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• Demonstrate the role of echocardiography in the 
diagnosis and management of cancer patients with 
cardiovascular disease

• Demonstrate advanced imaging techniques in identifying 
cancer patients at risk for developing cardiovascular 
disease
– 2DE Left Ventricular (LV) function
– 3DE LV function
– Diastolic Function
– Myocardial Strain

• Learn and practice strain acquisition

Session Objectives

Presenter
Presentation Notes
We will talk about a few Echo parameters and the data surrounding their use including:2DE Left Ventricular (LV) function3DE LV functionDiastolic FunctionMyocardial Strain



Courtesy of University of South Florida 
& TGH Echocardiography Lab
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Presentation Notes
Increasing evidence that:Cancer treatment contributes to cardiac dysfunction (subclinical and overt)Those with underlying cardiovascular disease are at increased risk for developing adverse cardiac outcomes during cancer treatmentDetection of cardiovascular dysfunction in survivors is importantImaging modalities to evaluate the heart including cardiac MRI, CT and Echocardiography help identify those patients at risk before, during and after their treatment therapies.















Courtesy of University of South Florida Echocardiography Lab

Acquisition of the left ventricular function 
across echocardiographic modalities

Presenter
Presentation Notes
Acquisition of the left ventricular function across echocardiographic modalities. aModified biplane Simpson’s technique; b 3D echocardiography; c speckle tracking strain; and d Doppler strain. Acknowledgement: University of South Florida non-invasive lab.In Echocardiography, it is important to identify which parameters accurately assess cardiac structure and can be reliably followed over time.





2D LVEF
Is the most studied and 
verified echo parameter 
for detection of LV 
dysfunction

2D Echocardiography

LVEF measurement 
techniques

– Linear 2D
– M-mode
– Fractional Shortening
– Modified biplane 

Simpson’s

Presenter
Presentation Notes
Recommended to use Modified biplane Simpson’s technique 



CREC
(1988)

• 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
(2009)

• 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
(2013)

• Decline in baseline LVEF ˃10%

ASE/ECAI
(2014)

• Decrease in LVEF ˃10% to a value of ˂53%
• GLS >15% change from baseline suggests subclinical disease

ESC 
(2016)

• Decrease LVEF: >10 percentage points decrease to a value below the lower limit of normal
• GLS: >15% relative percentage reduction from baseline may suggest risk of cardiotoxicity

How do we define LV dysfunction in the 
cancer population? 

Friedman GD, et al. CARDIA J Clin Epidemiol. 1988
Kuznetsova T, et al. Circ Heart Fail. 2009
Muraru D, et al. J Am Soc Echocardiogr. 2013
Plana JC. J Am Soc Echocardiogr. 2014;
Zamorano et al, EHJ 2016

CREC Cardiac Review and Evaluation Committee
ASE American Society of Echocardiography 
EACI European Association of Cardiovascular Imaging
HERA HERceptin Adjuvant study

Table adapted from Patel, et al. 2016

Presenter
Presentation Notes
Defining what is LV dysfunction is has evolved over the years, culminated in the definition provided by the ASE. These definitions include arbitrary cutoffs without taking into account baseline risk and are not guided by clinical outcomes. In addition, LVEF based definition has limitations including variable reproducibility and the fact that many patients with HF have preserved LVEF. A more comprehensive definition for diagnosis of cancer therapy-related cardiotoxicity should take into account other imaging and biomarker based abnormalities as well.



Stage B is the key…?

Yancy et al. JACC 2013

Presenter
Presentation Notes
(as long as there is structural change, you should treat.) ASCO guidelines



Points to consider:
• Accurate assessment is of the utmost important
• Variability of echo is approximately 9-10%

– Image quality, loading conditions, geometric assumptions 
and wall motion abnormalities

– Limits evaluation of subclinical disease

Questions:
• How does 2D compare to other modalities of 

measuring LVEF?
• Can we predict LV dysfunction if we identify 

subclinical disease?

2D Echocardiography



3DE is comparable to 
Contrast 2D LV volume 
and function 

3DE is superior to 2D 
methods for LV function 
in patients with prior 
infarct 

Jenkins…Marwick et al. Eur Heart J. 2008

3D Echocardiography

Presenter
Presentation Notes
Although 2dE-derived LVEF is a strong predictor of cardiovascular outcomes, it may miss incremental changes in LV function. The 2dE techniques for quantification of LV are limited by image quality, loading conditions, geometric assumptions, and presence of regional wall motion abnormalitiesFigure 2 Comparison of end-diastolic volume (mL), end-systolic volume (mL) and ejection fraction (%) measured by magnetic resonance imaging and echo measures using non-contrast two-dimensional echocardiography, contrast enhanced two-dimensional echocardiography, non-contrast three-dimensional echocardiography, and contrast enhanced three-dimensional echocardiography. (Jenkins)
CE-2DE is analogous to NC-3DE in accurate categorization of LV function. However, CE-3DE is feasible and superior to other NC- and CE-techniques in patients with previous infarction.



