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The Role of Two-Dimensional Speckle Tracking 
Echocardiography in Cardio-Oncology

Abstract

Echocardiography has recently evolved into an advanced non-invasive diagnostic modality in the field of cardiology and cardiovas-
cular medicine; and has undergone innovations due to the availability of deformation parameters including strain, strain rate, twist 
and torsion that allow for accurate assessment of myocardial mechanical function. The myocardial deformation parameters have 
been highlighted, and have important clinical and research applications for daily clinical practice in managing diverse etiologies of 
systemic and other diseases where myocardial function could be compromised.

The deformation parameters are largely implicated for the early detection of myocardial dysfunction or subclinical myocardial dys-
function, particularly in asymptomatic patients. Speckle tracking strain analysis is extensively applied to cardiomyopathies, coronary 
artery disease, valvular heart diseases or simply for prognostic purposes in condition where myocardial function has been compro-
mised. More recently, several other clinical situations including cardio-oncology and metabolic conditions have benefited from spe-
cial evaluation by speckle tracking strain analysis methods. In the modern era, speckle tracking strain evaluation, particularly Global 
Longitudinal Strain (GLS) and Global Circumferential Strain have been shown to provide useful information to our daily clinical prac-
tice, however GLS in particular has recently been implicated as an important strain parameter in cardiovascular or cardio-oncology 
patients with regard to management and long-term follow-up. Lately, some specific aspects of strain evaluation, particularly GLS have 
been shown to provide useful information of clinical relevance in the case of cancer patients. 
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It is crucial to have a constant and regular follow-up; and standardized imaging protocol to monitor myocardial function which 
has been repeatedly highlighted in clinical cardiology practice. The literature has extensively implicated the utility of left ventricular 
ejection fraction (LVEF) with deformation parameters, particularly strain which represents a more accurate method for assessing sub-
clinical myocardial mechanical dysfunction. [33-34, 36-37] This premise is scientifically true and feasible, especially in patients with 
sub-clinically ventricular myocardial dysfunction and also those with borderline or reduced LVEF. [36] From the physiological stand-
point, deformation imaging in the form of strain, particularly global longitudinal systolic strain (GLS) may provide useful information 
in cardio-oncology which is supported by the knowledge inert effect on LVEF, Figure 1. [34,36-37] As a result we opted to take this op-
portunity to review cardiotoxicity in patients who receive chemotherapeutic treatment, radiotherapy or both; and the role of advanced 
echocardiographic imaging modalities, particularly speckle tracking strain parameters to detect subclinical myocardial dysfunction in 
cancer patients. 

Introduction

Figure 1: [47] Showing the three different apical chamber views in a normal person, where speckles 

from frame to frame were used to calculate myocardial deformation in different directions. Images A, B 

and C represent the left ventricle in four-chamber, two-chamber and three-chamber views which were 

analyzed with speckle tracking software; respectively. The regional and global longitudinal strain values 

are displayed in image D. Note that the averaged GLS is -21%. Abbreviation: GLS, global longitudinal 

systolic strain, RT, radiotherapy. (Images, courtesy of SUVI TUOHINEN). [47]

Although, circumferential strain has previously been used to evaluate and differentiate constriction from restrictive cardiomyopa-
thies; and contributed immensely to evaluate suspected myocardial damage and dysfunction in patients with metabolic syndrome, infec-
tions and other systemic diseases; data are still limited with its potential applications in cancer patients and also during the current era 
of cardio-oncology. [39-41,45] Currently, studies are essentially limited to the use of GLS in cancer, cardio-oncology and chemotherapeu-
tic induced cardiotoxicity.

