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Abstract 

In recent years, a significant success has been achieved in the treatment of breast cancer with the development of new effec-
tive therapeutic regimens in addition to traditional therapies. Along with the mentioned positive trends an increasingly urgent 
problem, cancer-therapy related side effects have emerged. The most important is the cardiac dysfunction or cardiotoxicity 
which essentially worsens the prognosis and ranks the first among the fatal complications caused by cancer therapy. All of the 
above has become a determinant of the actualization of the issue of early diagnosis and management of cardiotoxicity.  Ac-
cording to the guidelines, the left ventricular ejection fraction is considered the main measurement for predicting and detecting 
cardiotoxicity, however, the decrease in LVEF mainly occurs in the late stages, when a large myocardium area is damaged. Our 
review analysis suggests that the global longitudinal strain is a more sensitive and accurate marker for detecting early, subclini-
cal, subtle left ventricular dysfunction and heart failure than standard echocardiographic parameters (left ventricular ejection 
fraction). The drop in global longitudinal strain is informative in asymptomatic patients even with preserved ejection fraction, 
predicts reduction of ejection fraction and subsequent cardiotoxicity, with diagnostic and predictive ability superior to EF and 
other strain parameters. Speckle tracking echocardiography is an advanced imaging technique designed for better feasibility 
than standard echo to detect subclinical cardiotoxicity in breast cancer patients. The three-dimensional echocardiography is 
potentially superior to the two-dimensional echocardiography in early detection of cardiac dysfunction. Biomarkers may be 
useful for predicting cardiotoxicity. Administration and monitoring of cardioprotective therapy via global longitudinal strain 
should potentially improve cardiac function in patients at risk of cancer-related cardiotoxicity. Early detection of cardiotoxicity 
can help modify cancer therapy prevent irreversible heart damage.  
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  Introduction 
 
reast cancer is the most frequently diagnosed cancer 
(1;2;), is the most common type of cancer in women in 
Georgia (32%)(3) and all over the world (1;2;4). Accord-
ing to the data of the Georgian Cancer Registry, the 
breast cancer incidence rate per 100,000 women was 

82.8% in 2018(3), and according to WHO data, 7.8 million wom-
en were diagnosed with breast cancer between 2015 and 2020(1). 
The incidence increases proportionally along with age, more 
than 60% of new cases occurring in the 50-70 age group 
(postmenopausal women)(1;3). Recently, significant improve-
ments in therapeutic regimens and early cancer detection pro-
grams have increased the number of cancer survivors(5), but the 
breast cancer still represents the leading problem among the 
causes of morbidity, mortality and disability of the population 

