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The Role of Echocardiography in Cardio-oncology Patients: Contemporary Indications and
Future Directions
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Fig. 1 Role of echocardiography
in cardio-oncology. The figure
illustrates the typically journey of
a cancer patient undergoing
treatment. The utility of
echocardiography in the
management of the cardiac
sequelae of cancer therapy is
illustrated by the heart icons and
briefly summarised in the
corresponding text boxes.
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Table 1

Benefits and limitations of the various cardiac imaging modalities used in cardio-oncology

myocardial fibrosis [5e¢].

No radiation exposure.
Multigated acquisition
scintigraphy

and cardiac MRI [14e-, 18].
Coronary CTA
assess coronary artery disease.

Allows evaluation of the pericardium and detection of scarring and

Allows assessment of tissue characterisation, evaluation of cardiac
masses, and identification of infiltrative diseases [5ee].

Longest established method for quantifying LVEF in cancer patients.

Robust method to assess LVEF in patients with atrial fibrillation.

Superior to 2D echocardiography; values obtained have better correlation
with other 3D imaging modalities such as 3D echocardiography

Useful in patients with chest pain and prior chest irradiation to

Imaging modality Benefits Limitations
Echocardiography Availability, ease of use, cost-effectiveness, and reproducibility.
No radiation exposure.
Safe in patients with concomitant renal disease.
Allows evaluation of cardiac structure (heart chambers, valves,
and pericardium) and haemodynamic function (stroke volume,
LV filling pressure, and pulmonary artery pressure) [14ss, 15+, 16].
Cardiac MRI Reference standard for EF measurement [17]. Expensive.

Limited availability.
Use dependent on patient
compliance while in scanner.

Radiation exposure.

Limited ability to assess cardiac
structure and haemodynamics [19+¢].

Inability to measure strain.

Radiation exposure.
Not used routinely to assess LVEF.
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EF, ejection fraction; LVEF, left ventricular ejection fraction; MR/, magnetic resonance imaging; CTA, computed tomography angiography
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Table 2  Factors that increase the risk of cancer therapeutics—related cardiovascular dysfunction

Cancer therapy-rtelated risk factors [16, 57-61]

Patient-related risk factors [16, 62-66]

1. High-dose anthracycline

e.g. doxorubicin = 250 mg/m? or epirubicin > 600 mg/m®

2. High-dose radiotherapy

e.g. radiotherapy > 30 Gy with the heart in the treatment field

mellitus, dyslipidaemia, and/or obesity

5. Treatment with lower-dose anthracycline (doxorubicin < 250 mg/m?
or epirubicin < 600 mg/m?) followed by trastuzumab

6. Autologous bone marrow transplantation.

3. Lower-dose anthracycline in combination with lower-dose radiotherapy
4. Lower-dose anthracycline or trastuzumab alone in the presence of multiple
(= 2) cardiovascular risk factors such as smoking, hypertension, diabetes

1. Older age at treatment (> 60)

2. Moderate or severe valvular heart disease
3. Hypertension

4. History of myocardial infarction

5. Compromised cardiac function

e.g. LVEF 50-55%

LVEF, left ventricular ejection fraction
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Table 3

Current guidelines for the role of echocardiography in the management of CTRCD. Recommendations are in accordance with the ASCO,
ESC, CCS, and ESMO guidelines as indicated

Signs

Recommendation

Organisation

Anthracycline-induced toxicity
Decline in LVEF = 10 to <50%

Symptomatic LV dysfunction (LVEF <40%)

LVEF is >40% but < 50%

Symptomatic heart failure without
a decline in LVEF

Asymptomatic decline in LVEF to <40%
or an LVEF reduction of > 15%
from baseline to < 50%

Asymptomatic decline in LVEF to <50%
but greater than 40%

Troponin positive patients

Trastuzumab-induced cardiotoxicity

Decline in LVEF to <45% or by > 10%
from baseline to a value between 45 and 49%

Repeat assessment of LVEF [Se+]. Commence ACE inhibitor ESC
(or ARB) and B-blocker to prevent further LV dysfunction [5¢*].

Cease chemotherapy and commence appropriate heart failure therapy ESMO
with ACE inhibitor (or ARBs) and B-blockers [19s¢].

Reassess cardiac function in 3 weeks. If this is confirmed, cease ESMO
chemotherapy and commence appropriate heart failure therapy
and more frequent follow-up [19++].

Chemotherapy can be continued [19¢+]. ESMO

Withhold cancer therapy, commence heart failure therapy, and ESMO
discuss with the cardio-oncology team [19++].

Cancer therapy can be continued. Commence ACE inhibitor ESMO
(or ARB) and B-blocker plus more frequent echocardiography
and clinical review [19+e].

Start ACE inhibitor to prevent decline in LVEF and do an ESMO

echocardiogram at the end of the cancer therapy and
3-monthly thereafter [19=].

Withhold trastuzumab and repeat LVEF measurement in
3 weeks [Se=, 15+, 16].

If the LVEF is restored to > 49%, trastuzumab may
be reinitiated [See, 15, 16].

ASCO, CCS, ESC

2. Symptomatic heart failure
3. Asymptomatic decline in LVEF to < 40%

4. Symptomatic heart failure with LVEF
between 40 and 50%

If the LVEF remains between 45 and 49%, trastuzumab may
be continued but an ACE inhibitor should be initiated [5ee, 15+, 16].
If the LVEF remains < 44%, cease trastuzumab and commence

ACE inhibitor and B-blocker [5ee, 15¢, 16].

