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Abstract: Echocardiography has recently undergone innovations due to the availability of
deformation parameters as strain, strain rate, torsion and rotation that allow an accurate assessment
of myocardial function. Because of this general progress, the importance of myocardial deformation
parameters has been highlighted, and some aspects of their clinical and research applications have
recently been considered for the daily management of many acute and chronic metabolic diseases.
The deformation parameters are largely proposed for the early detection of myocardial dysfunction,
especially in the case of patients being completely asymptomatic. Strain analysis is extensively
applied to cardiomyopathies, to coronary artery disease, or to the evaluation of the “forgotten
chambers”, such as the right ventricles and atria. More recently, several other clinical contexts,
like non-communicable chronic diseases (NCCD), have actually been benefitting from specific
evaluation by strain analysis. Lately, some specific aspects of strain evaluation, particularly Global
Longitudinal Strain (GLS) have been shown to provide useful information of clinical relevance in
the case of cancer patients. This paper presents an initial review of the recent applications of strain
analysis in cardio-oncology, in order to share the recent experience in this field and to support the
role of these parameters in cardio-oncology.
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1. Introduction

Strain represents a dynamic parameter for evaluating the deformation reserve from applied
force, like stress, and to detect the elastic properties of the cardiac muscle [1]. In echocardiography,
strain analysis is able to provide incremental information for the early clinical detection of myocardial
damage in many potential myocardial failures such as asymptomatic cardiotoxicity. In particular,
Speckle Tracking (ST) is a non-invasive technique recently proposed as a fundamental method to assess
left ventricle (LV) function [2]. The relevance of accurate and continuous follow-up in cancer patients
is widely discussed and was recently supported by stressing the importance of giving the correct
indications for returning to a normal life. A complete lifestyle intervention includes several approaches,
and among them, nutritional advice and physical activity are very important [3]. Cardio-oncology,
and particularly Sports Medicine, work together to prevent potential myocardial failure and reduce
the eventual risks of sedentarism in cancer patients. Particular attention is needed for cardiotoxicity,
due to its unsuspected appearance in subjects with previous history of cancer.

Some recent clinical experiences have been extended to a pediatric context [4], where the
importance of highlighting aspects of early detection of eventual myocardial dysfunction and therefore
of the cardiotoxicity, has been noted in the recent literature.
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Cardiotoxicity, as an expression of LV dysfunction, is defined as a ≥5% reduction in symptomatic
patients, or a ≥10% reduction in asymptomatic patients, in the left ventricular ejection fraction (EF)
from baseline to a value of <55% [5]. The incidence of cardiotoxicity has been studied in cancer patients
and, among the different kinds of cancers, certain studies have been conducted mainly in breast cancer
patients [6]. Authors have invested dedicated study to the increased risk of mortality from ischemic
heart disease in cancer patients who were treated with adjuvant radiation or chemiotherapy [7].
The importance of a constant and correct follow-up to the myocardial function has been therefore
progressively highlighted in clinical cardiology practice.

LV EF is a traditional echocardiographic parameter largely used to monitor myocardial function.
However, it was recently suggested that evaluation of LV function based on this single parameter
was not sufficient to detect subtle myocardial injury, especially in the case of asymptomatic patients
where the history of potential heart damage can be hypothesized [8]. The literature has suggested that
an integration of EF with deformation parameters represents a more accurate method for assessing
heart function, especially in those cases associated with a low (less than 5%) reduction of EF [9].

The necessity to estimate myocardial deformation is of high relevance for cancer patients where
the eventual cardiotoxicity can be reversible and therefore it needs to be discovered early. This is
particularly relevant because multiple morbidities can be associated with one another during cancer
disease and because the eventual minimal reduction of EF cannot be recognized with confidence [10].

From the physiological point of view, the consideration that deformation imaging may provide
useful information in cardio-oncology is supported by the knowledge that the final part of ejection of
the left ventricle occurs by inertial effects. Therefore, the peak systolic strain rate represents an early
systolic event that is more closely related to contractility than the EF [11]. Moving forward from this
perspective, strain can actually represent an important instrumental approach for the deeper evaluation
of myocardial function in asymptomatic patients, especially in those with almost preserved EF [12].

