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Abstract

Purpose. This article discusses the importance of early diagnosis of cardiotoxicity resulting from
chemotherapy treatment of cancer.

Materials and methods. Cardiotoxicity, a side effect of chemotherapy, can manifest at various stages
of treatment and significantly reduce patients' quality of life, increasing the risk of developing cardiovascu-
lar diseases and mortality. The work emphasizes that speckle-tracking echocardiography is an innovative
method for assessing myocardial mechanics, allowing for the detection of subclinical changes in cardiac
function at early stages. The authors examine the principles of speckle-tracking echocardiography, its ad-
vantages over traditional diagnostic methods, and the importance of integrating this method into clinical

practice to optimize treatment strategies for cancer patients.
Conclusions. The article calls for further study of speckle-tracking echocardiography and highlights
its potential role in improving prognosis and quality of life for patients undergoing chemotherapy.
Keywords: speckle-tracking echocardiography, cardiotoxicity, chemotherapy, myocardial mechan-

ics, cardiac function

Introduction

The prevalence of malignant tumors is a
leading cause of death worldwide. However, in-
creasing numbers of cancer patients are surviving
to major advances in oncology treatments.

Nevertheless, anti-cancer treatment che-
motherapy have extended the lives of patients with
malignancies, but for some this benefit is tem-
pered by adverse cardiovascular effects. Chemo-
therapy is associated with the onset of cardiotox-
icity (CTox), which can arise at different intervals:
at the time of drug administration to many years
after its application. [1]. Chemotherapy-induced
CTox is an urgent clinical issue for cancer patients
[2]. It is characterized by the negative impact like
high blood pressure, abnormal heart rhythms, and
heart failure [3]. CTox can manifest even without
clinical signs and symptoms complicating early
detection and evaluation [2; 4].
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The mechanisms of development CTox
are diverse and depend on the class and dose of
anticancer drugs. Anthracyclines may instigate
oxidative stress which damage the structural and
functional conditions of the myocardium [5]. Tar-
geted drugs and tyrosine kinase inhibitors can im-
pact the signaling pathways of myocardial cells,
leading to disturbances in their function [6]. Such
cardiotoxic effects can manifest during and after
treatment, leading to a decrease in the quality of
life, emergence previously known comorbid dis-
eases and an increase in mortality.

Early diagnosis and monitoring of the car-
diovascular system are critically important for
minimizing the risk of developing CTox and en-
suring adequate treatment of the oncological dis-
ease.

Clinical assessment of CTox involves a
comprehensive examination of heart function us-
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ing diagnostic methods such as echocardiogra-
phy, cardiac magnetic resonance imaging, and lab
monitoring of biochemical markers. CTox man-
agement strategies are based on early diagnosis,
modification of chemotherapy regimens, and the
application of cardioprotective strategies [7]. The
advancement of technology in digital processing
of ultrasound images has led to the emergence of a
new and innovative method for assessing myocar-
dial mechanics, known as speckle-tracking echo-
cardiography (STE). This method has become a
vital tool for early diagnosis and assessment of
cardiac function, including in patients with cancer
post-chemotherapy CTox [8]. It allows for mea-
surement of myocardial deformation and evalua-
tion of contractile capacity in various directions.

Numerous researches demonstrate the ca-
pacity STE — to detect subclinical CTox receiv-
ing aggressive and combined chemotherapy in
oncology patients [9]. STE can detect even minor
changes in cardiac function, which may go un-
noticed using traditional evaluation methods like
ejection fraction [10].

The objective of this review is to provide
current information on the role of STE and in ear-
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ly detection of subclinical CTox in in post- che-
motherapy cancer patients.

Materials and methods

STE offers a unique opportunity to direct-
ly assess changes in the myocardium and cardiac
function that may be induced by chemotherapeu-
tic agents. Guidelines have already been published
by international organizations such as the Ameri-
can Society of Echocardiography (ASE) and the
European Association of Cardiovascular Imaging
(EACVI), which provide protocols and recom-
mendations including information on the use of
STE for the quantitative evaluation of heart me-
chanics. [11; 12]

The new non-invasive method is based on
the analysis of the motion of «speckles» — small
points on the ultrasound image of the heart, which
represent the reflection of ultrasound waves from
moving myocardial structures.

The left ventricular myocardium (LV) pos-
sesses distinctive features in the arrangement of
its fibers that enable to contract in three different
directions: radial, circumferential, and longitudi-
nal (Figure 1).

longitudinal

Figure 1. Left ventricular function [13]

Radial motion: The myocardial fibers
surrounding the LV cavity contracts during con-
traction, moving from the periphery towards the
center of the heart. This radial motion results in a
reduction of the LV cavity diameter and the expul-
sion of blood into the aorta.

