ejection fraction (EF). Moreover, one of
the classifications of heart failure is based on left
ventricular ejection fraction (LVEF). Lately the LVEF is
criticized more as it does not describe cardiac action and
does not provide the difference between the healthy
patients and patients with preserved ejection fraction
(HFpEF). Assessment of myocardial deformation
(strain) is a promising tool aiding improved
characterization of patients [3]. The technical progress
and different instrumental investigations allow
evaluation of the myocardial function at whole and at
specific regions in different cardiac conditions [1].

The cardiac injury incidence in patients with
polytrauma is poorly studied as there is a range of
clinical presentations depending on structure damage

2. Methodology

To prepare this review article, a comprehensive
literature search was conducted to explore the topic of
myocardial strain and myocardial deformation
assessment using echocardiography and cardiovascular
magnetic resonance (CMR). The search included
publications indexed in PubMed, Google Scholar, and
Elibrary databases. Combinations of keywords such as
“myocardial strain”, “myocardial deformation”,
“echocardiography”, and “cardiovascular magnetic
resonance” were used.

Inclusion criteria were: original research articles,
review articles, meta-analyses, and clinical guideline

3. Cardiac cycle and mechanics

The cardiac cycle is alternation of systole and
diastole of different heart compartments, which allows
blood pumping. The systole consists of isovolumic
contraction, followed by ejection. The diastole consists
of isovolumic relaxation, followed by diastolic filling
phase. The cardiac cycle is often described using the

and absence of diagnostic criteria [4]. It might manifest
severely in case of myocardial rupture, valvular
damage, arrhythmias or might have delayed
presentation. However, it was established that presence
of cardiac damage itself is a predictor of poor outcome
in patients. The pathophysiology of polytrauma is a
complex net of different reactions of the body in
response to injury. The cardiac injury taking place
during and after the trauma causes the accordingly
changes in myocardium, which in turn might affect the
strain value. Currently, there are no studies analyzing
the myocardial strain change in polytrauma patients.
However, as change in strain in other cardiological
conditions carries prognostic utility, it might be
assumed that the measurement of myocardial strain has
a potential of prognostic evaluation in posttraumatic
patients too.

This review is focused on revision of myocardial
deformation assessment tools, the correlation to clinical
presentation and how it can be potentially used for
patients with cardiac trauma.

recommendations published in English between 2014
and 2024.

Exclusion criteria were: case reports, non-original
articles, articles without access to full texts, and
duplicate publications.

As a result, 26 full-text articles were identified and
reviewed. After applying the inclusion and exclusion
criteria, 24 articles were selected for in-depth analysis
and synthesis in this review.

pressure-volume diagram, which represents the change
in these parameters during the cycle and stroke work.
Basically, filling with blood stretches the tissue, which
in turn elevates the pressure. The cardiac muscle
performance depends on structural parameters such as
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functionality of valves, size and shape of the ventricles,
the contraction force itself [5].

The mechanics of the heart are different in distinct
regions and during the cardiac cycle. Generally, the
apex and base of the heart move in opposite directions
when there is change in blood volume and in the same
direction in isovolumic period. Sengupta et al reviewed
this movement, which is also called twist or torsion, and
suggested referring to it as rotation [6]. During the
rotation, there is a circumferential movement of the left
ventricle around the longitudinal axis [6]. So, during
the systole there is a counterclockwise apical rotation
and small clockwise rotation. During the diastole the
clockwise apical rotation base counterclockwise
rotation. However, during isovolumic contraction,
there is a basal and apical counterclockwise rotation
and during isovolumic relaxation, there is basal and
apical clockwise rotation [1].

The quantification of the heart function can be
done by measuring the several parameters of
contraction such as stroke volume (SV), ejection fraction
(EF), cardiac output (CO). SV is the amount of blood
pumped by the heart per 1 beat. CO is a volume of
blood, which the heart pumps within 1 minute. EF is a
ratio of SV to end diastolic volume represented in
percentages [5]. Measurement of EF currently faces
criticism as it is volumetric in nature, has issues with
reproducibility, depends largely on the experience of
the person analyzing it and does not reflect regional
function of the LV [7]. Lately, myocardial strain became
one more significant index of cardiac function.