B 

(1;4;5) among cancers  the leading cause of death in women(2;6) of 
all ages. The growing number of patients is caused by an in-
crease in cancer development and cardiovascular risk along with 
age(7), as well as short and long-term side effects of cancer ther-
apy(1;8), the most important among them is cardiotoxicity, which 
significantly worsens the prognosis(9). Currently, it is well-
known that different treatment regimens can cause various car-
diovascular disorders(10;11;12;13), however, cardiotoxicity is mainly 
considered as symptomatic or subclinical left ventricular (LV) 
dysfunction and heart failure(8;9;10;14;15;16). Anthracyclines most 
often cause cardiotoxicity and approximately 60% of patients 
die of heart failure within 2 years of admission(8;9;10;17;18).  
Breast cancer patients receive different therapeutic modalities, 
with different potential for interaction and therefore, cardio 
toxic effects(9;15). Cardio toxicity has been classified as follows: 
“early” (adverse effects on oncological therapy) or “late” (late 
consequence of early myocyte damage due to progressive cardi-
ac remodeling)(9) and by pathophysiological origin: irreversible 
(type I) e.g.  Anthracyclines are characterized by irreversible, 
permanent myocardial damage due to apoptosis and necrosis, 
especially after the first dose in terms of the cumulative admin-
istered dose (dose-dependent)(8;10;19;20;21;22) and reversible (type 
II) cardiotoxicity, characterized by the dose-independent re-
versible myocardial damage e.g. Trastuzumab(21;23;24;25). Clinical 
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studies have confirmed cardiovascular damage with new mecha-
nisms (8;9;14;17;18;26;27;28). Modern techniques provide the improved 
heart protection during radiotherapy, but is clearly known for its 
heart disease of predominantly the apical regions especially dur-
ing radiation therapy of the left breast(12;29;30;31), Anthracyclines 
and radiation therapy exhibit dose-dependent cardiotoxicity 
(21;31). 
One of the main factors contributing to the increased risk of 
cardiotoxicity caused by the cancer therapy is existing cardiovas-
cular disease and risk factors (8;32). A high-risk determinant is 
both the number of risk factors and their severity. 
Nowadays the conventional criteria for the diagnosis of cancer 
therapy-related cardiac dysfunction (CTRCD) depend on symp-
toms of heart failure and/or changes in left ventricular ejection 
fraction (LVEF)(33). However, the symptoms are limited due to 
the overlap of heart failure and cancer symptoms. Transthoracic 
Echocardiography (TTE) is the cornerstone of imaging in pa-
tients with malignant tumors at all stages—before, during, and 
after therapy (8;16;17;18;24;26;31;32;34). It provides: before decision-
making on specific cancer treatment regimens determination of 
potential cardiotoxic early and late effects with risk assessment 
(which allows the correct selection-modification of treatment), 
identification and prediction of subclinical and symptomatic 
cardiovascular dysfunction, long-term follow-up and evaluation 
of the effectiveness of cardioprotective intervention(16;18;26;32).  
Currently, the left ventricular ejection fraction (LVEF) estima-
tion by two-dimensional (2D) echocardiography is the most 
validated and commonly used parameter in detecting, monitor-
ing and predicting cardiotoxicity due to its wide availability, low 
cost, and safety (8;9;26;31), but several research suggests that it is 
not sensitive enough to detect early and subtle changes in cardi-
ac function(9;15;25;35). The marked reduction of the left ventricular 
ejection fraction (LVEF) is often a late phenomenon, which 
appears only in extensive damage of myocardial tissue and is a 
sign of overt heart failure (9;15), due to the late diagnosis and  
delayed cardioprotective intervention, the systolic function can-
not be restored in up to 58% of patients(9). One promising 
method is the assessment of global longitudinal strain (GLS) by 
the speckle tracking echocardiography (STE), which has 
emerged as a powerful and sensitive marker of an early, subclini-
cal, subtle left ventricular dysfunction in women with breast 
cancer. Studies have shown that the drop in GLS preceded a 
reduction in ejection fraction (EF) and subsequent development 
of cardiotoxicity, has diagnostic and predictive superiority com-
pared with 2D EF and other stress parameters. (GLS) can be 
used as a direct marker of heart failure and is informative in 
asymptomatic patients (in detecting subclinical cardiotoxicity 
with preserved EF)(9;15;16;25;35;36;37). GLS is already included in 
recent consensus documents on cardiotoxicity(8;33). Additionally, 
the prognostic value of regional differences in a longitudinal 
strain has been demonstrated in several studies (43;44;45). In addi-
tion to the above, the early and permanent cardiotoxicity was 
detected, which is characterized by only partial reversibility (42). 
Research has revealed the superiority of three-dimensional (3D) 
STE to two-dimensional (2D) echo(10;15;37;38;39;40;41). A number of 
studies suggest that GLS can enhance personalized risk-benefit 
decision-making, facilitate the use of cardioprotective strategies 
to prevent progression to the advanced stage of heart failure 
(HF) and thus, potentially improve cardiac function in patients 
at risk of cardiotoxicity (25;33;44). Noteworthy is the SUCCOUR 
study, the first international multicenter prospective randomized 
controlled trial that had 23 international sites, enrolled 331 pa-
tients with at least 1 cardiovascular risk factor with cardiotoxic 
chemotherapy, men aged 54+/- 13, 94% were female, 88% had 
breast cancer, both GLS and EF were evaluated in these pa-