Circumferential motion: The myocardial
fibers are aligned parallel to the inner surface of
the LV, enabling it to perform circumferential mo-
tion around its axis during contraction. This as-
sists in effectively moving blood within the LV
and directing its expulsion in the proper direction.

Longitudinal motion: Myocardial fibers
also extend along the long axis of the LV. Dur-

ing the heart's contraction, they contract longitu-
dinally, facilitating the reduction of the LV and
the ejection of blood into the aorta. A significant
aspect of heart function is its ability of rotation,
twisting (twist), and untwisting (Figure 2). These
movements mirror the mechanics of heart contrac-
tion and allow for more efficientblood movement.
Such multi-planar motion of the myocardium con-
tributes to effective blood pumping and the main-
tenance of normal heart function.

Strain (or deformation) refers to the change
in length and shape of the myocardium during the
cardiac cycle and reflects its contractile function
(Figure 3).
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Figure 2. Schematic illustration of cardiac
twisting, rotation and untwisting function [ 14]

Considering the anatomical structure of the
myocardium, using speckle-tracking echocardiog-
raphy (STE), we can identify the following main
types of deformation:

Global Longitudinal Strain (GLS): This is
a measure of the myocardial longitudinal defor-
mation, reflecting the contraction and stretching
of the heart muscle in the longitudinal direction.
GLS is a crucial indicator of the overall contractil-
ity of the myocardium and can be used to assess
the heart's systolic function.

Segmental Longitudinal Strain: Speckle-
tracking echocardiography facilitates the quantifi-
cation of longitudinal deformation across distinct
heart segments. This capability is instrumental to
identify asynchronous contractions and localized
deformations, providing insights for diagnosing
and evaluating the impaired function of particular
cardiac regions.

Figure 3. Left ventricle global longitudinal strain
by 2D speckle tracking.
(Source: provided by the authors)

Radial Strain: Speckle-tracking can also
measure the myocardial radial deformation, which
reflects the compression and expansion of the
heart muscle directionally from the center of the
heart towards its periphery (Figure 4). The radial
strain can be useful for assessing myocardial func-
tion in the walls of the heart.

Circumferential strain: It refers to the mea-
surement of myocardial deformation as it circles
the heart's circumference (Figure 5). Circumferen-
tial strain is instrumental to assess the myocardial
function surrounding the heart's circumference
and identifying any dysfunction in this area.

Among the aforementioned deformations,
GLS has high sensitivity for detecting even slight
changes in cardiac function [4]. During systole the
myocardium contracts, and its length decreases.
The more negative the GLS value, the stronger
and more efficient the myocardial contraction.

Figure 4. Segmental myocardial deformation by
2D speckle tracking.
(Source: provided by the authors)
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Figure 5. Circumferential strain deformation by
2D speckle tracking
(Source: provided by the authors)

Negative GLS values are typically expressed in
percentages and can be, for example, -18 %, -20 %,
-22 %, etc. However, generally, it is considered that
the normal GLS value ranges from -18 % to -22 %
[4; 15].

In 2016, the European Society of Cardiol-
ogy issued a position statement stipulating that for
the diagnosis of CTox, a decrease in the ejection
fraction (EF) by more than 10 % from the standard
value (53 %), or a GLS lower than — 15 %, should
be taken into account [4; 11; 16]. Moreover, the
patients individual characteristics, including age,
gender, existing comorbidities, and other elements,
should be considered, as these can influence GLS
readings.

One study demonstrated the develop-
ment of subclinical CTox in 10 (10.5 %) out of
95 women with breast cancer who underwent
anthracycline chemotherapy. This indicates the
presence of cardiac function impairments that
were not clinically noticeable. The left ventricle
GLS data significantly decreased 12 months af-
ter chemotherapy compared to the baseline value
[12]. Meanwhile, other scientists have shown
that a significant reduction in GLS occurs after
the third cycle of chemotherapy, which persists
in subsequent observations. Additionally, au-
thors reported a study of 86 patients with Hodg-
kin and non-Hodgkin lymphoma receiving an-
thracyclines. The GLS significantly decreased
after reaching the cumulative dose of chemo-
therapy drugs [17].

After examining the information on this di-
agnostic method, we can enumerate the benefits of
STE:

* Non-invasiveness: STE is a non-invasive
method, making it safe and comfortable for pa-
tients.

* Sensitivity: High sensitivity for subclinical
myocardial changes, capability to detect early signs
of cardiotoxicity.

* Detailing: Provides detailed information
on myocardial deformation, rotation, and twisting
of the heart, complementing classic indicators.

* Dynamic monitoring: Allows for dynamic
tracking of changes in cardiac function, adapting
therapeutic strategies.