4. Myocardial deformation

Myocardial deformation is the change in the size
and shape of the myocardium during the cardiac cycle.
It can be longitudinal, circumferential and radial,
depending on the stage of the cardiac cycle. Myocardial
Strain in an index of ventricular myocardial
deformation. So, for example during systole, there is
negative longitudinal strain as muscle fibers shorten
[13]. This explains the negative value of the normal
value of myocardial strain. Circumferential strain
measures the shortening of the myocardial wall due to
the inward movement of the endocardial
circumference. This shortening would still happen even
in the absence of circumferential fibers. In practice, it
measures the reduction in myocardial diameter as the
wall thickens. This thickening is caused by the
shortening of the wall, because the heart muscle is
incompressible. Radial strain, aligned with the direction

of the wultrasound beam, essentially represents

These parameters can be measured using a range
of diagnostic tools including echocardiography,
computed tomography (CT), magnetic resonance
imaging (MRI), Multi Gated Acquisition Scan (MUGA).
However, it is important to mention that the value of
myocardial strain is different not only during the heart
cycle but also at different heart ‘layers’. It has been
supposed for a long time that LV muscle is
homogeneous, however actually its fibers do not
contract and relax at the same time [8]. So, Marwick et
al conducted measurement of myocardial strain in a
healthy population using ST-echocardiography
(Speckle Tracking) and reported normal value around -
18% [9]. Another research group which investigated
normal value of strain using echocardiography
represented the reference from -24 to -16 [10]. Later,
Taylor et al measured the normal value of myocardial
strain in healthy population by Feature Tracking
Cardiovascular Magnetic Resonance (FT-CMR) and
presented that longitudinal one in endocardium is
around -21%, in epicardium around -17% during the
systole [2]. The systematic review investigating the
myocardial strain normal value measured by FT-MRI
reports the pooled mean value of -20% [11]. As systolic
function defines the prognosis, the change in strain also
carries prognostic utilities. One of the suggestions is
considering Global longitudinal strain (GLS) <12% to
correlate with severe dysfunction and worse prognosis
[12]. Therefore, the average normal value can be
approximated from these studies.

transmural strain. It is the cumulative result of both
subepicardial and subendocardial radial deformations
[13].

Global longitudinal strain is the most significant
parameter for measuring the systolic LV function [12].
The mechanics of longitudinal left ventricular
deformation is affected by myocardial disease the most.
In the early stages of disease, circumferential strain and
rotation may remain normal because the
midmyocardial and epicardial function compensates to
maintain LV systolic performance. As the disease
progresses or following transmural damage,
simultaneous dysfunction in the midmyocardial and
subepicardial regions will impair LV movement
mechanics, leading to a decrease in left ventricular
ejection fraction (LVEF) [13]. Strain accurately describes

contraction/relaxation because it measures myocardial
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deformation directly, global right and left ventricular
function, and regional wall deformation.

Myocardial deformation measurement has been
studied as a risk prediction and evaluation for different
diabetic
cardiomyopathy and myocarditis. For example,

conditions, including MI,  ischemia,
Haugaa et al investigated myocardial strain in post-
myocardial infarction patients and outlined it to be the
marker of arrhythmias in patients with preserved
ventricular functions [14]. Another research group by
Thavendiranathan et al conducted systematic review
for measurement of strain by STE for detection of early
chemotherapy cardiotoxicity and confirmed its
predictive utilities [15].

In regard to heart failure, a range of studies
conducting measurements at different stages were
done. The review of the studies confirmed that
myocardial strain is prognostic to outcomes and
complications of heart failure, which might be a key
factor in management of further guidance. The author
also highlighted that one of the major barriers to
introducing GLS measurement to guidelines are
intervendor variability and the need for experienced
specialists [16]. Despite this, the correlation of

5. Myocardial deformation assessment

The assessment of the myocardial strain is done
using different diagnostic tools. At first, the strain
measurements were done using Tissue Doppler
imaging, however the limitations of this technique led
to search and discovery of the new technique such as
speckle tracking echocardiography (2D and 3D). As a
result, other diagnostic tools were also analyzed for the
possibility of strain measurements, and it was
established that cardiac magnetic resonance is quite
appropriate and informative. All of them have their
own advantages and disadvantages. For example,
echocardiographic measurements are more available,
quick, portable, while magnetic resonance can be
considered to be more precise. Moreover, there are
different methods within the diagnostic tool, so by
echocardiography it is possible to measure myocardial
strain by Tissue Doppler method or by tracking
speckles.

