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ABSTRACT
Breast cancer represents the most frequent form of neoplasia in women worldwide, being responsible
of 1.6% of annual deaths. Therefore, it is a major public health issue and research in this field should be
a priority. Chemoterapics drugs are extremly potent tools, which alone or in association to radiotherapy,
increase survival and lower the reccurrence rate of cancer, but their use can be limited by cardiotoxicity.
Cardiotoxicity can appear early or late after therapy, and may vary from subclinical myocardial dysfunction to irreversible heart failure. Currently, cardiac dysfunction induced by chemotherapy is diagnosed
through classical echocardiographic parameters. However, these cannot detect subtle, early changes of
cardiac structure and function. Consequently, description of new methods, which could detect cardiac
dysfunction in an early stage, becomes essential for detecting the group of patients at risk for irreversible
heart failure and for monitoring the treatment.
Keywords: chemotherapy, cardiotoxicity, non-invasive methods

INTRODUCTION

B

reast cancer represents the most frequent form of cancer in women
worldwide, comprising 16% off all
cancers. A report of the World
Health Organization showed that 1
from 6 cancers is determined by breast cancer
and this form of neoplasm causes 1.6% of all

annual deaths in the world (1). The incidence
of breast cancer is increasing, over 1.1 million
of women being newly diagnosed with cancer
every year (1). Therefore, breast cancer is currently a major public health and economical
issue and research on new therapies, as well as
monitoring their safety use, should be a priority. Many studies showed that, due to new che-
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CHEMOTHERAPY-INDUCED CARDIOTOXICITY
motherapy, breast cancer can be considered a
curable disease. And indeed, use of a multidisciplinary approach - surgery, radiotherapy, chemotherapy - has conducted to a significant reduction in the mortality (2). As a consequence
of increased life expectancy, it becomes essential that specific oncologic therapies should be
safe (3).
Cancer treatment has improved significantly
in recent years and it has been proved to increase significantly rate of cure in breast cancer, as well as to reduce recurrences. However,
the applicability of these drugs is limited by the
risk of cardiotoxicity (4). Cardiotoxicity is one
of the most important adverse reactions of chemotherapy, leading to an important increase of
morbidity and mortality (5,6). Cardiotoxicity
can appear early or late in the course of the
disease, and may vary from subclinical myocardial dysfunction to irreversible heart failure or
even death (7). Data on the mechanism of the
appearance of cardiac dysfunction during chemotherapy and the susceptibility of patients to
develop cardiotoxicity are scarce (4,8). Some
studies suggest that patients without known
cardiovascular history may develop symptomatic heart failure in direct connection to the cumulative dose received, affirmation which has
led to the use of reduced doses of chemotherapy and, therefore, to a reduction in their efficiency (9). But also under these circumstances,
there is a risk of cardiotoxicity induced by chemotherapy, risk which cannot be foreseen by
the cumulative dose. Moreover, the cardiac alteration is very frequently subclinical and it can
appear early (during therapy), late (during the
first year after therapy) or very late (more than
one year after finishing therapy) (10). Consequently, better understanding of pathophysiology and early diagnosis of subclinical cardiac
dysfunction in patients with breast cancer under chemotherapy, as well as the close cardiac
monitoring during antineoplastic treatment is
essential in order to reduce cardiotoxicity.
Overtime, recommendations of diagnosis of
cardiac dysfunction induced by chemotherapy
used functional and structural parameters of
conventional echocardiography, such as left
ventricular (LV) ejection fraction (EF), fractional
shortening (FS), as well as diameters and volumes (11,12). However, these conventional
measurements allow only the late diagnosis of
cardiac dysfunction, which might be already irreversible. Therefore, there is major need for
60
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other accurate and reproducible parameters,
able to detect early, subclinical, LV dysfunction
and, thus, able to identify patients at risk for
rapid progression toward irreversible cardiac
failure, who can benefit from early therapeutic
measures. Therefore, this article reviews the
definition and mechanisms of cardiotoxic effects of chemotherapy. It also emphasizes the
importance of early detection of cardiac dysfunction in the course of the disease, with special focus on the imagistic methods. 
DEFINITION OF CHEMOTERAPY-INDUCED
CARDIOTOXICITY