Myocardial deformation imaging analysis started in the late nineties using tissue Doppler
imaging (TDI) [13]. A few years later, techniques of speckle tracking started to be developed for
echocardiography [14–16]. ST is a method of post-processing a 2D echocardiographic image with
no-angle dependence. For this reason, the recent myocardial deformation imaging investigation is
preferably performed by this method, despite it being partially sensitive and limited to a high quality
of image acquisition.

Numerous clinical applications of the ST strain imaging were recently presented in parallel to
a progressive improvement of dedicated software tools. Among the many strain-based parameters,
Global Longitudinal Strain (GLS) has been demonstrated to be the most direct, validated and
reproducible for the correct assessment of the LV function [2]. Measurements of GLS were also
confirmed to be reproducible enough in a comparison between different vendors software with no
substantial differences [17]. These aspects supported the hypothesis that GLS is actually a “strong
parameter” in echo clinical practice with different pathological applications.

The literature has recently proposed the common use of the GLS parameter in a large clinical
context including several different diseases. Its use is therefore not restricted to the coronary
artery disease but can be extended to the arterial hypertension [18], the valve’s replacement
follow-up [19], post-transplant renal recipients [20], cardiotoxicity after chemotherapy and also
hypertrophic cardiomyopathies, where the distinction of the physiological from the pathological
disease could be difficult.

Strain analysis is not, however, limited to GLS: circumferential and radial strain also demonstrated
potential relevance in clinical applications. For example, circumferential strain can contribute to
improving the knowledge of the damage in young patients with metabolic syndrome [21] as well as
in hypertension [22]. However, not enough data is yet available about the potential applications in
cancer patients. The recent clinical studies in this context are essentially limited to the use of GLS.

Some other radiological methods can be evocated in the follow-up of cardiotoxicity induced
by cancer treatment. Among them, the Magnetic Resonance Imaging (MRI), Single Photon



J. Funct. Morphol. Kinesiol. 2016, 1, 343–354 345

Emission Computed Tomography (SPECT), positron emission tomography (PET) and computer
tomography (CT) are involved. Researchers have summarized the role of nuclear imaging techniques
in the non-invasive detection of myocardial damage related to antineoplastic therapy at the
reversible stage [23].

The literature reports that the Cardiac MRI is a well recognized imaging technique to screen
chemotherapy-related cardiomyopathy [24]. It provides reproducible and noninvasively assessment of
LV volume, mass and function. However, its high cost and low availability limit clinical routine use.

The comparison of Echo assessment with MRI or other methods supports the role of the
non-invasive method in the general clinical follow-up. At the same time, the results support the
high reproducibility of the data. The SPECT analysis has been proposed especially for the long
term follow-up in breast cancer patients treated with taxani. It is a specific method to detect
taxane-induced cardiotoxicity mainly after doxorubicin chemotherapy and a higher rate of LV
dysfunction development in patients with decreased uptake, but with normal left ventricle ejection
fraction at echocardiography [25]. Positron emission tomography (PET) is the gold standard technique
to assess myocardial metabolism and perfusion due to its high spatial and temporal resolution and
high diagnostic sensibility and accuracy. In the cardio-oncologic field, PET is useful for the diagnosis
of metastatic lesions and assessment of the response to chemotherapy. However, its role in the early
detection of the myocardial dysfunction is actually debated [26]. Echocardiography maintains now the
principal role in the first non-invasive approach considering the cost/effective ratio.