Echocardiographic methods:

Tissue Doppler imaging (TDI): Measurement of
TDI strain requires an optimized 2D image and rapid
frame rates to resolve regional velocities and calculate
strain rate [21]. Proper alignment of the Doppler beam
with the myocardial region of interest is crucial, as an
angle of incidence exceeding 20 degrees will lead to

myocardial strain measurement with assessment of
different cardiovascular conditions is studied
extensively.

One of the largest studies investigating prognostic
utility of GLS for all-cause mortality in HFrEF patients
represented superior prediction in comparison to other
echocardiography parameters, which goes along with
the results reported by other studies. However, authors
report limited prognostic value in women and patients
presenting with atrial fibrillation [17]. In comparison,
Trobs et al reported men and Afib with other factors
such as obesity, diabetes, history of MI to be related to
higher GLS in patients with heart failure [18]. They
explain the sex-specific difference by physiologic
differences such as lower cardiac muscle mass, effect of
estrogen and existing comorbidities [18]. In regard to
patients with HFpEF, Brann et al report GLS to be a
predictor of future worsening [19]. Similarly, Haji et al.
represent GLS to be prognostic of all-cause mortality in
patients with coronary artery disease [20]. The
functionality and predictive utility of the strain to its
full extent is still being investigated.

inaccurate measurements. Strain is calculated from each
sample volume and presented in a graphical format.
Later, more advanced techniques using speckle
tracking allows measurement of different strains and
makes measurement in a more precise manner [22].
Basically, speckles are a unique set of gray patterns on
a digital image of the myocardium, which can be
tracked during the cardiac cycle. It also does not require
proper beam alignment as it does not depend on angle.
2D-STE:
echocardiography: STE can increase the sensitivity of

two-dimensional  speckle  tracking
stress echocardiography and provide information on
the location, extent, and severity of myocardial
ischemia in combination with visual wall motion
during Dobutamine stress echocardiography [23].
However, there are different methods and approaches
to conduct 2D-STE, therefore the normal values would
differ [13].

3D-STE: three-dimensional speckle tracking
echocardiography is similar to 2D-STE, but the
measurement in three directions is simultaneous. It also
provides more details in terms of overall configuration,
which in turn makes it more difficult to analyze.
However, the image is more physiological and the level
of automatization is higher [24].
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Distinct structural changes in myocardium as a
deformation cause change in strain value. For example,
ischemic wall motion is referred to as passive motion,
which in turn causes widening of apical septal
compartments and reduced compression in the middle.
There is also change in the strain value in distinct
myocardial compartments in cardiomyopathies
depending on the etiology of pathology. Moreover,
even valvular heart disease causes a decrease in strain
value [22]. Therefore, local and global myocardial strain
measurements can be done to estimate the local effect in
case of ischemia and overall effect on LV systolic
function.

Cardiovascular magnetic resonance

CMR feature tracking: Feature tracking has been
developed to monitor myocardial motions, including
displacement and velocity, and to calculate cardiac
deformation parameters such as strain and strain rate in
CMR. It follows the movement of tissue between the
epicardial and endocardial borders throughout the
cardiac cycle using optical flow methods. In heart-
failure patients, both left atrium longitudinal strain and
strain rate were lower than in healthy subjects. Scarred
segments showed lower contractile function, radial
displacement, radial velocity, radial strain and
longitudinal strain values compared with non-scar
segments. Radial strain was shown to be the best
parameter to discriminate between scarred segments
and non-scarred ones [23].