C

ardiotoxicity is a general term used to define “toxicity that affects the heart” (13). A
growing body of researches is now studying
cardiovascular events associated with chemotherapy (14), however a clear definition of cardiotoxicity and the certain mechanisms involved are lacking. This definition refers to a
direct effect of the chemotherapy on the entire
cardiovascular system, but also to an indirect
effect due to a thrombogenic status or to a hemodynamic flow alteration (3). A committee of
the cardiac review and evaluation supervising
trastuzumab clinical trials clinically defined
chemotherapy-induced cardiotoxicity as one
or more of the following: 1) reduction of LVEF,
either global or specific in the interventricular
septum; 2) symptoms or signs associated with
heart failure (HF); 3) reduction in LVEF from
baseline ≤ to 5% to <55% in the presence of
signs or symptoms of HF, or a reduction in LVEF
≥10% to <55% without signs or symptoms of
HF (15). Cardiac dysfunction associated with
chemotherapy in breast cancer can be acute,
subacute or chronic side effect (3). Acute or
subacute cardiotoxicity develops any time from
the initiation of treatment up to 2 weeks after
the completion of therapy, and it can be characterized by different type of arrhythmias, abnormalities in ventricular repolarization and
QT intervals, acute coronary syndromes, or
pericardial reaction and alteration in myocardial function (3). Chronic cardiotoxicity refers
to the side effects that can appear within 1 year
after the completion the treatment – early cardiotoxicity, or more than 1 year after the chemotherapy – late cardiotoxicity. Since the most
typical sign of chronic cardiotoxicity is a subclinical, asymptomatic systolic or diastolic cardiac dysfunction that can leads to irreversible

CHEMOTHERAPY-INDUCED CARDIOTOXICITY
heart failure and even death (16), the ideal definition of cardiotoxicity is lacking, and therefore intensive analysis on cardiotoxicity should
be perform.
A study from 1979, performed prior to the
development of modern treatment of HF and
to the implementation of LVEF screening during chemotherapy, reported a prevalence of
clinical HF of 2.2% in a large cohort of more
than 4.000 patients who received anthracyclines, with a mortality attributed to HF of 71%
(17). However, a more recent study of patients
who received more than 500 mg/m2 of anthracyclines, reported a 63% prevalence of LV dysfunction after 10 years of follow-up, in contrast
to an 18% prevalence in those who received
less than 500 mg/m2 of anthracyclines. Despite
modern treatment of HF, 45% of patients with
anthraciclynes-induced cardiac dysfunction
showed no improvement of LV function in a
study published in 2010 (5). On contrary, cardiotoxicity related to trastuzumab may be reversible, if the drug is discontinued and the
treatment for HF is initiated (18). Therefore,
cardiotoxicity may be defined also based on
the underlying mechanisms and reversibility,
this characterization having the ability to predict irreversible HF and to monitor the specific
management (Table 1) (10,19). 

MECHANSIMS OF CHEMOTHERAPYINDUCED CARDIOTOXICTY

N

umerous studies demonstrated that the
type of chemotherapeutic drugs plays an
essential role in cardiotoxicity development (2,
3,20). Thus, the hypothetical mechanisms involved in chemotherapy-induced cardiotoxicity are: 1) direct cellular toxicity, with a cumulative myocardial injury, resulting in both diastolic
and systolic dysfunction; 2) effects on the coagulation system, resulting in ischemic events,
thrombogenesis and vascular toxicity; 3) arrhythmogenic effects; 4) hypertensive effects;
5) myocardial and/or pericardial inflammation
associated with myocardial dysfunction or pericardial sequels (2,3). 
DIRECT EFFECTS ON THE HEART

S

everal chemotherapeutical drugs induce
rapid apoptosis or necrosis, growth deprivation and angiogenesis suppression, or a compromise in repair capacity, not only in the proliferating cancer cells, but also in the
myocardium, leading to the cardiotoxicity
(Figure 1) (8,21). Anthracyclines, a widely used
chemotherapeutics, induce mitochondrial damage, changes in ATP production, and cellular

FIGURE 1. The direct effects on the myocardium of the chemotherapeutical drugs leading to
cardiotoxicity (8,21).
Type I (anthracycline-like)

Type II (trastuzumab-like)