» Comprehensive analysis: Integrates data
on global and regional myocardial function, offer-
ing a complete picture of the heart’s condition.

However, the disadvantages of STE include:

* Technical complexity: Requires special-
ized equipment and qualified professionals for in-
terpreting results.

* Variability: Results can vary depending on
the image quality and the operator’s experience.

« Standardization: A lack of universal stan-
dards and protocols for evaluating and interpreting
data.

Comparatively, traditional echocardiog-
raphy remains the standard for evaluating cardiac
function, but STE (speckle tracking echocardiog-
raphy) offers a more detailed analysis of myocar-
dial mechanics. Cardiac magnetic resonance imag-
ing (MRI), especially with intravenous gadolinium
contrast, can provide high-quality images of the
myocardium, but STE has the advantage in terms
of accessibility, speed, and cost.

Biochemical markers of CTox can be use-
ful for early diagnosis, but STE (speckle tracking
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echocardiography) provides the functional and
structural data required for a comprehensive assess-
ment of the heart's condition.

STE stands out for its ability to detect sub-
clinical cardiotoxicity earlier, providing valuable
information for adapting and optimizing treatment
strategies for cancer patients. Despite technical
and methodological limitations, its integration into
multimodal assessment protocols can improve out-
comes for patients undergoing chemotherapy.

There is a growing need to integrate STE
(speckle tracking echocardiography) into standard
protocols for patient assessment in today's medical
practice. This is especially true for individuals who
are at different stages of chemotherapy. Early and
precise diagnosis of CTox can lead to more person-
alized and effective treatments.

Effective utilization of STE requires a high
level of expertise and skill from the staff. Training
and development programs aimed at optimizing the
use and interpretation of STE data can significantly
enhance patient care quality.

Conducting additional clinical studies can
help to determine the optimal protocols for apply-
ing STE in a variety of oncological treatment and
monitoring scenarios.

Conclusions

There is a need for a deeper exploration of
the new STE (speckle tracking echocardiography)
method. Its role and significance in oncological
practice from a cardiologist’s perspective.

Through this review, we hope to increase
awareness and expand knowledge on the applica-
tion of STE echocardiography in the early diagno-
sis and monitoring of CTox in patients with onco-
logical pathologies. This can be of significant prac-
tical importance for oncologists, cardiologists, and
other specialists involved in the treatment of cancer
patients.

It's crucial to highlight that the application
of STE can also be cost-effective. Early detection
of cardiac complications allows for preventive
measures or timely treatment, which can reduce the
expenses associated with treating cardiac compli-
cations in the future. The targeted application of
STE before, during, and after chemotherapy will
identify early disturbances in heart function and en-
able the earliest possible adjustment of cardiovas-
cular therapy aimed at supporting the patient and
minimizing the toxic effect on the heart. As a result,
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it aids in keeping the patient on course with the che-
motherapy treatment.
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XUMUOTEPAIIUSIIAH KEMIHI'T OHKOJIOT USUIBIK HAYKACTAPIA EPTE
CYBKJ/IMHUKAJIBIK
KAPINOTOKCHUKAJIBIKTBIH KYHITI JMATI'HOCTUKAJIBIK K¥PAJIbI PETIHIAE CIIEKJI-
TPEKHUHI'
IXOKAPINOT' PAOUSACHI
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2 AHKapasbIK OKY JKoHE 3epTTey rocnutaii, Typkus, AHKapa
*Koppecnonoenm aemop

Anjgarna
Maxkcamupi. byn Makanaga OHKOJOTHSIJIBIK aypysaapabl XUMHOTEPANUSAMEH eMIey HOTHIKECIHJIE maiaa
00JIaThIH KapIMOTOKCUKAJIBIKTBIH €PTEe TUarHOCTUKACBIHBIH MaHbI3IbLIBIFbI TATKbIIAHAIBI.
Mamepuanoapvl men adicmepi. KapIHMOTOKCHKAIBIK, XMMUOTEPANMSHBIH JKaHamMa ocepi, eMaeyIiH