CMR tissue tagging: The initial step typically
involves identifying key cardiac events: end-diastole

(ED) and end-systole (ES). The next step is to define a
region of interest that includes the myocardial wall,
which is done by semi-automatically contouring the
endocardial and epicardial borders either at ED, ES, or
both. This segmentation step is crucial as it determines
the set of points that will be tracked, introducing
variability based on the user and the segmentation
algorithm used. Finally, the region of interest is tracked
throughout the cardiac cycle, strain curves are
computed, and possibly post-processed. The reported
measurements can include either the end-systolic strain
or peak systolic strain.

Tissue tagging, feature tracking strategies can be
applied in echocardiography as well as in magnetic
resonance imaging. Amzulescu et al described the
difference of the strategy in different imaging
techniques and highlighted their features [7].

The calculation of strain and strain rate always
depends on image quality; this can have an effect on the
reliability and reproducibility of deformation
parameters derived from echocardiographic images.
Echocardiography is limited by acquisition angle and
operator dependence. CMR is increasingly the method
of choice because of its wide field-of-view, better image
quality and reproducibility [23]. However, as there is no
gold standard, the medical centers use the tool upon the
availability of diagnostic methods. The table 1 below
summarizes the myocardial deformation techniques in
terms of their advantages and limitations.

Table 1 - Advantages and Limitations of strain measurement techniques

hod of
Method o Advantage Limitations
assessment
TDE Fast, cheap and portable Dependence on a.cquisition angle and
operating person
No uni t method
Tracking during the cardiac cycle, efficient, reliable © um.que. meas.u rement metho .(no
2D-STE . . standardization, difference depending on
and validated to MRI tagging ) . ;
the operating person), time consuming
Measurement of strain in all direction at the same Image processing is more complicated.
3D-STE time, More physiological and faster analysis and Depends on image quality. Vulnerable to
better automatization artifacts
Availability
CMR Better image quality and better reproducibility Not portable

More expensive
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Imaging myocardial deformation provides
additional functional information compared to the
traditional EF measurement. Echocardiography is
currently the preferred method for clinical strain
assessment, with GLS being the most reliable and
reproducible parameter [25]. Other parameters might
include Left Atrium reservoir strain and Global Work
Index [26]. As GLS is dependent on multiple factors,
numerous studies were done to establish association
between its value and factor change. One of the largest
studies was by Skaarup et al, who investigated age and
sex specific normal values of GLS by conducting
measurements among healthy populations. They report
that normal GLS values for males are lower than for
females. Moreover, for females the value tends to
decrease with age, while for males this value is slightly
elevated [27]. The effect of other factors such as existing
medical conditions is still being investigated.

There are also other factors that influence the strain
value such as image quality, choice of segmentation,
choice of image clips, landmark and segmental
contouring, choice of region to investigate [28].
Researchers commonly refer to intervendor variability
as to a major barrier to clinical implementation.
However, the European Association of Cardiovascular
Imaging (EACVI) and American Society of
Echocardiography (ASE) with Industry initiated the
Task Force to standardize the imaging from physical
and mathematical perspectives [29]. This would allow
reproducing the measurements of the strain now, then
during the follow up for measurement using the same
strategy so that any radiologist could reproduce the
examination.

6. Myocardial strain in polytrauma patients with heart involvement

As it was mentioned, the post-traumatic cardiac
dysfunction has various presentations, depending on
structures involved, such as dysrhythmias or changes
in motion of cardiac muscle. Moreover, there is not only
acute presentation, but also delayed one, such as in
patients with systemic reaction to polytrauma or in
those with multiple organ damage. Currently, there are
no reported studies conducting measurements of
myocardial strain in patients with polytrauma. First,
current polytrauma guidelines and protocols
recommend measurement of troponin level and ECG
only as screening for heart injury. Then if required,
echocardiogram and CT might be done for further
investigations [30]. Secondly, due to the variety of the
clinical presentation of heart injury, which might be
even asymptomatic, there is no standardized guideline
on how to diagnose patients with polytrauma [4].