tients. The SUCCOUR study has investigated GLS-guided car-
dio protective therapy the avert drop in LVEF and enhance the 
possibility of the cardiovascular outcome. It has shown that that 
patients with CTRCD in the LV EF-managed arm had more 
reduced LV EF at long-term follow-up than in the GLS-
managed arm; The results support the use of GLS during 
CTRCD tracking and also demonstrated that the three-
dimensional echocardiography has greater reproducibility and 
accuracy in assessment of LVEF, although all methods of LVEF 
assessment are hemodynamically dependent and less sensitive 
than myocardial strain measurements (25;33; 34).  
Limitations of standard two-dimensional (2D) echocardiography 
are technical aspects and volume changes(15;35), two-dimensional 
speckle tracing (STE)  is superior to the above tool  in early di-
agnosing cardiotoxicity, but it depends on image quality, needs 
constant inspection, load dependence and main limitation is 
tracking of 'out-of-plane' speckle motion(46). New advanced im-
aging technique, such as 3D speckle tracking echocardiography 
(STE), has emerged as an alternative to overcome the problems, 
is promising, more sensitive modality   in the early diagnosis and 
prediction of especially subclinical left ventricular dysfunction 
(9;15;16;35;42), eliminating geometric assumptions, allow tracking of 
'out-of-plane' speckle motion, enables the analysis of the entire 
left ventricle from a single volumetric data set with the simulta-
neous estimation of all strain parameters (time saving compared 
with 2D STE and be relevant to the clinical practice ), has great-
er reproducibility of successive assessments and better correla-
tion with cardiac magnetic resonance (9;15;35). 3D STE demon-
strates that deterioration of the myocardial mechanics includes 
all components of deformation and reveals changes that cannot 
be identified by simple 2D quantitative measurements(15;35). The 
global longitudinal strain (GLS) was proposed as the optimal 
STE parameter for predicting cardiotoxicity(8;15;35;44). When the 
three-dimensional 3D echocardiography is not available 2D GLS 
and also E/e' ratio are recommended to detect early LV dys-
function (15;21).  
For the risk assessment and early detection of cardiotoxicity 
determination of high sensitive troponins (hs TnI or TnT) and 
natriuretic peptides (B-type natriuretic peptide (BNP) or termi-
nal pro-BNP (NT-proBNP)(8;16;18;21;22;26;31;32;34;37;39;47;48) are recom-
mended. However, some researches do not confirm the prog-
nostic value of cardiospecific biomarker(48;49).The possibility of 
NT-proBNP is more effective in the late stage, when EF is re-
duced and cardioprotective therapy is less effective(47) many fac-
tors affect the levels of biomarkers (5;18;50).  
Baseline GLS can predict the left ventricular dysfunction(34;40). In 
breast cancer patients a decline in GLS was identified already in  
3 months from the start of the therapy before a decrease in 
LVEF, with the development of symptoms of EF at subsequent 
follow-up (15;26). Segmental changes in LV deformation have also 
been reported in studies (43;44;45). At low, medium or high-risk 
patients, it is important to have a certain frequency of echocardi-
ographic control (16;17). Baseline echocardiography (LVEF and 
GLS) is recommended in all patients to assess LV function or 
any structural heart disease prior to a potentially cardiotoxic 
therapy, it assists in cardiovascular risk stratification in most 
cancer therapies (8;9;16;17;18;24;26;31;32;34). Early assessment of cardiac 
function with echocardiography and biomarkers (troponin, NT-
proBNP), especially at high-risk patients, should be repeated at 
regular intervals during treatment (after every 2-4 cycles for an-
thracyclines) (8;16;18;26;31;32;34) and for long-term follow-up at  3- 6- 
and 12 months after the end of the treatment, especially among 
those with early cardiotoxicity(8;16;18;20;26;31;32). A prompt initiation 
of heart failure treatment (ACEI/ARB, beta-blockers) is recom-
mended in case of  drop in LVEF <50%, reduction in strain 
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>15%, and/or increase in biomarker(8;18;25). The GLS-guided 
cardioprotective therapy potentially reduces the decline in LVEF 
and should remain the preferred technique for detecting cardio-
toxicity (25;34). 
 
Conclusions 

It is an increasingly supported assumption that GLS is helpful 
in early detection of subtle changes in LV systolic function, GLS 
has a greater prognostic and diagnostic value than LVEF and 
also the ability of advanced echo-techniques (2D and especially 
3D speckle tracking) to detect subclinical cardiotoxicity is an 
obvious advantage. It is especially important to develop GLS-
guided screening-diagnostic methods and algorithms in women 
with breast cancer, that will allow us to detect subtle structural-
functional heart disorders at an early stage, reduce the likelihood 
of cancer-related cardiovascular complications, provide preven-
tion, implement long-term effective monitoring and cardiopro-
tective strategies in order to improve the final outcomes .GLS 
can enhance personalized decision-making regarding risks and 
benefits.  
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