Clinical applications of 2D-Speckle tracking echocardiography in cardiology and cardio-oncology

The recent literatures suggest that a highly reproducible, sensitive and easily attainable deformation parameter with potential 
broader sense of clinical utility in a diverse pathology of myocardial disease is GLS, Figure 1. [33,38] The GLS is clinically applicable and 
globally proposed in a multiple clinical context including several cardiac and non-cardiac diseases. The GLS can be utilized, among other 
things, in ischemic heart diseases, systemic and pulmonary arterial hypertension, valvular heart diseases and in the cases of post-valvu-
lar repair’s or replacement’s follow-ups, pericardial diseases including both pre- and post-pericardiectomy in the setting of constriction, 
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heart failure managements and follow-up, cardiomyopathies including hypertrophic cardiomyopathies, renal patients including post- 
renal transplant, and cardiotoxicity in patients on or after chemotherapy, to aid differentiate whether changes observed are either the 
pathological or simply physiological. [39-41]

Definition of cardio-toxicity

The clinical application of strain indices, apart from cardio-oncology, and particularly GLS measurement, can be extended to other 
medical conditions and appeared therefore to be a sensitive indicator for early detection of sub-clinical diseases, Figure 1. Multiple actual 
clinical applications can be proposed in the case of coexistence of many non-communicable diseases. [33, 35, 38-41]

Definitions: Cardiotoxicity is currently defined as an expression of LV systolic dysfunction, which could be divided into two criteria 
based on recent reports: 1) as a 5% reduction in symptomatic patients, or 2) a 10% reduction in asymptomatic patients, in the LVEF from 
baseline to a value less than 55%. [22-24, 46]

In the recent past, the reports have proposed two main mechanisms which are widely publicized for myocardial injury in cancer pa-
tients on chemotherapy for any form of cancer: 1) the first mechanism which is irreversible, is the dose dependent mechanism reported 
in era of cytostatic drugs. The common agents associated with this irreversible myocardial toxicity include the antracycline. The main 
pathognomic mechanism for myocardial toxicity is related to the over production of free radicals from the oxidative stress pathways and 
2) secondly, the dose independent mechanism also referred to as the “no dose cumulative dependence”, which is a reversible mechanism 
related to receptor inhibitors. [25-28]

Despite previously limited data on chemotherapy related cardiotoxicity, it is also important to consider that the incidences of car-
diotoxicity related to chemotherapy agents are currently reported to be higher than previously anticipated. The strain measurement 
by speckle tracking echocardiography (STE), particularly GLS appears to be the most sensitive and reproducible for early detection of 
sub-clinical cardiac or cardiovascular diseases where many acute and chronic metabolic chronic or patho-physiological conditions are 
implicated. [33,38] Most importantly, STE may be useful in areas where standard echocardiographic parameters including LVEF or tissue 
Doppler indices cannot assist us to clarify or identify the possible primary clinical diagnosis. [36-37] The deformation imaging need be 
implicated for early diagnosis and risk stratification, including prognostication of cancer patients receiving cardio-toxic cancer therapeu-
tic agents. [33-35] This approach should be emphasized and considered for routine daily clinical practice, where feasible. With current 
literature, roughly a third of cancer patients develop asymptomatic LV dysfunction and around 2%-6% may become symptomatic with 
features of overt heart failure syndrome. [34,42]

Strain in cardio-oncology - global longitudinal systolic strain: In the current era, reported data indicates that myocardial deformation 
imaging, strain parameters and in particular the GLS is regarded as the most important tool which plays an incremental role for early 
detection of suppressed myocardial function in the field of cardiology and cardiovascular medicine; and most importantly in patients 
receiving chemotherapy. The GLS has been regarded as an appropriate echocardiographic strain parameter proposed in cardio-oncology 
and one should consider applying GSL on all patients on or post-chemotherapy for early detection of myocardial dysfunction. [33-34,44] 
Tracking of LV myocardial deformation using STE for early detection of LV myocardial mechanical dysfunction in cardio-oncology and 

Apart from this postulated mechanisms, it is pivotal to note that some of the cardiotoxic effects from any of these chemotherapeutic 
agents can still occur at least two decades after the first dosing of the initial chemotherapeutic regimen, as a result it is crucial to imple-
ment all potential prophylactic strategies to reduce the risk of cardiotoxicity, in particular anthracycline-induced cardiotoxicity. [28-32, 
43]

