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Abstract Cardiotoxicity from chemotherapy is a leading
cause of morbidity and mortality in cancer survivors.
Cardiotoxic effects include left ventricular systolic dysfunc-
tion, coronary artery disease, hypertension, bradycardia, ar-
rhythmias, pericardial disease, valvular disease, and
radiation-induced restrictive cardiomyopathy. Noninvasive
cardiac imaging has been at the forefront of detecting
cardiotoxicity in patients receiving chemotherapeutic agents
known to adversely affect cardiac structure and function.
Regimens for cardiotoxicity surveillance prior to and during
chemotherapy administration have been proposed; however,
optimal screening for and treatment of long-term cancer sur-
vivors have yet to be clarified. This review focuses on the
most common imaging modalities for assessing cardiac dys-
function along with newer imaging technologies, and reviews
suggested long-term surveillance strategies in cancer survi-
vors following chemotherapy and radiation therapy.
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Introduction

Cardiotoxicity from chemotherapy is a leading cause of mor-
bidity and mortality in cancer survivors [1]. Certain chemo-
therapeutic agents such as anthracyclines (used to treat solid
and hematologic malignancies), taxanes, alkylating agents,
tyrosine kinase inhibitors, the monoclonal antibody
trastuzumab (used to treat and thoracic radiation therapy are
associated with the development of a wide range of cardiovas-
cular disease manifestations [2, 3]. Cardiotoxic effects include
left ventricular systolic dysfunction, coronary artery disease,
hypertension, bradycardia, arrhythmias, pericardial disease,
valvular disease, and radiation-induced restrictive cardiomy-
opathy [2]. Chemotherapeutic cardiotoxicity is generally char-
acterized by two types: type I toxicity which is caused by
myocyte death resulting in irreversibility and type II toxicity
which is caused by myocyte dysfunction thus potentially re-
versible [4, 5]. These classifications are by no means concrete,
as timely institution of therapy has been shown to lead to
resolution of the cardiomyopathy observed with type 1 toxic-
ity. There also appears to be preliminary evidence that certain
cancers may directly negatively impact cardiac function prior
to the initiation of cardiotoxic agents [6].

While there is no universally accepted definition of
cardiotoxicity, according to the 2014 Expert Consensus
Statement for Multimodality Imaging Evaluation of Adult
Patients during and after cancer therapy from the American
Society of Echocardiography (ASE) and the European
Association of Cardiovascular Imaging (EACVI), cancer
therapeutics-related cardiac dysfunction (CTRCD) is defined
as a decrease in the left ventricular ejection fraction (LVEF) of
>10 % to a value <53 % as measured by 2D echocardiography
[7¢¢]. The development of CTRCD often occurs within the
first year of therapy [8], but can present as a late complication
of cancer therapy and is an important predictor of long-term
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outcomes [9, 10]. In patients who develop heart failure from
therapy, mortality rate as high as 60 % [11] and may result in
termination or modification of life-saving cancer therapy.

Noninvasive cardiac imaging has been at the forefront of
detecting cardiotoxicity in patients receiving chemotherapeu-
tic agents known to affect cardiac structure and function, par-
ticularly anthracycline and trastuzumab which are the most
commonly cited agents known to cause CTRCD. Most re-
search has focused on identifying patients at risk for cardio-
myopathy and early initiation of treatment prior to the devel-
opment of clinical symptoms. Importantly, because
cardiotoxicity is a well-known late manifestation of certain
chemotherapeutic agents (anthracyclines, platinum-based che-
motherapy, and/or radiation therapy) serial monitoring of
high-risk patients long after therapy has been discontinued is
required. Currently, there is a lack of consensus regarding
long-term follow-up testing for adult patients exposed to
cardiotoxic chemotherapeutic agents and/or radiation therapy.

This review focuses on the most common cardiac imaging
modalities used to assess cardiac dysfunction and reviews
possible approaches for long-term surveillance strategies in
cancer survivors following chemotherapy and radiation
therapy.