One of the studies investigated metrics of baseball
games to improve the safety measures on protection of
children from trauma. As commotio cordis caused by
hit of the ball to chest can lead to fatal cases, it needed
more investigations on biomechanics of trauma. The
authors evaluated the importance of factors such as ball
stiffness, location of the hit and response of the body
such as different forces at the moment of impact, rib
deformation, LV strain by using a computational
model. It is reported that the most significant factor
affecting the LV strain by computational model was the
velocity, so the most damaging hit was by the fastest

ball, causing the highest strain. The rib deformation,

ball stiffness and reaction force did not affect the value
of the LV strain. Authors highlight that the major
limitation is that the computational model does not
consider fluid within the heart being blood despite
applying pressure imitating blood pressure [31].
Although this study is based on computer simulation
investigating monotrauma, it shows that the different
settings of the polytrauma can be simulated and studied
too with subsequent studies in real life. As the hit by the
ball affects the

LV strain, then any blunt chest traumas would
have their own substantial effect.

Moreover, there are several other facts indicating
that strain measurement would be informative in
patients with polytrauma. For example, after the
trauma the common structural injuries include
intramural hematoma, papillary muscle rupture, septal
injuries presenting with murmur and arrhythmias [4].
In case of blunt cardiac injury, the right ventricle is the
most common region affected [32]. As these injuries
affect the myocardial tissue itself, the architecture of
layers becomes disrupted and there is an expected
change in a strain value. Moreover, as there is
prognostic correlation of change in strain with
complications like arrhythmias in post-MI patients,
these long-term complications might also be assessed
with risk prediction. Next, the cardiac injury presents in
different severity from asymptomatic to fatal cases. It is
expected that patients with more severe clinical
presentation would develop long-term cardiac
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consequences. Therefore, it would be suggested to
create the grading scale for heart involvement
according to which patient evaluation would be
conducted. It is also important to mention that the effect
of cardiac injury on healthy patients would be different
than on patients with existing cardiovascular disease.
So, setting a computational model would allow
checking theoretical differences in response to trauma.
However, no computer simulation can mimic real life
settings with all the details. Moreover, the
measurements of LV myocardial strain on a computer
model is nothing like by echocardiogram or magnetic
resonance.

Today myocardial strain measurement is done on
a variety of patients with a range of conditions. Some of
them do not have a standard to establish diagnosis as it
is in case of traumatic heart injury. One of such
conditions is myocarditis, which is difficult to diagnose
due to variability of clinical presentation. The authors
of the study reported the results of GLS measurements
using CMR in patients suspected with myocarditis. So,
these measurements had improved utility as a
prognostic technique. Farzaneh-Far and Romano
suggest that if despite subendocardial located
longitudinal fibers might be more prone to damage by
pathologies, CMR recorded fibrotic and injury changes
in myocardium in patients with myocarditis, then there

7. Conclusions

The biomechanics and cycle of the heart are
complex processes that require a deep understanding of
its anatomical structure and overall function. The
characterization of LV systolic function can be done by
measurement of the LV strain. The myocardial strain
measurement can be done using different diagnostic
tools. It does not only evaluate LV systolic function, but
there are also correlations with change of strain value
with long term complications.

Therefore, myocardial strain measurements are a
valuable tool with prognostic utility. Currently, there
are no standardized guidelines for strain measurement
and there is an intervenor variability with the need for
a skilled specialist to conduct the measurements.
However, there are already measures initiated to
standardize the procedure and create the guideline.
There is a potential to use the strain measurements for
evaluation of patients with polytrauma heart injury and
a range of research areas in this unexplored topic.
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is very different connection between myocardial fibers,
which needs to be investigated further [33]. Moreover,
other study reports that myocardial strain reflects
fibrosis by decreased strain value and cardiac
remodeling. The authors suggest that fibrosis might
play a role in rearrangement of layers between the
sheets of cardiac muscle [34]. So, the myocardial strain
value changes when there is a change in the architecture
of the heart, therefore the impact or damage affecting
fiber communication between each other results in a
difference from normal value. As it was mentioned
above, trauma causes structural changes in case of
direct or blunt hit and the changes are expected when
there is a later cardiac response to trauma. As future
directions it is suggested to conduct the computational
model studies to improve the study design and observe
which changes are expected. Then, implementation to
real life investigation with measurement of myocardial
strain in different groups of patients with polytrauma
can be done. Moreover, the effect of different
mechanisms of trauma (blunt, penetrating, burn and
others) should be compared to evaluate whether the
long-term outcomes are similar. Next, it would be
possible to investigate the change in myocardial strain
in progress after definite periods and its response to
treatment.
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TyniHaeme

