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Opinion statement

As advancements are made in cancer treatment, there is an increasing recognition of the
cardiotoxic potential of chemotherapies and the need to monitor for the development of
cardiac dysfunction in survivors. Echocardiography is the cornerstone of cardiac imaging
and provides a feasible and non-invasive method to assess cardiac dysfunction in patients
with cancer. In recent years, there has been increasing research in echocardiographic
techniques to improve diagnosis of cardiotoxicity, including a more accurate assessment
of the left ventricular function and the detection of subclinical disease. These specialized
techniques include stress and contrast echocardiography, three-dimensional echocardi-
ography, diastolic dysfunction, tissue Doppler imaging, and strain parameters.

Introduction

Cancer and heart disease are the two major causes of
mortality and morbidity in the USA and worldwide.
Advances in therapy and technology have improved
survival in both, and in recent years, the increasing
number of cancer survivors has necessitated treatment
of cardiovascular disease in this subset of patients. Ac-
cordingly, the field of cardio-oncology is rapidly devel-
oping in order to assess and treat these two important
diseases together. The spectrum of cardiovascular dis-
ease in oncologic patients is wide, ranging from devel-
opment of cardiomyopathy, valve disease, ischemia,

and pericardial disease. Particularly, the use of
anthracyclines, trastuzumab, and radiotherapy treat-
ment pose increased risk for developing cardiovascular
sequelae.

At the forefront of treatment is the use of cardiac
imaging for the detection, prevention, and guidance of
treatment in cardiovascular disease. Echocardiography is
the mainstay of these imaging modalities and in cancer
patients has proven to be the most feasible and readily
available. Echocardiography is used in every phase of
treatment of cancer patients—prior to, during, and
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following cancer-related therapies—and remains the
ideal imaging modality because it is widely available,
non-invasive, and lacks radiation exposure [1••]. The
usefulness of echocardiography is in its ability to com-
prehensively assess myocardial structure and function
with no risk to the patient. Echocardiographic tech-
niques such as three-dimensional echocardiogram
(3dE) and contrast echocardiogram have improved the

ability to accurately measure left ventricular (LV) func-
tion. Stress echocardiography, diastolic dysfunction pa-
rameters, tissue Doppler imaging (TDI), and strain are
able to detect subtle changes in myocardial dysfunction
and may aid in early detection of cardiotoxicity. Emerg-
ing methods such as 3d strain have promise in increas-
ing sensitivity for detection of chemotherapy induced
cardiotoxicity.

Cardiotoxicity related to cancer therapy

The most widely recognized causes of cardiotoxicity are anthracycline-based
and trastuzumab chemotherapies used commonly in treatment of breast can-
cer. With anthracyclines, the decline in LV function is a dose-related phenom-
enon and is characterized by irreversible myocardial damage. Trastuzumab-
related cardiac dysfunction however is not dose related and has a high likeli-
hood of recovery. The use of both therapies is associated with the highest risk of
development of cardiotoxicity with up to 42 % incidence of cardiomyopathy or
heart failure (HF) [2]. The definition of cardiac dysfunction related to cancer
therapeutics has varied in the past [1••, 3–6] and several of the most widely
used criteria are listed in Table 1.

Multiple modalities have been shown to be useful in assessment of left
ventricular function in patients with cancer. Figure 1 shows examples of various

Table 1. Published criteria for left ventricular cardiac dysfunction related to cancer therapeutics

CREC [9] • Global decrease in LVEF or more severe in the septum

• Symptoms of HF

• Signs of HF (S3 gallop, tachycardia, or both)

• Decline in LVEF of at least 5 % to less than 55 % with signs or symptoms of HF

• Decline in LVEF of at least 10 % to less than 55 % without signs or symptoms of HF
HERA [10] • Decline in baseline LVEF ≥10 % and to less than 50 %

• Symptomatic CHF: LVEF decline, with symptoms defined by cardiologist and/or NYHA III–IV functional
class