2. Technical Considerations for Strain Analysis

The correct image acquisition for the longitudinal strain is normally performed from the apical 2C,
3C and 4C views; with the eventual global value computed by their average. For a correct acquisition
at rest condition, it is also important to adjust frame rate >40 fps or to modify up to 100 fps in case
of exercise. The measures need to be repeated at least 3–4 time for reliable results. The normal
value of systolic longitudinal strain ranges around −20% corresponding to the shortening of wall
length of at least 10 mm, in large part represented by the upward excursion of the mitral valvular
plane. As an example, some figures regarding the post processing analysis from two different software
packages (ESAOTE, Genova, Italy; and Philips, Andover, MA, USA) have been shown (Figures 1–4).
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Figure 1. Global Longitudinal Strain (GLS) of left ventricle (LV) (from a four-chamber view) in a breast 
cancer patient under chemotherapy and treated by exercise as prescription therapy at moderate 
intensity. The values have been calculated by the using the iE33Philips echocardiographydedicated 

Figure 1. Global Longitudinal Strain (GLS) of left ventricle (LV) (from a four-chamber view) in a breast
cancer patient under chemotherapy and treated by exercise as prescription therapy at moderate
intensity. The values have been calculated by the using the iE33Philips echocardiographydedicated
Strain (5X-1/Strain) software from the apex view. The figure shows the mean (dotted line) and the
segmental values of the profile of the longitudinal strain analysis. The strain values have been obtained
by the post processing analysis performed by X-Strain software (Q-station) included in the Philips
echocardiography. The EF (ejection fraction) value (55%) is at the lower level of the normal range and
in agreement with the data of longitudinal strain (−18.9%) data. With respect to the AVC (Aortic valve
closure) marker there is evidence of a PSP (Post Systolic Peck) value.
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Figure 2. GLS of LV in breast cancer patient. Two-chamber view. The image shows the strain values 
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validated range despite being at the lower limits. 
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processing analysis has been performed by Q-station, after 5X-1Strain software image acquisition and 
included in the iE33 Philips echocardiography. The quality of the image is lower than that obtained 
in the same patient. This is one of the limits of the application The GLS values are in agreement with 
the values obtained in the other image analysis. In addition, the image shows a delay of strain peak 
values obtained potentially in accordance with the PSP (Post Systolic Peak) found in  
the four-chamber view. 

Figure 2. GLS of LV in breast cancer patient. Two-chamber view. The image shows the strain values
obtained by the post processing analysis performed by Q-station, after 5X-1Strain software image
acquisition. The software is included in the iE33 Philips echocardiography. The acquisition has been
made from a two-chamber view. The global and segmental values are within the normal and validated
range despite being at the lower limits.
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Figure 3. GLS of LV in breast cancer patient from obtained from a three-chamber view. The post
processing analysis has been performed by Q-station, after 5X-1Strain software image acquisition and
included in the iE33 Philips echocardiography. The quality of the image is lower than that obtained in
the same patient. This is one of the limits of the application The GLS values are in agreement with the
values obtained in the other image analysis. In addition, the image shows a delay of strain peak values
obtained potentially in accordance with the PSP (Post Systolic Peak) found in the four-chamber view.
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Figure 4. LV Strain analysis by X-Strain (ESAOTE—My Lab Seven) in an athlete previously affected
by breast cancer and practicing Dragon Boat sport activity. The image reproduces the systolic strain
profile of the segmental and global strain values of a breast cancer patient who has regularly trained.
The values are all homogenously within the normal range as well in accordance to the EF.

In one case, it is particularly important to underline the potential limits due to the image
acquisition, to which one is often blinded by the chest conformations. The quality of the image
in Figure 3 is lower compared to the other image obtained in the same patient and with the same
software. This is one of the potential limits of the clinical applications of this method; however,
normally this can be overcome by multiple image acquisition for each patient.

The most used single values of strain are the peak value (minimum) or the value at end systole
(ES), which do not necessarily coincide, especially in pathologic conditions. End-systolic strain also
depends on the specific definition of the ES instant. In the evaluation of EF, the ES is normally
defined as the instant of minimum LV volume. This represents the natural definition of the ES for the
“mechanical” cardiac function; this also allows us to compute strain consistently with EF and to move
beyond it.