Imaging Modalities
Nuclear Imaging

Planar equilibrium radionuclide angiocardiography (ERNA),
also known as multiple-gated acquisition (MUGA), is an
established method to quantify LVEF and was widely used
prior to the availability of echocardiography. A patient’s red
blood cells are labeled with a technetium-99m blood pool
radionuclide agent in vitro and are re-injected followed by
image acquisition using ECG-gating. Several studies investi-
gated the role of ERNA in monitoring for cardiotoxicity dur-
ing and after chemotherapeutic administration [12—14]. Based
on this data, roughly 15-20 % of patients have been shown to
be at risk for developing cardiotoxicity [14, 15] following
chemotherapy.

Guidelines for serial LVEF monitoring using radionuclide
imaging suggest that the development of cardiotoxicity, de-
fined by a LVEF decrease by >10 % EF from baseline and
reaches a final LVEF <50 % (or to a final LVEF <30 % in
patients with baseline resting LVEF <50 %), should guide
doxorubicin therapy duration (Table 1) [14]. A proposed al-
gorithm (Fig. 1) for trastuzumab monitoring similarly recom-
mends serial monitoring of cardiac function with cessation if
LVEF decreases by >10 %, if final LVEF <40 % or if symp-
toms of congestive heart failure (CHF) develop [16].

Adherence to treatment guidelines with serial ERNA mon-
itoring of LVEF is effective to prevent or limit CHF by early
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Table 1  Guidelines for serial monitoring of LVEF by ERNA

Normal LVEF > 50 % at baseline
Baseline ERNA prior to starting therapy
Next ERNA at 250-300 mg/m?

Next ERNA at 450 mg/m? (400 mg/m? if high risk:
cyclophosphamide, heart disease, Mediastinal radiation, abnormal
ECG)

Next ERNA prior to each dose >450 mg/m?

Discontinue therapy if LVEF decreases >10 % (EF units) from baseline
and reaches LVEF <50 %

Abnormal LVEF <50 % at baseline
Baseline ERNA prior to starting therapy
Serial ERNA prior to each subsequent dose

Discontinue therapy if LVEF decreases >10 % (EF units) from baseline
or reaches LVEF <30 %

Adapted from Schwartz et al. [14], with permission from Elsevier

detection and therapy [15], with 87 % of patients treated med-
ically for CHF showing some improvement in the degree of
left ventricular systolic dysfunction [14]. The majority of pa-
tients in whom screening led to early discontinuation of ther-
apy were asymptomatic, emphasizing the importance of rou-
tine monitoring to diagnose subclinical cardiotoxicity.

A major advantage of ERNA is that it is based on radioiso-
tope tracer counts and thus does not rely on LV geometric
assumptions or LV endocardial detection as is used in echo-
cardiography. Limitations however, include radiation expo-
sure, difficulty with optimal image acquisition angles, lack
of ability to report on pericardial and valvular disease, and
ECG gating difficulties in patients with baseline arrhythmias
when compared to the gold standard of endomyocardial biop-
sy [17]. Although ERNA-derived exercise LVEF improves
overall sensitivity for detecting patients at moderate or high
risk of developing congestive heart failure, it is not frequently
performed in clinical practice.

While ERNA remains an effective approach for monitoring
LV systolic dysfunction with chemotherapeutic regimens, re-
peated exposure to ionizing radiation, above-mentioned limi-
tations, and higher costs compared to echocardiography are
reasons for the tendency towards using echocardiography for
routine screening of cancer patients.

Echocardiography

Echocardiography is the most common cardiac imaging mo-
dality for serial monitoring of cardiac function owing to its
accessibility, versatility, and lack of radiation exposure.
Echocardiography has the additional benefits of assessing
both left and ventricular systolic and diastolic function, ven-
tricular wall mechanics, pericardial and valvular disease [7ee,
18]. Echocardiography is now commonly used prior to, dur-
ing, and for short and long term surveillance following
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Fig. 1 A proposed algorithm for monitoring trastuzumab cardiotoxicity. Adapted from Curigliano et al. [16], with permission from Oxford University Press

cardiotoxic chemotherapy administration depending on the
agent used. Algorithms for surveillance during chemotherapy
have been suggested and Fig. 2 shows an example of echo-
cardiographic monitoring for type 1 cardiotoxicity [7¢¢].