• Confirmed asymptomatic: no change in decline in LVEF at 3 weeks with NYHA I–II functional class
BCIRG [12] • Decline in baseline LVEF 10 %
ASE/EACI
[1••]

• Decrease in LVEF 10 % to a value of 53 %

• If decreased at baseline, repeat in 2–3 weeks

• Reversible: within 5 % of baseline

• Partially reversible: improved by ≥10 % from nadir but remaining 5 % below baseline

• Irreversible: improved by 10 % from the nadir and remaining 5 % below baseline

• Indeterminate: patient not available for re-evaluation

CREC Cardiac Review and Evaluation Committee, ASE American Society of Echocardiography, EACI European Association of Cardiovascular
Imaging, HERA HERceptin Adjuvant study, LVEF left ventricular ejection fraction, HF heart failure, NYHA New York Heart Association
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echocardiographic methods in evaluation of the left ventricle. Table 2 summa-
rizes the advantages, limitations, and clinical implications of the echocardio-
graphic modalities that will be further discussed in this paper.

Two-dimensional echocardiography

Assessment of LV function by two-dimensional echocardiography (2dE) is the
most widely used parameter in detection of cardiac dysfunction in patients with
cancer. The American Society of Echocardiography (ASE) recommends the use
of the modified biplane Simpson’s technique when assessing LV volume and
function [7••, 8]. Parameters such as M-mode and linear measurements take
into consideration only two walls of the myocardium (anteroseptal and

Fig. 1. Acquisition of the left ventricular function across echocardiographic modalities. a Modified biplane Simpson’s technique; b
3D echocardiography; c speckle tracking strain; and d Doppler strain. Acknowledgement: University of South Florida non-invasive
lab.
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Table 2. Advantages, limitations, and clinical implications of echocardiographic techniques in cardiotoxicity

Modality LV measurements Advantages Limitations Clinical implications
Two
dimen-
sional

Linear 2d
M-mode
Fractional Shortening
Modified biplane
Simpson’s

-Widely
available

-M-mode with
high temporal
resolution
-Biplane
accounts for LV
volume
-Comprehensive
evaluation of
cardiac
structures

-Unable to distinguish
passive versus active
motion

-Difficult interpretation with
poor windows
-Affected by LV loading
conditions
-Linear 2d makes geometric
assumptions

-Low EF in general
population: associated
with development of HF
symptoms and predicts
mortality

-Low EF before or after
anthracycline: associated with
higher cardiac events on
follow-up
-Normal EF does not rule out
subclinical disease as decrease
may be a late finding in
cardiotoxicity

Three
dimen-
sional

Multiple plane (3d) -Increased
reproducibili-
ty compared
to 2d
measure-
ments

-No geometrical
assumptions
-Easy acquisition
-Increased
inter-observer
and decreased
temporal
variability
-LV volume
obtained as well
as EF

-Not widely available
-Requires specialized
software
-Measurement dependent on
quality of 2d images

-Ideal for serial comparisons
over therapy duration

Stress Linear 2d
Contractile reserve

-Widely
available

-Exercise
protocols assess
functional ability

-Stress protocol must be in
place with nursing
capability

-Difficult interpretation with
poor windows

-Decreased contractile
reserve may predict
subsequent low LVEF

-Improved LV function with
stress may predict recovery of
LVEF

Contrast Linear 2d
Fractional shortening
Modified biplane
Simpson’s

-Visualization
of
endocardial/-
LV cavity
border

-Improves 2dE
image
interpretation

-Administration protocol
required

-Availability is center-specific
-Training for image
acquisition and optimization
-Blooming and attenuation
limit visualization of mitral
valve and may lead to
inadequate LV contouring

-Improves assessment of
LVEF in difficult images

-Improves the assessment of
wall motion when two
contiguous LV segments are
not seen on apical views
-Can delineates artifacts,
structures in the apex, and LV
cavity

Tissue
Doppler
imaging

Peak myocardial
velocity (Sm)

Peak systolic mitral
annular velocity (Sa)

-Widely
available

-Unable to distinguish
passive versus active
motion

-Angle dependence

-May be an marker of early LV
dysfunction
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inferolateral) and can be misleading [1••, 7••, 8]. Normal left ventricular
ejection fraction (LVEF) is defined as ≥55 %, established by the ASE; however,
multiple databases suggest the normal LVEF is approximately 63 % and better
reflected by a range of 53–73 % [9–13].