However, in the presence of some diseases, strain permits us to distinguish between different
phases of myocardial contractility, which reflect the active components of myocytes contractility
associated with stress/strain ratio more than chamber loading. Different components of myocardial
contraction may occur just before or immediately after the peak of the systolic phase. In those cases,
it can be important to consider the aortic valve closure time (AVC) as an ES time-marker for the
calculation of systolic strain components like Systolic Strain, Peak Systolic Strain, Post Peak Systolic
Strain. These aspects have to be considered for a correct clinical interpretation of the systolic function,
mainly in the case of the potential presence of post-systolic strain as a maker of LV dysfunction as is
often found in coronary artery disease.

Strain analysis was employed in the presence of diastolic function where it appeared to be
helpful to detect possible early diastolic dysfunction [27,28]. This aspect can have an important
implication in the assessment of the heart’s dysfunction and it will need some specific attention in
many clinical conditions.

All these situations are particularly important in the case of cancer patients who come back to
a normal life and are submitted to regular physical activity, generally prescribed because the positive



J. Funct. Morphol. Kinesiol. 2016, 1, 343–354 348

impact maintains the myocardial performance and increases V02Max. This last parameter is strongly
correlated with reduced mortality [29].

Looking in detail at GLS, the normal and validated values are within the range of −23% to −19%,
as reported in the literature [30]. GLS values were found to be an independent predictor of mortality,
especially if compared to the LV EF [31]. This aspect highlights the importance to use both Strain and
EF in clinical evaluation of patients where the early detection of LV dysfunction is important [32].
GLS has therefore been recently acquired in the Echo guidelines for the assessment of the systo-diastolic
dysfunction and where its complementary role in addition to EF has been well underlined [33].

In parallel to strain, Strain Rate (SR), that is the rate of deformation, has also been highlighted as
a useful echocardiographic parameter. SR contains intrinsic information on the contraction during
different phases of cardiac cycle. However, its measurement presents a lower accuracy and large
variability; therefore, results are not conclusive and for this reason it is less used in the literature [34,35].

3. Clinical Applications of Strain for the Early Clinical Detection of Myocardial Damage

Recent literature has explored the utility of deformation imaging for the diagnosis and prognosis
of patients receiving potentially cardio-toxic cancer therapy. To date, studies have involved relatively
small trials in the research setting. In contrast, strain measurement appears to be a sensitive indicator
of sub-clinical diseases where many metabolic chronic diseases or patho-physiological conditions
are included, and where the traditional echo parameters cannot permit us to clarify the eventual
clinical diagnosis.

In numerous conditions of “suspected cardiomyopathies”, the distinction between physiological
and pathological conditions is crucial to stratify the cardiovascular risk. These include diabetes,
systemic sclerosis, renal failure, myocardial ischemia, arterial hypertension, isolated mitral
regurgitation, aortic regurgitation and all those non-ischemic cardiomyopaties, where the correct
evaluation of the myocardial revascularization efficiency and the prediction of the patient’s outcome
with heart failure, are fundamental [6,36]. All these diseases are frequent in cancer patients, also as
a consequence of the fact that cancer commonly occurs at ages above 55 years old when many
comorbidities are often present in cancer as well as in the general population. Considering the strong
attention of echocardiography in the potential clinical application of strain especially in the “grey zone”
of the assessment of the physiological or pathological cardiomyopathies, cardio-oncology represents
an important field for the application of strain analysis.

It is also important to consider that the incidence of cardiotoxicity for chemotherapy treatment
is high. Almost 20%–30% of cancer patients can develop asymptomatic LV dysfunction and around
3%–5% show a symptomatic heart failure [37]. The high risk and the frequency of comorbidities can
create an effective obstacle for a long term and correct treatment of the cancer disease. The coexistence
of non-communicable chronic diseases (NCCD) are in fact the most important cause of complications in
cancer patients, with a significant augmentation of mortality. A deep and more extensive noninvasive
approach for an adequate follow up seems to be mandatory. A brief clinical summary of the
potential application of this method in survivors of breast cancer who were previously submitted to
a chemotherapy treatment, but actually completely free of the disease and are currently practicing
sport activity, shows as the deformation parameters and particularly GLS is very helpful in the sports
medicine follow-up [38].