OpPTYPIIi Ke3eHAEPIHe KopiHic TaOybl MYMKIH JXKOHE HAyKAaCTap/blH OMIp CYpy camachlH €1oyip TOMEHJETI,
)KYPEK-KaH TaMbIpJIapbl aypyJIapblHbIH JaMy KayIi MEH eJIiM-KITiMai apTTeipajbl. JKyMbICTa, CIIEKI-TPEKUHT
sXoKapanorpadusIChl MUOKAap MEXaHMKAChIH Oaranay/blH JKaHAIIBUI d/ici peTiHae aTtam eTiuledl, Oy ofic
KYpek (QyHKIMACBIHBIH CYOKITMHUKAIBIK ©3T€PICTEPIH epTe Ke3CHACPIH/Ie aHbIKTayFa MYMKIH/IIK Oepei. ABTOp-
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Jap CHEKI-TPEKUHT 3XOKapIHOTpadUsIChIHbI4 JKYMBIC IPUHITUIITEPIH, JOCTYPIIi AUATHOCTUKAIBIK 9liCTEPMEH
CaJIBICTBIPFaH/1a OHBIH apPTHIKIIBUIBIKTAPBIH )KOHE OHKOJIOTHSUIBIK HAayKACTapJIbIH €MJIey CTpaTeTHsuIapbiH OIl-
TUMU3AIUSIIAY YITH OCBI 9/IICTI KIMHUKAJIBIK TOXKIpUOEre MHTErpalusIay IbIH MaHbI3IbLIBIFBIH KAPACThIPAJIbI.

Kopvimpinovl. Makana CHEKI-TPEKUHT AXOKapAUOTpadusIChiH OJaH dpi 3epTTeyre MIaKbIpabl KOHE
XUMHOTEPAHFa YIIBIparaH HayKacTap/IbIH 00DKaMbl MEH OMIp CYPY CarachlH KaKCapTyaFbl OHBIH MOTEHIIN-
aJIZIBI POJIIH aTall eTeIl.

Tyiiin co30ep: cnexi-mpexune 5X0Kkapouoepaguacsyl, KApoOUOMOKCUKAIbIK, XUMUOMEPANUsl, MUOKAPOMBbIK,
MeXaHuKa, Hcypex yHKYusCol.

CHEKJ-TPEKMHIOBAS DXOKAPJIUOTPA®US KAK MOIIIHBINI
JTUATHOCTUYECKUM
UHCTPYMEHT PAHHEN CYBKJIMHUYECKOMN KAPAUOTOKCUYHOCTHU ¥
OHKOJIOI'MYECKHX
IHAIIMEHTOB BO BPEMS U ITIOCJIE XUMHUOTEPAIINHU

B. A. Axbanaesa "', H. Paiitumoek yyay !, M. SIpabloriyec >
'Omrckwnii ['ocynaperBennsiii Yausepeutet, Koipreizcran, O
2 Aukapckuii Yuebno-Hccnenosarensckuii [ocmurans, Typuus, Axkapa
*Koppecnonoupyrowuii aemop

AHHOTAUA

Lenv. B nanHO# cTaThe 0OCYKIAeTCs BAKHOCTh PaHHEW JUArHOCTUKH KapJAHMOTOKCUYHOCTH, BO3-
HUKAIOILEH B pe3yJIbTaTe XUMUOTEPAeBTHUECKOI0 JICYEHUS] OHKOJIOTMUECKHUX 3a00JIeBaHUM.

Mamepuanvt u memoost. KapImoTOKCUIHOCTh, TTOOOYHBIA IPHEKT XUMUOTEPAHH, MOXKET IPO-
SBJIATBCS HA Pa3HbIX ATANax JICUEHUS M 3HAYUTENbHO CHM)KATh KA4eCTBO JKW3HM MAIEHTOB, YBEIMYH-
Basl PUCK Pa3BUTHSI CEPACUYHO-COCYAUCTHIX 3a00JieBaHUN U cMepTHOCTU. B pabore moguepkuBaercs, 4ro
CHEKJI-TPEKUHIOBas AXoKapauorpadus SBISETCS HOBATOPCKUM METOJOM OLICHKH MEXaHUKU MHOKapia,
MTO3BOJISIFOIIUM BBISIBIISITh CyOKIIMHUYECKUE U3MEHEHUS CEep/IeYHON (YHKIIMHM HA PAaHHUX CTaJAuiX. ABTO-
pBI paccMaTpuBaroT npuHUMIE padoTel STE, ee npenMylecTsa nepes TpaJuIUOHHBIMU METOJIaMU JTia-
THOCTUKH, a TaKXKe BaKHOCTh UHTETPAIMK JAHHOTO METO/a B KJIMHUUYECKYIO MTPAKTUKY JJIsi ONTUMU3ALNH
Je4e0HBIX CTPATErnii OHKOJIOTUYECKUX MallMEHTOB.

Bwvi6oowvi. CtaThs npusbIBaeT K naipHeremy n3ydennto STE u nmoguepkuBaeT ee moTeHIUATbHYIO
POJIb B yIyULIEHUH [TPOTHO3a U KaueCTBa )KM3HU MALMEHTOB, MOABEPratoINXCcs XMMHOTEPAIIHH.

Knroueswie cnoea: cnexn-mpexkunzosas sxoxapouozpaghusi, KapoOuomoKCUYHOCMb, XUMUOMePanus,
MUOKAPOUANbHASL MEXAHUKA, CePOeUHas (DYHKYUs
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