The ASE released an update to the recommendations on chamber quantifi-
cation in adults in 2015 [7••]. Notably, there was a move from compartmen-
talizing severity of disease frommild,moderate, and severe and recognition that
these values are different based on body mass, gender, and age. Left atrial
biplane volumes were recommended over two-dimensional measurements.
New measurement techniques were also discussed, including focus on right
ventricular measurements, strain, and 3dE. These emerging techniques have
been studied in the cardio-oncology field and, with the new ASE updates,
provide standardization in acquisition and reporting.

Right ventricular (RV) abnormalities can occur in the setting of primary or
metastatic disease, pre-existing structural (valve or ventricular) dysfunction, or
secondary to chemotherapy. It is difficult to quantify the frequency of RV
disorders due to lack of focus in prior studies. The thin structure of the RV free
wall maymake it susceptible to damage by cardiotoxic therapy [14]. Evaluation
of the RV per ASE recommendations should include RV basal andmid chamber
diameter [8], longitudinal M-mode-derived tricuspid annular plane systolic
excursion and pulsed Doppler tissue imaging-derived systolic peak velocity of
the tricuspid annulus [1••, 8]. There is no sufficient evidence to warrant routine

Table 2. (Continued)

Modality LV measurements Advantages Limitations Clinical implications
Peak early diastolic
myocardial velocity (Em)
Peak early mitral annular
diastolic velocity (Ea)
Isovolumetric
contraction time (IVCT)
Isovolumetric relaxation
time (ISRT)

-Assesses LV
diastolic
performance

-Sensitive to signal noise
-Affected by LV loading
conditions
-Decreased reproducibility

Strain and
strain
rate

Doppler and speckle
tracking

Longitudinal strain
Circumferential strain
Radial strain

-Strain rate is
less LV load
dependent

-Speckle tracking
strain is angle
independent
-Emerging
techniques
include RV and
3d strain

-Not readily available
-Requires specialized
software
-Normal values vary by vendor
-Measurement dependent on
quality of 2d images
-Doppler strain subject to
limitation as listed under
tissue Doppler imaging
-Longitudinal strain is LV load
dependent
-Decreased reproducibility in
untrained centers
-Increase inter and intra
observer variability

-Decreased GLS is a marker of
early subclinical LV
dysfunction

-Provides prognostic
information on subsequent
development of cardiotoxicity
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RV 3dE or strain assessment. When sufficient tricuspid regurgitant jet is present,
the RV systolic pressure estimate should be reported.

Calleja et al. recently conducted a study of 30 women with HER2+ breast
cancer who developed LV cardiotoxicity after treatment with trastuzumab to
determine the incidence of concomitant RV dysfunction. The echocardio-
graphic measurements included were RV fractional area change (RVFAC) and
global longitudinal strain (GLS). The results showed that RV function was
decreased in women with LV cardiotoxicity by abnormal RVFAC and strain. The
proportion of women with abnormal strain (40 %) was higher than RVFAC
(10 %) demonstrating the increased sensitivity of strain to identify subtle
dysfunction. Recovery of LV function was also lower in patients with associated
RV dysfunction. This study further expands on the knowledge that exists re-
garding the importance of RV cardiotoxicity.

Pericardial disease is common in oncologic patients and can occur in the
setting of chemotherapy, radiation, or due to primary ormetastatic disease. 2dE
is the most common modality in initial evaluation of pericardial disease or
accompanying effusion. Assessment of pericardial effusion size, presence of
tamponade, and constriction should be performed based on ASE guidelines
including M-mode and 2d techniques measurements [15].The presence of
constriction in oncologic patients can occur after high-dose chemotherapy or as
a result of radiotherapy. The use of cardiac magnetic resonance (CMR) imaging
and computed tomography (CT) can aid in confirming diagnosis of pericardi-
tis. In the age of modern radiotherapy (RT), the incidence of pericardial disease
has decreased significantly.