Cellular mechanism
Cells death
Cells dysfunction
Dose related
Cumulative
Not-cumulative
Reversibility
Permanent
Reversible
TABLE 1. Definition of cardiotoxicity based on the mechanisms and reversibility (10,19).
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apoptosis, along with increase production of
free radical species that affects cellular membrane (22). Trastuzumab is direct cardiotoxic or
potentiate the cardiotoxic effect of anthracyclines, due to an effect on ErbB2 receptors, expressed on the myocardium, where they have
a protective role on cardiac function (23). On
the other hand, taxanes-induced cardiotoxicity
could be associated with myocardial damage
via effects on subcellular organelles (24), or to
massive histamine release, resulting in conduction disturbances and arrhythmias (8). 5-Fluorouracil has direct toxic effects on vascular endothelium, leading to coronary spasm and
endothelial-independent vasoconstriction via
protein-kinase C (25). However, whether the
observed cardiomyocytes damage has a clinical
importance is still controversial, along with the
role of protooncogene abl in the development
of cardiotoxicity (26,27). 
EFFECTS ON THE ANTICOAGULATION
SYSTEM

C

hemotherapy can induce blood clotting,
thrombosis and thromboembolic events,
leading to cardiovascular and cerebrovascular
ischemia (8). Furthermore, chemotherapy can
cause injury to the endothelial layer and disruption to the endothelial cells, activating the
coagulation cascade (8). Particularly, cisplatin
can activate the platelets aggregation and
thromboxane formation, increasing the thrombogenesis. The risk of thromboembolic events
increases also in patients with established risk
factors and in those with metastatic disease (8).

ARRHYTHMOGENIC EFFECTS

T

axanes, in particular paclitaxel, is a prototype of pro-arrhythmogenic drug, having a
chronotropic effect either indirectly through
histamine release or directly on the Purkinje
system (28). The most important pro-arrhythmogenic effect of chemotherapy remains the
QT interval prolongation, which can be explained by the interaction of anticancer drugs
with HERG K channels, allowing the rapid decreasing of potassium inflow into the cell (29).
Atrial fibrillation is another important arrhythmogenic side effect of chemotherapy, which
can complicate the outcome of patients with
cancer (30). It may be induced by drugs such as
Docetaxeil, 5-fluorouracil, cisplatin, etoposide,
or by high doses of corticosteroids, probably
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due to inflammation process associated, since
18.3% of patients with history of cancer had
atrial fibrillation compared with 5.6% of those
without history of cancer (31). 
HYPERTENSIVE EFFECT

H

ypertension is a common side effect of
several anticancer drugs, like antiangiogenic therapy. The related mechanism is the
inhibition of NO-synthase activity, and the decrease in NO production, with a significant increase in vasoconstriction and peripheral vascular resistance and blood pressure (32).
Hypertension can coexist with cancer, and
sometime may be exacerbated by chemotherapy, with direct effect on ventricular hypertrophy and heart failure (8). 
CLINICAL MANIFESTATIONS OF EFFECTS
OF CHEMOTHERAPY ON THE
CARDIOVASCULAR SYSTEM

N

umerous studies demonstrated the cardiotoxicity of specific classes of chemotherapeutic drugs (33), although recently there is a
global analysis of the different classes together
(28). In summary, congestive heart failure and
left ventricular dysfunction are associated with
use of anthracyclines, a cumulative-dose reaction, more frequently seen in women, in those
with previous cardiac diseases, and after mediastinal irradiation (33). Trastuzumab (Herceptin), a monoclonal antibody for the HER 2
protein, rises the risk of cardiotoxicity if administrated concomitantly with antracyclines (34).
5-fluorouracil, another widely used chemotherapeutical drug, may induce myocardial
ischemia and electrocardiogram alteration of
the repolarization phase (3). Antimicrotubule
molecules, such as vincalkaloids or taxanes,
may produce cardiac heart failure, rhythm and
conduction disturbances, and ischemia (33).
Neurohumoral activation without direct cardiotoxicity may induce heart failure if cyclophosphamide or mitomycin is used. The use of
Tamoxifen, a selective estrogen receptor modulator, is associated with alteration of cholesterol metabolism, with a significant increased
risk of thromboembolic disease and stroke (3).
The anti-vascular growth factor antibody, bevacizumab, is also related with thromboembolic
risk, hypertension, and even pulmonary edema
(35). Moreover, left ventricular dysfunction or
even heart failure, hypertension, and arrhyth-
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mias may developed in patients treated monoclonal antibodies, or interferon – , a biological
agents additional used in cancer treatment
(33). Table 2 describes in summary the cardiovascular side effects produced by chemotherapy (8). 
NON-INVAZIVE METHODS FOR
MONITORING CHEMOTHERPY-INDUCED
CARDIOTOXICITY