Initiation of regimen potentially associated with Type | toxicity |

v

Baseline evaluation of LVEF
3DE (preferred) / 2DE (consider contrast)
GLS, Troponin |

LVEF < 53%" LVEF > 53%
GLS < LLN** GLS > LLN**
+ Troponins - Troponins

Y Y

, Cardiology consultation I

F/U at completion of therapy,
and 6 months later***

* Consider confirmation with CMR
** LLN = Lower imit of normal. Piease refer to Table 5 for normal
GLS values based on vendor, gender and age
*** if the dose s higher than 240 mg/m? (or its equivalent), recommend measurement of LVEF,
GLS and troponin prior 1o each additional 50 mg/m?.

Fig. 2 A proposed algorithm for surveillance in patients with
chemotherapy regimens known to cause type 1 cardiotoxicity. Baseline
evaluation with echocardiographic imaging is recommended. If there is
any abnormality, cardiology should be consulted. If there is no
abnormality, follow-up at the completion of therapy and at 6 months
should be obtained. Reprinted from Plana et al. [7], with permission from
Elsevier

The drawback of 2D echocardiography stems from inher-
ent limitations in how ejection fraction is calculated.
Echocardiographic LV volumes are best estimated using the
modified Simpson’s (or disk summation) method. In the mod-
ified Simpson’s method, orthogonal apical four- and two-
chamber views are obtained (Fig. 3). The endocardial borders
are traced either automatically or manually and the LV is di-
vided into disks of equal heights. The volume of each cylinder
is calculated from the four- and two-chamber image derived
diameters and then the volumes are summed to give the total
systolic and diastolic LV volume. This method is highly de-
pendent on reliable visualization of the endocardial borders
and absence of foreshortening. In addition, this method ex-
trapolates a volume from two 2D slices by assuming that the
LV is symmetric which is frequently not the case.

Contrast Echocardiography

Ultrasound-based contrast agents improve LV endocardial
border visualization thus improving LVEF volumetric assess-
ments (Video 1). Contrast-enhanced 2D echocardiography is
superior to 2D non-contrast echocardiography regarding
agreements of LV volume and LVEF measurements [19]. In
addition, the LV volumes measured with contrast-enhanced
2D echocardiography are larger and closer to the correspond-
ing CMR measurements than those obtained with non-
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Fig. 3 2D echocardiography demonstrating the modified Simpson's
method, in the orthogonal apical two-chamber view. The left ventricular
endocardial border is traced in end-systole (a) and end-diastole (b) to

contrast echocardiography. This is probably because tissue
harmonic imaging does not track the true endocardial surface
as well as contrast echocardiography, resulting in tracking
noise in the LV cavity that is perceived as the endocardial
border. Addition of contrast echo produced a change in
LVEF>10 % in 17 % of patients with the vast majority of
these were due to underestimations of LVEF on the
unenhanced echocardiogram [20]. Additional benefits of con-
trast echocardiography include thrombus detection and more
accurate Doppler measurements. Contrast-enhanced 2D echo-
cardiography is particularly useful in patients with poor acous-
tic windows which are estimated to comprise a large portion of
the approximately 20 % suboptimal rate of echocardiography
in the USA. Current American Society of Echocardiography
(ASE) societal recommendations include the use of contrast
agents when suboptimal studies are encountered, as defined
by inability to visualize two contiguous LV segments in any
apical view [7¢e].