Cardiac tumors are rare and if present, are often benign. 2dE is the primary
diagnostic modality for assessment of cardiac masses. Tumors, metastatic le-
sions, thrombus, and other cardiac masses can be appropriately evaluated by
transthoracic echo (TTE) and if warranted, transesophageal echocardiogram
(TEE). Location of a cardiac mass can often narrow the diagnosis and contrast
echocardiography can also aid in further tissue characterization [16]. CMR and
CT can also aid in diagnosis of cardiac tumors.

Valvular heart disease (VHD) present in oncologic patients may be from a
primary or metastatic tumor, pre-existing valvulopathy, secondary to RT, or
result of infection in the setting of immunocompromised state [17–19]. In
evaluation of valves, TTEmay be sufficient, but increased resolution of TEEmay
be beneficial, especially in diagnosis of endocarditis. RT given formediastinal or
breast disease may result in incidental cardiac exposure and increase risk of
ischemic and VHD [20]. Recent data showed that in survivors of Hodgkin’s
lymphoma (HL) receiving mediastinal irradiation, 32 % developed asymp-
tomatic valve defects at 6 years and up to 42 % at 20 years with increasing risk
above radiation doses of 30 Gy [21, 22]. Recognition of these risks and decrease
in use of sole radiotherapy have led to reduction in doses of RT in the treatment
for HL [23].

In 2015, a retrospective review [24] of 1852 5-year survivors of HL was
conducted to further establish the relationship between radiation dose to the
heart and risk of clinically significant VHD defined by presence of at least
moderate severity lesion. There was little increase in clinical VHD in those
receiving less than 30 Gy. However, for doses above 30 Gy, the percentage of
clinical VHD increased progressively with increasing dose. When compared to
controls, for doses to the affected valves of less than or equal to 30, 31–35, 36–
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40, and more than 40 Gy, VHD rates increased by factors of 1.4, 3.1, 5.4, and
11.8, respectively. This study supports findings of prior studies and establishes a
dose-response relationship for development of clinical VHD.

Three-dimensional echocardiography and contrast
echocardiography

Although 2dE-derived LVEF is a strong predictor of cardiovascular outcomes, it
may miss incremental changes in LV function. The 2dE techniques for quanti-
fication of LV are limited by image quality, loading conditions, geometric
assumptions, and presence of regional wall motion abnormalities [1••, 25, 26]
as noted in Table 2. Given these limitations, 3dE has emerged as a more
accurate measurement of LV volume and function [27, 28]. Particularly in
patients receiving anthracyclines and trastuzumab, 3dE appears to be more
reproducible when compared to 2dE methods for serial examination [29].
Limitations to use of 3dE include decreased availability as specialized software
is required.

Contrast echocardiography is useful in those patients with difficult windows
to enhance the endocardial border and provide accurate assessment of LV
function and wall motion abnormalities. The use of contrast agent is indicated
when two contiguous LV segments are not visualized on non-contrast images.
There is limited literature on the use of contrast echocardiography in monitor-
ing and diagnosis of cardiotoxicity, with one study favoring the use of 3dE-
derived LVEF over 2dE with and without contrast due to lower temporal
variability [29]. In one small study, 3dE and contrast echocardiography were
found to have similar accuracy for LVEF compared with CMR [30]. In addition
to delineation of endocardial borders, contrast can be used to delineate struc-
tures in the LV cavity including masses and thrombi. This can be especially
useful at the apex, an area of the myocardium prone to significant artifact on
noncontract images.