All the strain values are within the normal range, despite being significantly lower if compared to
the control group (Table 1).



J. Funct. Morphol. Kinesiol. 2016, 1, 343–354 349

Table 1. Comparison of GLS value of female athletes: a group of survivors of breast cancer practicing
Dragon Boat sport vs. a group of healthy athletes from different kinds of sports [39].

Subjects Strain Glob Strain Lo Med Strain Bas Sept Strain Bas Lat Strain Apex Lat Strain Apex Set

DB: 35 −21.22 ± 5.3 −19.01 ± 5.05 −16.35 ± 5.3 −18.26 ± 7.9 −18.93 ± 5.8 −24.42 ± 5.3
Ctr: 20 −25.43 ± 2.1 −24.1 ± 2.1 −23.50 ± 4 −25.08 ± 4.1 −23.08 ± 0.5 −25.94 ± 4

p 0.02 0.008 0.002 0.03 0.02 NS

DB: Dragon Boat group; Ctr: control group; NS: Not Significant.

4. Strain in Cardio-Oncology

Many clinical trials support the role of myocardial strain in oncology, just a brief review of
the principal manuscripts (simply searching in MEDLINE keywords like “deformation parameters”,
“cancer”, “echocardiography”, “cardiac toxicity”, and their variations as key words) in the last decades
shows the growing interest that this field is developing. It emerges from the literature that deformation
imaging, strain and particularly the role of GLS is being incrementally used in this field. Recently,
GLS was proposed as an appropriate tool in cardio-oncology to follow patients in a post chemotherapy
treatment to detect the development of myocardial dysfunction early [40]. In fact, recent literature
suggests the use of both left ventricle EF and the evaluation of LV myocardial deformation by GLS,
in addition to troponin, for the early detection of the potential heart damage [39].

It is well known that cardiotoxicity occurs through various mechanisms, either directly or
indirectly, addressed to the myocytes function. Among the principal chemiotherapy drugs potentially
dangerous for the heart, antracicline, taxani and oxalipatin are the most commonly used. Two principal
mechanisms are recognized in the myocardial damage in the case of chemotherapy: firstly, a first
mechanism “dose dependence and irreversibility” well evidenced in cytostatic drugs and also in
antracicline; secondly, “no dose cumulative dependence” and potentially reversible dependence,
as in the case of receptors inhibitors. In the first case the pathogenesis is related to the oxidative
stress, which induces a free radical production; in the second, the damage is a consequence of specific
cell dysfunction due to a blockage of a specific metabolic cell paths. The damage can therefore be
either dose-dependent, as in case of anthracycline, or not, as in the case of ant HERB2 (trastuzumab)
regimen. Some other specific cytoxic chemiotherapic drugs, such as 5-Fluoruracyl, oxaliplatin, etc.,
can be associated with a myocardial ischemia [41]. This aspect highlights the importance to perform
a continuous non-invasive investigation, especially when there is a combination of the chemiotherapics
as in case of taxani and antraciclines where the association can enhance the damage.

A critical aspect is that cardiotoxicity can also occur after 20–25 years from the beginning of the
pharmacological chemotherapy treatment [39] and some strategies have been considered to reduce
cardiotoxicity, especially the anthracycline-induced cardiotoxicity. This aspect has been largely studied
in the pediatric population, both in human and in animal models [41,42]. The LV EF alone has been
recognized to be not significant enough for the early detection of most potential damage of the heart’s
function. In the case of cancer patients, it has low sensitivity for the detection of small changes in
LV function.

The EF, calculated by conventional 2D echocardiography, often fails to detect small changes in
LV contractility because of several factors. These include the different LV geometric assumptions,
inadequate visualization of the true LV apex, lack of consideration of subtle regional wall motion
abnormalities, and inherent variability of the measurement [43].