JKypekTig coa >XaK KapbIHIIIACBIHBIH CUCTOAAABIK (PYHKIIUACHL XXYpPeK aypyAapbiH OackapyZa MaHBI3ABL peAa
aTKapaabl. COHFBI yaKbITTa MUOKapPATHIK AepOpMaLIVISHEL ©AIIEY — COA KaK KapbIHIIIAHBIH KbISMETIH HEFYPABIM 494
CUITaTTaNTHIH KoHe 001KaMABIK MaHBI3BI Oap Kypaa peTiHAe 3epTTeiln XYp.

Bya mMakaaa MuOKapATBIK AepopMariust YFBIMBIHA IIIOAY YKacall, OHBIH KOII )XapaKaT aAfaH >K9He KYPeKKe 3aKbIM
KeATeH HayKacTapabl Oaralayaarsl 91eyeTiH KapacThIpaAbl.

Mmokapa OyAIIBIKeTi XMBIPHLAY MeH OOcaHCy Ke3eHAepiHAe apTypai Oeaiktepae Oeariai 6ip OypbLabicKa
yieipaiael. JKaamel aaraHAa, SKYpPeKTiH YIIBI MeH Herisi KapaMa-Kapchl OarbITTa Ko3fadadbl. JKypek KbI3MeTiH
CHUIIaTTall, CaHABIK, Typae Oarasay YIIiH opTypAi HapamMeTpAep oAllleHeai: COKKBI KoaeMi (SV), mbFapblay ¢ppaKIysacs
(EF), xxypexk msirapy xeaemi (CO), gedpopmanms. bipkarap seprreyaep OOJBIHINE, MMOKAPATHIK AepOpManVITHBIH
KaABIITH MoHi mamMaMeH -20-Hbl Kypaiiasl. JKypek HMKAiHAeTi MMoKap4, TiHiHIH KO3FaAbICHl OHBIH 4eOpMalsACHH
ealeyre MyMKiHZIK Oepeai. Bya gepopmanms xepceTkimmi — Xypek OyAITbIKeTiHIH MiIIiHiHIH e3repy JspexkeciH
CUIIaTTalTBIH MHAEKC. bya KepceTkimTiH esrepyi Kypek aypyaapbiHBIH 9pTypAai TypaepiMeH OaliaaHBICKa Ie.
JedopMalnAHbl 9PTYPAi AMATHOCTUKAABIK, KypalddapMeH ealleyre 004aAbl, OJAapABIH OPKANCBHICHIHBIH ©3iHAIK

apTHIKIIBIABIKTApEl 6ap. MMokapAThIK Aedopmarius KOPCeTKilmi >Kacka, >KBIHBICKA >KoHe aHaTOMILIABIK aiiMakKa
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OartaaHBICTBL 9pTypAai 0oaysl MymKiH. CoHBIMEH Karap, 3eprreyirilep Oya o4icTi KAMHMKAABIK XaTTaMaJapra
eHrizyderi GacTtbl Kegepriaepain Oipi peTiHAe OHBIH WUHTerpanusAlaHy KUBIHABIFBIH artall eTedi. Aazaiida Oya
IpolleAypaHbl CTaHJapTTayFa OarbITTaAfaH IMapadap KaObladaHyga. JKypekke 3akpIM KeAreH KOIl JKapakaT aAfaH
HayKacTapAa KYPbLABIMABIK ©3repicTepAiH KeH ayKbIMbI Oalikaaaasl, 6y 4epopManysaHEL ©A11eyre MYMKIHAIK Oepeai.
Bya xepceTtkim y3ak Mep3iMai acKbIHy AapAbl O0Kay¥Fa 94eyeTTi Kypaa 004a alaspl.