3D Echo has less 
intra and inter-
observer variability

Dorosz, J Am Coll Cardiol. 2012 

3D Echocardiography

Presenter
Presentation Notes
Despite its limitations, 3DE may be superior to 2D techniques. For volumes, 3DE underrepresents true values about 50% less and has one-half the 95% confidence interval compared with 2DE. However, more clinical decisions are based on EF. With EF, there is no difference in the bias between 3DE and 2DE, and the difference in the variance is modest (±4.7%). The benefit of 3DE can be appreciated by evaluating the intraobserver and interobserver variability, where 3DE demonstrates much lower variance on both tests. Low observer variability is particularly important in a real-world echocardiographic laboratories, with a variety of readers and sonographers and for patients undergoing serial examinations to determine clinical worsening.



Thavandiranathan, et al. JACC 2013

3D Echo shows less 
variability over time 
when compared to 
2D methods

3D Echocardiography

Presenter
Presentation Notes
Figure:The temporal variability is defined as the standard error of measurement (SEM) and 95% confidence intervals (CIs) for each technique for the entire follow-up period. Noncontrast 3D had the lowest temporal variability and 95% CI for EF measurements (lower panel) compared with all methods (p  0.01 for all comparisons against noncontrast 3D). *p  0.05 for comparison of contrast enhanced to noncontrast acquisition for the respective technique. Abbreviations as in Figure 1.



Points to consider:
• Availability
• More studies are needed

3D Echocardiography

Presenter
Presentation Notes
More studies are needed to identify its role in management of patients



85 patients with breast 
cancer undergoing 
Anthracycline +/-
trastuzumab therapy

Diastolic Dysfunction 
developed in >50% of 
study patients

Significant decrease in 
tissue Doppler (S’ at 
the septal and lateral 
mitral annuli)

Diastolic Dysfunction

Serrano et al, The Oncologist 2015



• 170 with breast cancer who underwent 
radiation therapy +/- chemotherapy

• RR of HFpEF increased with radiation 
exposure

• DD often precedes systolic dysfunction in 
patients receiving cancer therapy

Diastolic Dysfunction

Saiki, et al. Circulation 2017

Presenter
Presentation Notes
*There is a growing evidence that radiation therapy contributes to diastolic function, and Dr. Saiki group sought to further evaluate this in patients with BrCA undergoing radiation +/- chemotherapy. Their study showed that ther RR of heart failure increased with increasing doses of Radiation, and if we break this down further, we notice that this was driven particularly by diastolic HF or HFpEF. The relative risk of HFpEF increases with increasingcardiac radiation exposure during contemporary conformal breast cancerradiotherapy.Figure 2. Crude frequency of heart failure (HF) casesvs controls according to category of mean cardiacradiation dose (MCRD).HF cases (red) relative to controls (blue) increased withincreasing MCRD.Table 2. Association Between Mean CardiacRadiation Dose and Relative Risk of Incident HeartFailure



Diastolic Dysfunction

Armstrong, G.T. et al. J Am Coll Cardiol. 2015; 65(23):2511–22.

22% of survivors in this cohort had diastolic dysfunction at 10 year follow up

Presenter
Presentation Notes
*Moving onto post therapy data, this 10year followup analysis from Dr. Armstrongs group showed that 22% of patients had evidence of DD, more than the percentage that had low EF, suggesting that it may be a early marker of cardiac dysfunction.



Points to consider:
• Angle dependence
• Affected by LV loading conditions
• Decreased reproducibility

Diastolic Dysfunction

Presenter
Presentation Notes
Loading conditions: variability is common part of chemotherapy with nausea/vomiting and fluid shifts.Taking into consideration the variability of diastolic dysfunction, Id like to turn to the data surrounding the most profound marker of subclinical disease to date, Myocardial strain.