It is also important to bear in mind the load dependency of this measurement. Changes in
loading conditions are frequent during chemotherapy and they may affect the EF value, for example,
volume expansion due to the intravenous administration of chemotherapy or volume contraction
due to vomiting or diarrhea. Volumetric reduction can remain approximately normal for a long
time, especially if the patients are not yet symptomatic; however, the literature reports that, often,
deformation parameters are capable to detect the myocardial dysfunction with preserved EF early,
especially in case oncological patients [44,45]. In our clinical experience, athletes previously affected
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by cancer can also take great advantage in echocardiographic strain analysis, during the sport’s
activity follow-up [46].

The population of oncological athletes, in addition to the cancer patients, keeps growing,
although different clinical implications and diverse impact of the physical activity are practiced.
Despite these differences, GLS is currently considered the best and most direct parameter to manage
the amount and the intensity of the physical activity.

In this particular category of athletes, the amount of daily or weekly physical activity is very
important to guarantee the benefits in terms of cardiovascular performance, but also in terms of
anti-inflammatory process. For this reason an assessment of the role of GLS in different doses of
moderate aerobic exercise, compared to sports activity has been investigated in previous breast
cancer survivors [46].

In view of the importance of a complete lifestyle intervention in cancer patients, and also
considering that multiple professional approaches are needed, especially when physical activity
is allowed, the cardioncology approach seems to be an investigation that is not optional.
When cardiotoxicity is suspected, deformation parameters are very helpful and now considered
capable to detect the developing heart failure early [47]. A specific echo evaluation plays an important
role in this phase of the cancer disease.

Considering that cancer patients live longer, their risk of developing secondary cardiovascular
events increases.

Strain, and particularly GLS measurements, appeared therefore to be a sensitive indicators for
sub-clinical diseases, including diabetes [48], myocardial ischemia [49] arterial hypertension [50] and
non-ischemic cardiomyopathies. Multiple actual clinical applications can be proposed in the case of
coexistence of many NCCD like in the case of metabolic syndrome.

An interesting study has also been conducted in adolescents, for whom obesity is considered
a strong risk factor for premature atherosclerotic cardiovascular disease [51]. The rapid development
of novel cancer therapies will continue to generate questions of cardiac risk and cardiac
protection in cancer patients over time. Cancer survival has been greatly impacted upon by the
development of modern cancer treatments and cardio-oncology is a field in rapid evolution [52].
Recent echocardiographic noninvasive techniques are expected to provide large clinical implications in
acute and chronic cancer patients. In this context, deformation parameters, mainly GLS, are increasingly
being used, and the first clinical approach to patients is starting.

5. Conclusions

Cancer patients who are free of disease, or even in presence of a periodical recurrence of the
disease, are encouraged to restart with a normal lifestyle in which physical activity is allowed. In this
case, cardiologic follow-up is mandatory.

Echocardiography is a noninvasive, non-radiating imaging method to assess and follow
up patients with cancer. This is one of the principal advantages of this method. Particularly,
deformation parameters like Strain and Strain Rate are very largely used in the clinical approach
of the cancer patients during acute or chronic disease, with a high reproducibility of the results.
Considering the positive impact of the regular physical training in cancer survivors [3,46,53], a new
category of potential athletes, previously affected by cancer or with intermittent NCCD, is inevitably
emerging. The management of the balance between the physical activity and the sports activity can
be difficult in the absence of the real visualization of preserved cardiovascular function. The role of
the strain analysis in acute and chronic cancer patients needs to be highlighted to improve primary
and secondary prevention of cardiomyopathies. In our experience, and as the literature reports,
particularly GLS can be proposed to confirm or to exclude the presence of any potential myocardial
damage and therefore to allow or contraindicate physical activity or sports, despite a previous history
of cardiotoxicity. This aspect is principally important in the case of subjects who are completely
asymptomatic or with a history of a transient heart failure, and where the regular and continuous
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follow-up is fundamental. The present brief review on this new aspect of the non-Invasive cardiology
in the oncological world, cannot be considered a systematic review and some limits can be identified,
especially in the methological approach. It can be considered as a glance on the recent literature that
has been updated and opportunely selected for this aim and to answer to the principal query of the
manuscript. Despite non-specific statistical guidelines having been applied, the simple interrogations
of the principal research focus seen in the Internet have answered our questions.
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