3D Echocardiography (3DE)

3DE (Fig. 4) adds reliability of volumetric assessment by
acquiring pyramidal-shaped volumes which avoid the
volumetric assumptions and foreshortening that are inherent
to conventional 2D echocardiography [21]. Reliability and
reproducibility of LVEF and LV volume assessment is
increased with 3D imaging [22, 23]. 3DE is a sensitive
modality for monitoring long term survivors of anthracycline
and radiation exposure [24]. Operator dependence and
adequate endocardial detection are major limitations of 3DE.
Nevertheless, assessment of LVEF with 3DE is comparable to
cardiac magnetic resonance imaging (CMR) and, based on the
2014 joint statement by the ASE and the European
Association of Cardiovascular Imaging, is the preferred
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create disks forming a cylinder. Volumetric change during cardiac cycle
allows calculation of left ventricular ejection fraction

technique for monitoring LV function in patients with cancer
[72].

Myocardial Strain Imaging

There has been a growing interest in using myocardial strain
imaging to detect subclinical deteriorations in LV systolic
function prior to overt changes in LVEF. Detecting subtle
myocardial dysfunction has important clinical implications
due to a high rate of failure—up to 58 %—for complete re-
covery of LVEF if a significant delay occurs from the time of
diagnosis of LV dysfunction to initiation of pharmacologic
therapy [25-27].

Myocardial strain, a physical deformation property of the
myocardium, can be assessed using speckle-tracking echocar-
diography (STE) which tracks natural acoustic reflectors with-
in the myocardium, also known as “speckles”, from frame to
frame to determine deformation (strain) and the speed of de-
formation (strain rate) (Fig. 5). STE has the ability to detect
chemotherapy-induced cardiotoxicity through early detection
in subtle decreases in ventricular function. Of particular im-
portance, speckle tracking shows cardiotoxic effect of cancer
therapy at doses much lower than were previously thought.

Three strain components are generally used to describe left
ventricular deformation: longitudinal, circumferential, and ra-
dial strain. A systematic review summarized the literature for
the use of myocardial strain in patients receiving chemother-
apy [25]. The majority of data show earlier recognition of
subtle myocardial decline, most commonly in global longitu-
dinal strain prior to a decrease in LVEF [28-30]. A 10-15 %
early reduction in GLS by speckle tracking during chemother-
apy is the most useful parameter for the prediction of
cardiotoxicity (Fig. 6) [7¢, 25]. In long-term cancer survivors,
circumferential and radial strain is consistently is also
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Fig. 4 3D volumetric
transthoracic echocardiogram
assessment of left ventricular
ejection fraction. EDVend
diastolic volume; ESVend
systolic volume; LVEF left
ventricular ejection fraction

abnormal after chemotherapy administration, but is less reli-
able and are not currently recommended for screening pur-
poses [25].

Recent data presented in abstract form indicate that patients
with untreated cancer have equally reduced myocardial strain
as compared to patents post-chemotherapy [6]. This data, to-
gether with data showing elevated cardiac biomarker levels
prior to chemotherapy [31], highlight the potential direct ef-
fect (in the absence of cardiotoxic agents) certain malignan-
cies may have on subclinical cardiac dysfunction.

Stress Echocardiography (SE)

Both exercise and dobutamine SE are established techniques
for detection of coronary disease [32] for at-risk patients who
are undergoing chemotherapeutic regimens associated with
coronary ischemia [2]. Additionally, SE is useful in the eval-
uation of subclinical LV dysfunction and evaluation of con-
tractile reserve in patients with established cardiotoxicity-
related LV dysfunction. Contractile reserve represents the nor-
mal physiological augmentation that occurs with exercise or
pharmacological stress. A 5-unit decline in LV contractile re-
serve with dobutamine SE was found to be predictive of sub-
sequent LVEF reduction <50 % due to high-dose chemother-
apy-induced cardiotoxicity [33]. Asymptomatic doxorubicin-
treated long-term survivors of childhood cancer may have

EDV 147.7 ml
ESV39.4 ml

LVEF 73.3%

latent decreased cardiac performance that is not detected by
resting echocardiography, and evaluation of posterior wall di-
mension, posterior wall thickness, and end-systolic fractional
shortening with dobutamine infusion is a sensitive technique
for examining cardiac function in asymptomatic individuals
[34]. Although used infrequently for monitoring of
chemotherapy-induced cardiotoxicity, SE can potentially al-
low earlier identification of LV systolic dysfunction following
chemotherapy and/or radiation.