I

n order to prevent the occurrence of cardiotoxicity during chemotherapy in cancer patients, although monitoring of cardiovascular
function could be time-consuming and expensive, it is highly recommended to perform it
before, during, and after completion the treatment. A series of diagnostic and prognostic
methods have been suggested – clinical, imagistic, serological, or molecular – for detection of
cardiotoxicity and initiation the specific therapeutic measures. According to recent guidelines, cardiotoxicity is defined as a reduction of
the EF ≥5% to <55% with symptoms or heart
failure, or an asymptomatic reduction of the EF
≥10% to <55% (36). However, these cut-off
limits are arbitrary and frequently dysfunction,
systolic or diastolic, develops during chemotherapy even when EF or FS are within normal
limits. This form may lead to severe and irreversible cardiomyopathy and even to death
and, therefore, its diagnosis is crucial (16). Consequently, diagnosis of subclinical cardiac dysfunction in patients with cancer treated with
epirubicin is extremely important.
Overtime, recommendations of diagnosis of
cardiac dysfunction induced by chemotherapy
used functional and structural parameters of
conventional echocardiography, such as LVEF,
FS, as well as diameters and volumes (37,38).
However, these conventional measurements

allow only the late diagnosis of cardiac dysfunction, which might be already irreversible.
Therefore, there is major need for accurate and
reproducible parameters, able to detect early,
subclinical, LV dysfunction and, thus, able to
identify patients at risk for rapid progression toward irreversible cardiac failure, who can benefit from early therapeutic measures. We emphasize the role of imagistic methods and
biological measurements in assessment of chemotherapy-induced cardiotoxicity. 
IMAGISTIC METHODS

R

adionuclide ventriculography (RVG), Positron Emission Tomography (PET) and Cardiac Magnetic Resonance (CMR), along with
echocardiography, have been the proposed
methods for monitoring changes in cardiac
structure and function during chemotherapy.
Radionuclide ventriculography it has been
considered to be the gold standard for cardiotoxicity screening (39), but the single largest
study involving RVG for monitoring of cardiotoxicity was conducting in almost 1500 patients
receiving doxorubicin (40). Using this method,
19% of patients receiving a cumulative dose of
doxorubicin of 450g/m2 will be at risk to develop cardiac dysfunction (40). However, a
more recent meta-analysis showed that LVEF
measured using RVG is not accurate enough
for prediction of heart failure (41), due to the
fact that often RVG overestimating LVEF, associating errors in volumes measurements. Moreover, the method is expensive, with low temporal and spatial resolution, and with a high
risk of irradiation. Thus, RVG cannot be used in
currently medical practice in present.
Positron emission tomography. The utility of
PET in cancer patients was focused on the detection of metastatic lesion and response to the