Pre-therapy hematologic  malignancy:
• GLS <-17.5% at baseline associated with cardiovascular 

events (HF or death)
• Abnormal GLS at baseline was also associated with later 

development of cardiotoxicity

Myocardial Strain Prediction of Cardiac Events

Ali MT, et al. JASE 2016

Presenter
Presentation Notes
In regards to pre-therapy evaluation of cardiovascular risk in heme malignancies, in this study by Dr. Alis* group, we note that low GLS of less than -17.5 was associated with increased risk of cardiovascular events defined as HF or cardiovascular death. This was one of the early studies looking at actual cardiac outcomes with myocardial strain and not just monitoring of cardiotoxicity.*point out this is a different population than we are used to hearing about.**What chemotherapy?“GLS and average longitudinal strain measured before the initiation of anthracycline treatment were both associated with the later development of cardiotoxicity”



Pre-therapy breast cancer:
• Lower Baseline 

Circumferential strain 
associated with 
development of 
cardiotoxicity

• 1% baseline difference 
associated with 31% 
increased odds

Narayan HK, JACC Cardiovascular Imaging 2016

Myocardial Strain Prediction of Cardiotoxicity

Presenter
Presentation Notes
In looking at this study on 135 patients with breast cancer from Dr. Kys group it was noted that circumferential strain was associated with development of cardiotoxicity, but even more interesting is that lower baseline circumferential stain was present in those that developed cardiotoxicity. *Describe135 Patients with Breast Cancer



Pun et al, JASE 2018

Pre-therapy AL Amyloidosis:
• GLS and mitral E/A ratio 

ratio were strong 
predictors of survival post 
Autologous HCT

• >-17% GLS associated with 
increased survival at 5 
years (95% vs 47%)

Myocardial Strain Prediction of Cardiac Events

Presenter
Presentation Notes
Similarly in a population of patients with amyloidosisFor the entire study population, patients with baseline GLS > 17% had 5-year survival of 95% compared with 47% in patients with GLS # 17% 



81 patients with trastuzumab  +/- Anthracyclines for 
breast cancer

Results: GLS can be an earlier predictor of subsequent 
reductions of EF, preceding the change in LVEF by 3-6 
months.

43 patients with Anthracyclines & Trastuzumab 
for breast cancer 

Results: GLS predicts the development of 
cardiotoxicity

42 patients with Anthracyclines + Trastuzumab 
for breast cancer 

Results: TVI and strain imaging were able to 
detect pre-clinical changes in LV systolic 
function, before conventional changes in LVEF

Myocardial Strain During Cancer Therapy

Presenter
Presentation Notes
Nagishi:The results of this study show that deformation parameters can pro- vide added value to clinical parameters and baseline EF in the prog- nostication of subsequent reductions of EF in patients undergoing treatment with potentially cardiotoxic agents. In addition, this study shows that longitudinal strain is the most sensitive and robust predic- tor of early toxicity and subsequent EF decrease during trastuzumab therapy, compared with circumferential or radial strain. This study builds on the previous work by our and other groups in showing that GLS is the optimal marker, that it provides incremental informa- tion to that provided by other methods (especially EF), and that it identifies optimal cut points for change. 



Thavandiranathan, et al. JACC 2014

GLS range that predicted 
cardiotoxicity: Decrease of 
10% to 19% from baseline

High NPV

Myocardial Strain



Abnormal strain in Cardio-oncology

Plana JC. J Am Soc Echocardiography. 2014;

a CHANGE of >15% from baseline represents dysfunction

Presenter
Presentation Notes
Regardless of starting number.



Armstrong, G.T. et al. J Am Coll Cardiol. 2015; 65(23):2511–22.

Abnormal Strain in Cancer Survivors



Points to consider:
• Vendor variability
• GLS can predict subclinical dysfunction, but can we 

prevent overt LV dysfunction?

Stay tuned for emerging studies that will clarify this 
question…

Myocardial Strain

Presenter
Presentation Notes
Finally, a multinational, multicenter, randomized controlled clinical trial (SUCCOUR [Strain Surveillance during Chemotherapy for improving Cardiovascular Outcomes, ACTRN12614000341628])61 is already on its way. It was designed to determine whether serial strain imaging in patients receiving cardiotoxic chemotherapy will reduce the incidence of overt heart failure compared with current recommendations of standard LVEF. This ongoing investigation will provide new evidence-based data regarding the clinical utility and advantages of STE for monitoring of cardiotoxic therapies.



“Stage B” 
HF treatment

Evaluate/treat risk factors 
& consider meds

Liu, J. et al. J Am Coll Cardiol Img. 2018;11(8):1122–31.

Role of Echo in Cancer Therapy



2D Echo: 
• most verified parameter in detection of LV dysfunction in cancer 

patients
3D Echo:
• Accurate & reproducible over time
• Should be performed if available!
Diastolic Dysfunction:
• May detect subclinical disease
• Is susceptible to loading conditions
Myocardial Strain:
• GLS and CS predict cardiac events/cardiotoxicity prior to therapy
• GLS detects subclinical disease during therapy
• GLS may identify subclinical disease post therapy

Summary





Drs. Aarti Patel, Eric Harrison, 
Jennifer Liu, Juan Carlos Plana & 
Dinesh Thavendiranathan

Techniques in Imaging 
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