Current guidelines of practice recommend either echocar-
diography (with strain measurements or 3D echocardiogra-
phy) or ERNA imaging for evaluation of cardiotoxicity as
long as the chosen modality is used consistently throughout
serial monitoring [10].

Cardiac Magnetic Resonance (CMR)

Cardiac MRI (CMR) has superseded planar ERNA to become
the noninvasive reference standard for volumetric measure-
ment of cardiac chamber size and ventricular function [35].
In small subsets, CMR demonstrates the potential to detect
subclinical cardiotoxic effects of anthracyclines on cardiac
structure and function [36, 37]. Advantages of CMR include
highly accurate and reproducible measurements of LVEF,
ability to measure myocardial deformation (strain assess-
ment), evaluation of valvular regurgitation, and the detection
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Fig. 5 Speckle tracking echocardiography illustrating global
longitudinal strain in apical four-chamber view (a), apical three-chamber
view (b), apical two-chamber view (¢), and polar plot (d) in a patient with

of myocardial scar by delayed gadolinium enhancement [38].
CMR is valuable in evaluating primary cardiac tumors with or
without pericardial involvement and for evaluation of con-
strictive pericarditis [7+¢]. While the American College of
Cardiology and American Heart Association Guidelines iden-
tify CMR as a valid imaging modality for cardiotoxicity
screening [39], most centers are not using CMR as the primary
imaging modality for screening to characterize effects of
chemotherapy-induced cardiotoxicity. In patients for whom
standard surveillance imaging (echocardiography, ERNA)
demonstrates a decline in LV systolic function, the use of
CMR may be a useful approach for further more accurate
LVEF evaluation adding tissue characterization, myocardial
edema or fibrosis assessment [40]. Overall, CMR should be
viewed as a second-line modality in the evaluation of
cardiotoxicity, particularly when cardiopulmonary symptoms
are present in the absence of systolic dysfunction by

@ Springer
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echocardiography or ERNA, or if there is equivocal and/or
suboptimal assessment in LVEF. However, availability of ex-
pertise, higher cost, and exam duration limit its wide clinical
utility. The 2014 ASE/ESCAI expert consensus statement ad-
vises follow-up imaging with CMR for LVEF <53 % for more
precise assessment [5].

Comparison between Echocardiography, Cardiac MRI,
and ERNA

Echocardiography was compared to cardiac magnetic reso-
nance imaging (CMR) for detection of cardiomyopathy in
114 adult survivors of childhood cancer (mean age 39 years)
treated with anthracycline chemotherapy and/or chest directed
radiation therapy. Compared with CMR, 2D echocardiogra-
phy (biplane method) had a sensitivity of 25 % and a false-
negative rate of 75 % for detection of EF less than 50 %, and
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Drop of 10 points
to LVEF <53% | Yes |—>{_cTRCD

|

Relative drop of GLS as
compared to baseline

< 8% > 15%
v \4
No e""’e'.‘ce of Subclinical
subchnical

LV dysfunction®

LV dysfunction

* The data supporting the initiation of cardioprotection for the
treatment of subclinical LV dysfunction is limited.