Commence ACE inhibitor (or ARB) and B-blocker [19++]. ESMO
Commence ACE inhibitor (or ARB) and B3-blocker. ACE inhibitors ESMO
alone are sufficient for asymptomatic patients, however in
the setting of a previous myocardial infarction, B-blocker
may be added [19=+].
Consider commencing ACE inhibitors [19¢]. ESMO

Cardiology; ESMO, European Society of Medical Oncology
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ACE, angiotensin converting enzyme:; ARB, angiotensin receptor blocker; ASCO, American Society of Clinical Oncology; ASE, American Society of
Echocardiography; CCS, Canadian Cardiovascular Society; CTRCD, cancer chemotherapeutics—related cardiac dysfunction; £SC, European Society of
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Table4 A summary of recommendations for the diagnosis, monitoring, recommendation is rated as strong, medium, or weak based on the

treatment, and follow-up of CTRCD. The type and strength of evidence evidence of a true net effect, consistency of results, concerns about

behind the recommendation is created by ASCO using the GuideLines study quality and the extent of agreement among panellists [16]

Into Decision Support (GLIDES) methodology. The strength of each

Recommendation Organisation Type Strength

1. Echocardiography is the standard imaging modality of choice for ASE/EACVI Evidence-based Strong
assessment of cardiac structure and function.

Z If echocardiography is not available or technically feasible, a multigated ASCO, ASE/EACVI Evidence-based Moderate
acquisition scan or cardiac MRI can be used, with preference
given to cardiac MRL

3. The same imaging modality and method should be utilised to determine CCS, ASE/EACVI Formal consensus Moderate
LVEF before, during, and after completion of cancer therapy.

4. 3D echocardiography is the preferred imaging technique in monitoring CCS, ASE/EACVI Formal consensus Moderate
LV function and detecting CTRCD.

5. 2D STE (GLS) and serum biomarkers, in particular troponin, are useful tools ESC, ASCO, CCS, Formal consensus Moderate
for detecting subclinical LV dysfunction but its significance is still unknown. ASE/EACVI, ESMO

6. Evaluation of LVEF prior to commencement of potentially cardiotoxic cancer ESC, ASCO, CCS, Formal consensus Strong
treatment is necessary. Periodic assessment during and post treatment ASE/EACVI, ESMO
is recommended especially in symptomatic patients.

7. Baseline evaluation of LVEF, GLS, and troponin should be undertaken ESC, ASCO, CCS, Evidence-based Moderate
prior to initiation of agents associated with CTRCD. ASE/EACVI

8. Serial assessments with cardiac imaging and/or serum biomarkers are ESC, ASCO, CCS, Evidence-based Moderate
recommended during treatment and post completion of therapy. ASE/EACVI, ESMO

9. In patients who receive high doses of chest irradiation, screening with ESC, ASE/EACVI Evidence-based Weak
non-invasive imaging should be considered 10 to 15 years
after the initial treatment.

10.  Significant changes in LVEF necessitate confirmation with repeat ESC, ASCO, CCS, Evidence-based Strong
imaging within 2 to 3 weeks. A significant decline in LVEF warrants ESMO
initiation of heart failure treatment (ACE inhibitors/ARBs and beta blockers).

11.  The decision to withhold or discontinue cancer therapy should be made by the ASCO Informal consensus ~ Weak
oncologist in close collaboration with a cardiologist after considering the
risks and benefits of continuation of therapy.

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ASCQ, American Society of Clinical Oncology; ASE, American Society of

Echocardiography: CCS, Canadian Cardiovascular Society; CTRCD, cancer chemotherapeutics—rtelated cardiac dysfunction; EACVI, European

Association of Cardiovascular Imaging; ESC, European Society of Cardiology; ESMO, European Society of Medical Oncology; GLE, global longitu-

dinal strain; LV, left ventricle; LVEF, left ventricular ejection fraction; MR/, magnetic resonance imaging; STE, speckle tracking echocardiography
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Table 5 Cardiac imaging
parameters and circulating 2D STE
biomarkers being investigated as
predictors of early cardiotoxicity
in the EARLY HEART study.

Table modified from Walker et al.

« Heart rate

Magnetic resonance imaging

» LVEF, RVEF

Circulating biomarkers

* Global and segmental longitudinal strain and strain rate
* Global and segmental radial strain and strain rate
» LVEF using Simpson’s biplane method

[93] * E/A wave ratio: ratio of peak velocity blood flow from gravity in early diastole (the E wave)
to peak velocity flow in late diastole caused by atrial contraction (the A wave)

+ E/Ea wave ratio: ratio of peak velocity blood flow from gravity in early diastole (the E wave)
to early diastolic velocity of lateral mitral annulus (e’ lateral)

« Tricuspid annular plane systolic excursion

« Cardiac output measured by multiplying heart rate by the stroke volume
Computed tomography coronary angiography
» Coronary artery calcium score, overall and per artery
» Presence and type of plaque (noncalcified, partly calcified, and calcified); overall and per segment or artery

* Presence and severity of luminal narrowing based on plaque; overall and per segment or artery
= RV end-diastolic and end-systolic volumes, LV end-diastolic and end-systolic volumes, LV mass

« Presence and extent of myocardial infarction based on delayed enhancement
« Tissue characterisation based on pre- or postcontrast T1 mapping

* Presence of myocardial oedema based on T2 mapping

» Markers of cardiac injury: CRP, Troponin 1, Troponin T, BNP, N-terminal-proBNP,
beta2-microglobulin, Galectin 3

« Extracellular vesicles: CD14 (monocytes), CD31 (endothelial), CD41 (platelets),
CD3 (lymphocytes), CD235a (erythrocytes); exosomes

» Cardiac miRNAs (miR-1, miR-24, miR-133a/b, miR-208a/b, miR-210);
non-cardiovascular miR-122

« Circulating DNA methylation

BNP, B-type natriuretic peptide; LVEF, left ventricular gjection fraction; RVEF, right ventricular ejection fraction;

CRP, C-reactive protein
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