Chemoterapeutical drug

Cardiovascular manifestations

Anthracyclines
5-fluorourcil

LVD, HF, myocarditis, arrhythmia
Ischemia, HF, pericarditis, cardiogenic shock
Sinus bradicardia, ventricular tachycardia, atrioventricular
Taxanes (paclitaxel), vinca alkaloids
block, HF, ischemia
Cyclophosphamide
HF (neurohumoral activation), mitral regurgitation
Trastuzumab
HF, LVD, arrhythmia
Tamoxifen
Thromboembolism, cholesterol metabolism anomalies
Bevacizumab
Hypertension, thromboembolism
COX-2 specific inhibitors
Thromboembolism
TABLE 2. Cardiovascular manifestations of different classes of chemotherapeutical drugs (modified
from 3).
LVD: left ventricular dysfunction; HF: heart failure
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chemotherapy (10). Moreover, this method is
capable to evaluate also the pericardial metastasis (42). However, PET has limited indications
in cardiac dysfunction monitoring in cancer patients receiving chemotherapy (10).
Cardiac magnetic imaging. Currently, CMR
is recognized by the ACC/AHA guideline as a
technique to screen chemotherapy-induced
cardiotoxicity, offering complete information
regarding myocardial performance, valvular
and pericardial involvement (43). Even this
method has several advantages, particularly in
obese patients with a suboptimal images quality, and it has been considered to be the golden
standard to measure the LVEF, having the
unique possibility to demonstrate myocardial
edema seen in acute myocardial injury (10), it
is less used for routine screening and monitoring of cardiotoxicity, in part probably due to
the widespread availability to the echocardiography.
Echocardiography is probably the most
readily available method for assessment to
monitor cardiotoxicity, with serial measurements of the LVEF or LVSF. Furthermore, it can
provide other information regarding multiple
cardiac effects of chemotherapy, such as valvular and pericardial involvement, and through
the newest echocardiographic techniques, it
can be used to detect early, subclinical myocardial injury.
Current guidelines recommend measurement at baseline, and then regular assessment
of cardiac function in order to detect cardiotoxicity, using conventional parameters such as
EF or FS (36). Even if echocardiography has become the standard method for the cardiac
evaluation in cancer patients, being non-invasive, cost-effective and widely available, there
are some important limitations of these parameters. Firstly, these are image-quality and operator dependent parameters. Secondly, using
LVEF assessment, only global LV function is
quantified, whereas regional function is not
evaluated accurate enough. And finally, global
parameters are load-dependent, and therefore
insensitive to detect subtle changes of myocardial function. Bi (44), Mercuro (7), and Sawaya
(12) also reported a decrease of EF late in the
course of the disease. Diastolic parameters
were significantly affected after the 3rd cycle
and persistent after a cumulative dose of epirubicin of 270 g/m2, however their accuracy was
low for prediction of EF reduction. Other study
64
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reported significant changes in LV diastolic
function only after a dose of 300 g/m2 of epirubicin, with no changes in EF (7). These results
provide evidence that subtle impairment in
cardiac function may be detected in patients
with breast cancer treated with epirubicin, suggesting a need for other parameters that might
be able to identify even better early changes in
myocardial function.
Measurement of long-axis function by tissue
velocity imaging, a reliable and reproducible
method, has been used extensively to detect
subclinical LV dysfunction. Thus, in patients
with breast cancer treated with anthracycline,
Lotrionte et al found that systolic velocities assessed after a minimum of 6 months of chemotherapy were significantly lower compared to
baseline, and able to predict further LV dysfunction (45). Meanwhile, Mangina-Tassan et al
demonstrated a reduction of myocardial systolic velocities very late, after 3.5 years from
the completion of treatment with anthracycline
(46). However, assessment of velocities has several limitations, such as translational motion
and ultrasound beam angle dependence.
Speckle tracking imaging assesses myocardial deformation independently of cardiac translation or the insonation angle. It uses myocardial speckles that represent tissue markers that
can be tracked frame-to-frame throughout the
cardiac cycles. Although the golden standard
for the measurements of LV deformation and
rotation is tagged cardiac magnetic resonance
(CMR), several studies validated STI by reference with CMR, proving its accuracy (47).
Myocardial deformation (strain) and the rate of
deformation (strain rate) reflect intrinsic contractility of the myocardium. Sawaya et al demonstrated that regional myocardial strain (longitudinal, radial, and circumferential) is
significantly decreased in patients treated with
anthracycline and trastuzumab before decrease
of EF, and also that can predict further changes
in EF (12). Similarly, Bi et al demonstrated a significant early reduction of longitudinal strain
after treatment with epirubicin (44). However,
other study failed to reveal a decrease of myocardial strain after chemotherapy (48). These
suggest that deformation parameters are a sensitive tool to detect early changes of contractile
function after epirubicin. STI also offers the
unique opportunity to assess rotational deformation of the LV, with good agreement with
tagged CMR (49). Therefore, it has been dem-
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onstrated the usefulness of new echocardiographic techniques, such as TVI and STI, for
early detection of impairment of contractile
myocardial function, before alteration in global
systolic LV function, suggesting that these can
be used in clinical practice in order to identify
patients at risk for development of irreversible
cardiac failure and to implement special preventive and therapeutic measures in patients
with breast cancer treated with chemotherapy.
These parameters should be now incorporated
into clinical protocols in order to optimize the
monitoring of chemotherapy - induced cardiac
toxicity. 
BIOLOGICAL MEASUREMENTS

T

he use of other non-invasive methods, such
as biological markers for monitoring cardiotoxicity has been investigated. Biomarkers may
provide important information regarding the
mechanism of cardiac dysfunction and may
identify patients at to develop irreversible heart
failure, therefore can be used in diagnosis of
chemotherapy-induced cardiotoxicity and in
monitoring cancer therapy. Several biological
markers, such as the different isoforms of troponin, can detect damage of the cardiomyocytes, and may be useful in detecting the acute
cardiotoxicity that is mediated by therapeutic
agents that induce cell death (50). In present,
strong data indicate that troponin offers the
ability to detect chemotherapy-induced cardiotoxicity in its earliest phase, before the reduction in LVEF. Recently, increases in troponin
levels have been observed in patients treated
with standard doses of anthracyclines, as well
as in patients treated with some of the newer
antitumor agents (3). In particular, in trastuzumab-treated patients, troponin can identify
patients who recover from cardiac dysfunction;
this might help us to distinguish between reversible and irreversible cardiac damage (51).
Thus, a prophylaxy with enalapril in patients
with early increases in troponin level after chemotherapy, may prevent cardiovascular damage, not only in high-dose anthracycline-treated patients, but also in patients treated with
standard-dose of anthracycline and trastuzumab (52). On the other hand, cardiac natriuretic
peptides, markers of hemodynamic overload
and increased wall stress, have been used as
biomarkers in detecting cardiotoxicity, but definitive evidence is still lacking with regard to a