Fig. 6 Early detection of subclinical LV dysfunction using speckle
tracking echocardiography. In patients without CTRCD (defined as a
drop of 10 points to LVEF <53 %), strain echocardiography is for the
identification of subclinical LV dysfunction. A relative percentage
decrease of >15 % compared with baseline is of clinical significance.
Reprinted from Plana et al. [7], with permission from Elsevier

3D echocardiography appeared slightly more accurate with 53
and 47 %, respectively. Detection of cardiomyopathy was im-
proved (sensitivity 75 %) using a higher 2D echocardiography
cutoff (EF >60 %) to detect an EF less than 50 % by the
reference standard CMR. The authors recommend that cancer
survivors with exposure to cardiotoxic therapies with an EF
50-59 % by 2D echocardiography should be considered for
comprehensive cardiac assessment, which may include CMR
[41].

In previous studies, echocardiography was less sensitive
and specific compared to ERNA although echocardiographic
assessment was limited by non-contemporary echocardio-
graphic assessment such as 3D imaging, myocardial strain
imaging, and echo contrast use [42—45].

These include two older studies with small sample sizes
have compared LVEF assessment by echocardiography and
ERNA. The first (n =21, median age of 6.9 years) found that
ERNA was more sensitive than echocardiography (ERNA de-
tected 29 % patients with a decreased LVEF, compared with
14 % patients with decreased LVEF with echocardiography,
p=0.003) [44]. The second (n=28 adult patients) showed
similar findings for M-mode and 2D echocardiography com-
pared to ERNA [43].

The most comprehensive study from a multi-modality car-
diac imaging perspective examined ERNA, 2D-echo, 3D-
echo and cardiac magnetic resonance imaging (CMR) for
the evaluation of cardiac function during trastuzumab therapy
after doxorubicin. All patients received serial imaging using
all four modalities at baseline, 6 and 12 months after begin-
ning trastuzumab. The results indicated a weak correlation
between 2D-echo and CMR (»=0.31 at baseline and r=

0.42 at 12 months), whereas the correlation for both 3D-
echo and ERNA versus CMR were strong (#=0.91 at base-
line; »=10.90 at 12 months, respectively [45].

Cardiac Computed Tomography Angiography (CCTA)

Cardiac computed tomography angiography (CCTA) has
emerged as a powerful tool for the non-invasive evaluation
of'the coronary arteries and an alternative to invasive diagnos-
tic angiography. Due to its lower temporal resolution, LVEF
assessment by CCTA is felt to be less accurate than conven-
tional cardiac imaging techniques and, to our knowledge,
there are no reports of CCTA for the evaluation of
cardiotoxicity-induced LV systolic dysfunction. Preliminary
data show that CCTA may be useful in evaluating patients
with structural or ischemic disease prior to initiation of cancer
therapy [46]. CCTA may also have a utility in the evaluation
of coronary artery disease in long-term cancer survivors who
were previously treated with thoracic radiation or known
agents that induce coronary ischemia [47]. This is of particular
interest in patients post-radiation who are at risk for develop-
ing premature coronary artery disease, particularly ostial cor-
onary disease, manifesting years after radiation therapy. [48,
49]. Further research is necessary to elucidate the precise role
of CCTA in monitoring this high-risk population. Coronary
artery calcium measurement may have a role in screening for
coronary disease in post-chemotherapy and/or radiation survi-
vors [48, 50], but again also requires further validating studies.

Serum Biomarkers

Biomarkers, such as troponin, BNP, and NT-pro-BNP, have
the ability to identify patients at risk for cardiotoxicity and
have been found to be elevated prior to echocardiographic
evidence of LV systolic dysfunction [51]. Even prior to cancer
treatment, elevated cardiovascular hormone levels (e.g., NT-
proBNP, proadrenomedullin, high sensitivity troponin-T, pro-
endothelin-1) in cancer patients are associated with an in-
crease in all-cause mortality [31].