Chemotherapy induced cardiotoxicity

Mechanisms and risk factors for chemotherapy induced cardio-toxicity

The role of deformation – speckle tracking train echocardiographic parameters in cardio-oncology, chemotherapeutics
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Echocardiography plays an integral part as the first non-invasive and easily accessible imaging approach to be considered; the most 
cheap and effective in cardiovascular diseases and cardio-oncology, Figure 1. Other imaging modalities which should be in co-operated 
during the initial visits an d for follow-up of patients in cardiovascular medicine and chemotherapy induced cardiotoxicity, are chosen 
based on the attending clinician’s judgment depending on the patient’s clinical presentation and. Imaging modalities, including the 
Magnetic Resonance Imaging, Single Photon Emission Computed Tomography, positron emission tomography and computer tomogra-
phy are some of the most important imaging options which should form part of our daily clinical practice, however their choices always 
depend on the attending clinical judgment, cost and availability of these modalities at the clinical center. The implementation of cardiac 
imaging forms an integral part of the imaging protocol in cardiovascular practice. In addition, most recently research has summarized 
and reported the role of nuclear imaging modalities for early detection of myocardial damage related to chemotherapeutic agents and 
cardio-chemo-radiotherapy at the reversible stages, which need be implemented on our daily clinical practice.

follow-up of cancer patients on chemotherapeutic agents, GLS is considered the best strain parameter compared with circumferential 
strain. Although, GLS is regarded as an important parameter for early detection of sub-clinical myocardial dysfunction, recent reports 
suggest a combination of GLS with LVEF, and also the addition of troponin, for early detection of any potential cardiac damage. [43-44]

Radiation induced myocardial fibrosis which in turn leads to a decrease in myocardial elasticity and distensibility, can subsequently 
lead to decreased LVEF and later overt heart failure. [1,2,4-5] Radiation induced cardiac disease may affect all mediastinal or cardio-
vascular structures including pericardium, myocardium, valves and coronary arteries. [1] In addition; one needs to worry about other 
potential mechanisms of radiation induced cardiac disease, primarily vascular, where atherosclerosis is accelerated by radiotherapy as 
either direct or indirect mediastinal radiation induced coronary artery injury. [1]

A cluster of environmental and traditional risk factors for coronary and cardiovascular diseases may be present in cancer patients 
which in turn may subsequently affect the general risk profiling of cardiac diseases, where ionizing radiation become one very im-
portant factor in these patients. [5-13] Higher doses and longer duration of exposure during radiotherapy are also important factors 
for cardiac and vasculature injuries, which significantly increases the risk of radiation induced cardiac diseases. [5-14] Reports dem-
onstrated that radiation-induced heart diseases are due to long-term outcomes after radiotherapy treatment of malignant disease, in 
particular breast cancer. [15-16] In addition, pathological structural changes in situations related to high-doses of radiotherapy on the 
heart are due to direct damage leading to coronary artery diseases, pericardial adhesions, fibrosis of the pericardium and myocardium, 
microvascular injuries, and valvular stenoses. [13,17-18] In addition, the presence of multiple risk factors may also increase the risk 
in those who receive smaller and moderate doses of radiation during their radiotherapy sessions. [5-13] Radiotherapy, particularly in 
patients receiving mediastinal radiation, leads to an increased collagen deposition after irradiation which may contribute to impaired 
myocardial contractility and dysfunction. [3,13,19] In addition, cardiomyocytes are known to react to stress signals directly by initiating 
an inflammatory response through activation of macrophages, which also applies to radiation patients. [13,20] All these may later lead 
to decreased myocardial contractility, resulting in decreased diastolic filling and subsequently impaired ventricular systolic function. 
[2,13,21]

Left Ventricular Mechanical Dysfunction in Radiation-induced cardio-toxicity

Radiation-induced myocardial dysfunction

Risk factors and mechanisms of radiation induced myocardial toxicity

Other imaging modalities

Summary and Conclusion

Strain analysis should form an important part of our daily clinical practice in the field of cardiovascular and cardio-oncology. Strain 
parameters should be implemented in the management of cancer patients, and need be highlighted to improve primary and secondary 
prevention of cardiomyopathies, particularly in patients receiving chemotherapy with or without radiotherapy. The GLS should form an 
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integral part in cardio-oncology management protocol to exclude any potential myocardial mechanical dysfunction and further guide 
management in patients with or those at risk of potential cardiotoxicity. The strain analysis, particularly GLS principally forms an im-
portant aspect in patients who are completely asymptomatic or those with a history of a transient heart failure, and where regular and 
continuous follow-up is fundamental.
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