The St. Jude Lifetime Cohort Study [31•] evaluated 3dE, Global longitudinal
strain, and diastolic dysfunction in 1820 adult survivors of childhood cancer
exposed to anthracycline therapy to identify prevalence of cardiac dysfunction.
Published recently, this is the largest study to date evaluating advanced echo-
cardiographic techniques. Only 5.8 % had abnormal 3d LVEF (G50 %), with
32 % having normal 3dE LVEF with evidence of abnormal GLS and diastolic
dysfunction. The findings suggest that diastolic dysfunction and decreased
strain aremore sensitivemarkers of cardiac dysfunction than 3dE and the subset
with abnormal diastology or GLS are higher risk and hence should be moni-
tored more closely for development of LV dysfunction long term.

Evaluation of subclinical disease

Decrease in LVEF during cancer treatment may be a late finding of
cardiotoxicity, and prior studies suggest that a more sensitive marker may be
helpful in prevention of subsequent heart failure [32].

Stress echocardiography is routinely used to evaluate patients for coronary
artery disease by assessment of wall motion abnormalities and augmentation of
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LV function at peak stress. In the oncologic population, stress echocardiography
can be used to evaluate subclinical LV dysfunction [33–42] and evaluate con-
tractile reserve in those patients with decreased LV function [43–49].

Tissue Doppler imaging (TDI) uses Doppler to measure the excursion and
velocity of the myocardium and allow for assessment of cardiac function.
Commonly measured TDI indices include peak myocardial velocity (Sm), peak
systolic mitral annular velocity (Sa), peak early diastolic myocardial velocity
(Em), peak early mitral annular diastolic velocity (Ea), and isovolumetric
contraction time (IVCT) and isovolumetric relaxation time (ISRT). TDI in
several studies has been shown to detect subclinical LV dysfunction prior to
decrease of LVEF [50, 51] in patients undergoing anthracycline or trastuzumab
therapy. Changes in peak early diastolic velocity were detected within 1–
3 months whereas changes in LVEFwere not detected until 3 years after therapy
was completed. Fallah-Rad et al. followed a higher risk group of patients who
received anthracyclines and trastuzumab, and decrease in peak systolic annular
velocity was noted 3 months after chemotherapy. All patients with decreased
TDI developed heart failure at later stages, with changes in LVEF not detected
until 6 months [51]. TDI has several limitations, the most significant being the
angle-dependent nature of Doppler parameters as only vectors parallel to the
ultrasound beam are measured. Any slight change in angle can lead to varying
results. TDI cannot distinguish passive (tethering) from active motion. These
shortcomings lead to decreased reproducibility. The Tei index is a Doppler-
derived parameter that assesses the global index of cardiac function [52]. It is the
sum of the isovolumetric contraction and relaxation time divided by ejection
time [52]. Several studies [53, 54] support the early subclinical detection of LV
cardiac dysfunction with the Tei index, although it is unsure the long-term
clinical outcomes related to its use.

Diastolic dysfunction is an important aspect of development of heart failure
and has been evaluated in the patients receiving cancer-related therapies for
early detection of cardiotoxicity. Several studies [50] have shown abnormal
diastolic parameters precede a drop in LVEF; however, it is unclear how these
findings translate to long-term development of heart failure.

In a small study of 85 women with breast cancer receiving anthracyclines,
trastuzumab, or both, echocardiographic parameters including LVEF, Doppler
measurements, and TDI parameters were measured before induction of che-
motherapy and for a follow-up of 2 years after to assess changes in cardiac
function. The study also evaluated changes after initiation of HF medications
including ace inhibitor (ACEi), angiotensin receptor blockers (ARB), and beta-
blockers. There was significant reduction of TDI as early as 6 months after the
initiation of chemotherapy and at 2 years. LVEF measured by a modified
biplane Simpson’s technique was significantly reduced at 2 years. TDI was
found to be a more sensitive in the early diagnosis of LV dysfunction. Those
treated with ACEi, ARBs, and beta-blockers showed less changes in TDI markers
(Sm and IVCT) on follow-up, confirming the cardioprotective role of HF
therapy initiation.