While serum biomarkers can aid in early diagnosis and
treatment of patients with potential cardiotoxicity, data shows
that isolated biomarker measurements are not reliable predic-
tors of cardiotoxicity [52]. A multimodality approach with
integration of biomarkers and cardiac imaging findings has
been proposed as an optimal strategy for the early detection
of chemotherapy and/or radiation-induced cardiotoxicity. For
example, myocardial strain using speckle tracking echocardi-
ography combined with high-sensitive cardiac troponin T is a
reliable method to predict cardiac dysfunction [53]. However,
further large-scale studies are needed to answer these ques-
tions prior to incorporating troponin biomarker levels as part
of a routine cardiotoxicity screening protocol.
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Approach to Monitoring Cardiac Function
Post-Chemotherapy and/or Radiation

In childhood cancer, post-chemotherapy cardiac monitoring
showed an increasing incidence of abnormal echocardio-
graphic findings reaching 43 % at 20 years post-doxorubicin
therapy, a finding that also appeared to have dose dependence
[54]. The Children’s Oncology Group have developed long-
term guidelines for post-therapy cardiac screening [55].
Depending on age of therapy, serial LVEF assessment is rec-
ommended at differential intervals. For example, in children
older than the age of 5 at time of therapy should receive LVEF
monitoring every year to 5 years depending on a variety of
factors including dose of anthracycline administered and con-
comitant chest irradiation.

There have been several clinical practice guidelines for
surveillance of chemotherapy-induced cardiotoxicy devel-
oped independently. The International Late Effects of
Childhood Cancer Guideline Harmonization Group [56] cre-
ated consensus recommendations for cardiomyopathy surveil-
lance in survivors of childhood cancer. Surveillance for
cardiotoxicity should be pursued in patients treated with
anthracyclines and/or radiation depending on cumulative
dose. Echocardiography is the recommended primary surveil-
lance modality, although ERNA or CMR may be reasonable
alternatives.

While collaborative effort for long-term surveillance strat-
egies for childhood cancer survivors were created, there are no
approved long-term surveillance recommendations for
asymptomatic adult cancer survivors at this time.

One proposed screening algorithm [57¢], is based upon
four assessments: prior cancer therapy, risk factors (such as
age> 65 years old, female gender, obesity, hypertension, hy-
perlipidemia, left ventricular dysfunction, coronary artery dis-
ease, acute cardiotoxicity during treatment, cumulative
anthracycline dose of >350 mg/m?, chest radiation >30 Gy,
>10 years post-treatment follow up), functional status at initial
and follow up visits, and cardiac structure. All survivors are
recommended to receive a baseline ECG, echocardiogram,
and BNP level. If all three are normal, then the patient is
considered stage A, at risk of heart failure but without struc-
tural disease or symptoms of heart failure. If a patient is low
risk without any new symptoms, then re-evaluation every
2 years with history, physical and BNP is recommended.
Only if there is a change in symptoms or abnormality in
BNP or ECG then an echocardiogram should be obtained.

High-risk patients, based on risk factors, should have an-
nual re-evaluation. In the absence of any new symptoms or
BNP abnormality, an echocardiogram can be performed every
5 years [57¢]. A patient with an abnormal echocardiogram at
baseline is considered stage B, structural heart disease but
without symptoms of heart failure. Treatment should be pur-
sued with re-evaluation every 6 months along with cardiology
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follow-up [57¢]. In addition to the above screening, aggressive
management of cardiac risk factors such as weight control,
smoking cessation, and lipid control should be emphasized.

Conclusion

CTRCD is associated with elevated cardiac morbidity and
mortality in patients during and following cardiotoxic chemo-
therapy. Several non-invasive cardiac imaging techniques are
available for the accurate screening, detection and follow-up
of patients at high risk for cardiotoxicity. However, further
collaboration between respective cardiology, oncology, and
multimodality imaging specialists is required to formulate
guidelines that seek to optimize and standardize surveillance
regimens in cancer patients. The optimal long-term screening
approach for cancer survivors has also yet to be clarified. With
greater understanding of tumor biology, similarities in signal-
ing pathways in cancer and heart disease are being uncovered.
Close attention should therefore be paid to the potentially
deleterious cardiac effects of all new cancer therapeutic agents
in development. Solving the burden of CTRCD will require
much collaborative work in the fields of cardio-oncology and
cardiovascular imaging.
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