Tyitin ce3aep: Xypek OyAIIBIKeTiHJeri iIIKi KepHeyi, MMOKapATHIH JedopManuacel, DXoKapAmorpadus,

JKYPeKTiH MarHUTTiK-Pe30HaHCTHIK, TOMOTPagILICHL.
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Pe3ome

Cucroandeckast GyHKIVS A€BOTO JKeAyA049Ka UTPaeT BaXKHYIO pOAb B OIIpeeAeHIN TaKTUKIU BeAeHUs CepAeTHO-
COCyAUCTHIX 3aboaeBaHMIl. B 1mmocaesHee BpeMsi maMepeHne gedpopMalnyl MMUOKapja M3ydaeTcs KaK MHCTPYMEHT,
KOTOPBIII AydIlle XapaKrepusyeT (PYHKIMIO A€BOTO >KeAyAodKa M oOJadaeT IIPOTHOCTMYECKON IIeHHOCTHIO. Llean
AAHHOV CTaTbM — pPacCMOTPETh IIOHATME MUIOKapAHON AepopMaliuy U ee BO3MOXKHYIO II0€3HOCTh B OIIEHKe
MaIIeHTOB C MOAUTPaBMOM U CepAeUHBIM IOBpeXKJeHneM. Muokapg moasepraercst crelnduieckoMy BpallleHNIO B
Pa3ANYIHBIX OTJeAax B pasHble (pasbl coKpamleHMs 1 paccaabaennsa. Kak mpasnao, BepxXyIlKa ¥ OCHOBaHHE cepAlia
ABVIKYTCS B IPOTUBOIIOAOXKHBIX HallpaBaeHUsAX. CylllecTByeT HeCKOAbKO ITapaMeTpPOB, KOTOPble MOXKHO U3MePUTh 445
OIMCaHM M KOAMIECTBEHHON OIleHK! (PYHKIIUM cepalia: yaapHsbiil oobeM (SV), ¢ppaxnua ssibpoca (EF), cepaeunsrii
BpIOpoc (CO), gedpopmanms. Psag mccaegoBanmii yKasbiBaeT, 9YTO HOpMaAbHOE 3HaueHNE MUOKapAHON dedpopManun
cocTtaBaser okoao -20. /BrkeHue MMOKapAMaAbHONM TKaHM B TeUeHMe CepAeYHOIO IIMKAa MO3BOASET M3MepPUTh
AedpopMalMIio MHOKapAa, KOTopas IIpeACTaBAseT CO0OM MHAEKC M3MeHeHUs (PpOpMEI TKaHU. VI3MeHeHMe 3HaYeHIN
Aedpopmaniuu KoppeanpyeT C pasAMIHBIMU KapAMOAOTMYECKMMHU COCTOIHMAMU. JdedopMariist MOXKeT U3MePSIThCA C
UCIIOAB30BaHMEM Pa3AMIHBIX AMATHOCTUYECKMX METOJ0B, Ka’KABII M3 KOTOPBIX MMeeT CBOM OCOOEHHOCTU U

IIpeuMyIIiecTsa.
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3HaueHNe MMOKapAHOI JedopMaliuy 3aBUCUT OT MHOXecTBa (PaKTOpPOB, TaKMX KaK BO3pacT, II04,
aHaToMMJecKoe pacroaoxeHne. KpoMe Toro, mnccaegoBaTean 4acTo yKas3blBalOT, 4YTO OAHOM M3 OCHOBHBIX Iperpag K
BHEAPEHMIO BTOTO IIOKa3aTeAsd B KAMHMYECKMEe IIPOTOKOABI SIBASETCS CAOXKHOCThL MHTerpauun. Tem He MeHee
NpeANpPUHUMAIOTC IIaru IO CTaHAApTU3alluy DTOM Mpolelyphl. Y TallMeHTOB C MHOAUTPaBMOI 1 BOBA€YEHMEM
cepalia HabAIOAAIOTCS pa3AMYHbIe CTPYKTYPHBIE MI3MEeHeHNs], YTO JeJaeT BO3MOXKHBIM n3MepeHne Jepopmariun. OTOT
IIoKazaTeab 004ajaeT IOTeHI[AaA0M A5 IPOTHO3MPOBaHMS 40ATOCPOYHBIX OCAOKHEHMIA.

KaioueBble ca0Ba: BHyTpMMHOKapAMaaAbHOe HampsKeHMe, aedopMalys MMOKapaa, DXoKapamorpadusd,

MarHMUTHO-Pe30HaHCHas ToMorpadus cepalia.