The limitations of 2dE, including dependence on loading conditions and
tethering of myocardial segments can hinder recognition of subtle regional
variations. Markers of deformation (strain, strain rate) have been studied and
proven to be a reliable way to detect cardiac dysfunction before LVEF is
decreased. Strain is defined as the distance a material deforms relative to its
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length at baseline. Strain can be measured by TDI and also by speckle tracking.
2d speckle tracking echocardiography (2d-STE) identifies small echo dense
structures, or speckles, and tracks these throughout the cardiac cycle. Strain is
measured as longitudinal, radial, and circumferential and is reported routinely
as global longitudinal strain. Decrease in strain in patients undergoing
anthracycline therapy with and without trastuzumab therapy has been previ-
ously described [50, 55, 56•, 57, 58]. These changes have been found to occur
earlier than detected with LVEF [57] and predictive of development of
cardiotoxicity at 6 to 12 months of therapy [56•]. Long-term outcomes have yet
to be published so the significance of strain abnormalities over time is un-
known.

Although strain echocardiography is promising in detection subclinical LV
dysfunction, it has important limitations. Foremost, strain is derived from 2dE
images, and its accuracy depends on baseline image quality. Reproducibility is
likewise dependent on the experience of the sonographer and although longi-
tudinal strain is noted to be the most reproducible, circumferential and radial
strain measurements have high intra and inter-observer variability [59]. The
varying ranges of normal values across vendors have also limited the general-
izability of studies. The JUSTICE study summarizes GLS values by age, gender
for each vendor [60]. As with all LV parameters, strainmeasurements, especially
TDI strain, are affected by loading conditions.

In a recent study, Ryerson et al. combined the use of TDI, strain, and stress
echocardiography in 80 asymptomatic childhood survivors that were at least
5 years post treatment. A small high-risk group had significant presence of
diastolic dysfunction by TDI at rest in the setting of normal LVEF. However, this
difference resolved with stress suggesting that these patients were able to com-
pensate for mild cardiac dysfunction seen in diastole [33]. The authors suggest
that in young cancer survivors, mild cardiac dysfunction is well compensated
for during exercise, but long-term follow-up is required to determine subse-
quent development of clinical disease.

One hundred twenty patients with normal LVEF and cancer undergoing
chemotherapy were reviewed for LV GLS and all-cause mortality. Abnormal LV
GLS was noted in 43 %, and over the course of 21–35 months, 48 % of the
cohort passed away with performance status, male sex, and LVGLS significantly
associated with all-cause mortality. In the study, there was only one death
definitely due to cardiotoxicity, and the authors imply that strain detects
changes in cardiac function caused by severe illness in addition to frank
cardiotoxicity. Several proposed mechanisms included increase in inflamma-
tory cytokines and autonomic dysfunction associated with advanced cancer as a
cause for abnormal LV GLS [61].

Emerging echocardiography techniques

Three-dimensional speckle tracking echocardiography (3d-STE) is a novel
technique in assessing full-volume deformation of the LV cavity. This technique
avoids the pitfalls of 2dE and allows the operator to acquire images efficiently,
eliminating the time consuming acquisition associated with 2d-STE. Xu et al.
compared the ability of 3d-STE and 2d-STE and found that GLS evaluation was
similar to 2d-STE 984.9 % of the time and acquisition of 3d-STE was five times
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faster than 2d-STE or by modified biplane method [62]. Using 3d-STE, Yu
evaluated the use of 3d-STE in 53 cancer survivors treated with anthracycline
therapy. Compared to controls, survivors had significantly reduced LV global
strain [63]. Another study by Mornos demonstrated decrease in 3d-STE prior to
decline in 2dE LVEF in patients undergoing anthracycline therapy. Larger stud-
ies are needed to validate these findings, but the few studies performed high-
light the potential of 3d-STE.

Conclusion

Detection of cardiac dysfunction in patients with cancer is important due to the
cardiotoxic potential of chemotherapies and increase in number of survivors
requiring long-term care. Early identification of cardiotoxicity has important
clinical implications in reducing overall cardiovascular morbidity. Echocardi-
ography remains the most widely used imaging technique in diagnosis of
cardiotoxicity. It offers a spectrum of parameters to assess cardiac structure and
function; however, further studies are needed to define long term benefits of
novel echocardiographic techniques.
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