diagnostic or prognostic role in predicting chemotherapy-induced cardiotoxicity (53). Other
biomarkers used to monitor cardiovascular
damage, such as myeloperoxidase, should also
be validated for clinical use in cardio-oncology.
Genomics, proteomics, and/or recently identified oligoclonal B-cell repertoires may provide
with genomic profiles and serological biomarkers for assessment of cardiotoxicity in the future. 
MANAGEMENT OF CHEMOTHERAPYINDUCED CARDIOTOXICITY

C

urrently, there are no guidelines developed
specifically for the treatment of chemotherapy-induced cardiotoxicity, however a few
small studies support the use of neurohormonal antagonists in the treatment and prevention
of this pathology. Large, multi-centers trials are
needed to establish guidelines for chemotherapy-induced cardiotoxicity. Until then, we follow the American College of Cardiology/ American Heart Association (ACC/AHA) and Heart
Failure Society of America (HFSA) guidelines
for treatment cardiac failure. Moreover, a close
collaboration between the cardiologist and oncologist is strongly recommended in order to
establish a specific management for the patients.
In addition to decreasing the cumulative
dose of anthracyclines, there are other approaches that may reduce the risk of developing cardiac cells death. The administration of
anthracyclines as infusions rather than as boluses, or the liposomal encapsulation of doxorubicin are all measures which may help reducing cardiac toxicity (54). Dexrazoxane, an
EDTA like chelator, may reduce the risk of cardiotoxicity in association with doxorubicin or
epirubicin. However, its use is limited to patients who receive a cumulative dose of doxorubicin >300 mg/m2 (55). On the other hand,
carvedilol, a beta-blocker with antioxidant
properties, might reduce the risk of anthracyclines induced cardiotoxicity. Kalay et al demonstrated in 50 patients receiving anthracycline
therapy and either carvedilol 12.5 mg once
daily or placebo, that there was no change in
the LVEF in the carvedilol after 6 months. However, LVEF significantly decreased in the placebo group. Due to the small size of this study,
additional larger trials are needed (56). Cardinale et al randomized 114 high risk patients
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with elevated troponin I after receiving high
dose anthracyclines, to receive either enalapril
at a starting dose of 2.5 mg daily or placebo for
one year. 43% of the control group had a decrease in the LVEF compared to 0% in the enalapril group (57). Overall, once the diagnosis of
chemotherapy-induced cardiotoxicity is established, the oncologist and cardiologist should
discuss the patient’s prognosis, while weighing
the risks of discontinuing the cardiotoxic agent.
The initiation of standard heart failure treatment, as well as the discontinuation of the cardiotoxic agent will increase the recovery of LV
function. There is an urgent need for large multicenter trials in order to validate some of the
preliminary albeit promising research, already
conducted in this field. 
CONCLUSIONS

T

he advances in non-invasive cardiac imaging methods to monitor chemotherapy-induced cardiotoxicity and to early detection of

Abbreviations list
Arot: apical rotation
AVO: aortic valve opening
AVC: aortic valve closure
ACC: American College of Cardiology
AHA: American Heart Association
CMR: Cardiac Magnetic Resonance
EF: ejection fraction

impairment of contractile myocardial function,
before alteration in global systolic LV function,
demonstrate that these can be used in clinical
practice in order to identify patients at risk for
development of irreversible cardiac failure and
to implement special preventive measures in
cancer patients. Thus, myocardial systolic velocities, assessed by tissue velocity imaging, or
LV deformation assessed by speckle tracking
can detect subclinical cardiac dysfunction and
predict impaired LV function .These parameters should be now incorporated into clinical
protocols in order to optimize the monitoring
of cardiotoxicity induced by chemotherapy. 
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FS: fractional shortening
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PET: Positron Emission Tomography
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STI: speckle tracking imaging
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