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A Practical Approach to Echo Contrast

• Studies indicate about 15 to 30% of echo studies are 
inadequate (1)
– The definition of inadequate is subjective
– Stress echoes and those in ICU are more often inadequate

• Data suggests that less than 5% of echo studies receive 
contrast (2)

• Clearly, contrast echo is majorly underutilized
• Technical and procedural factors contribute greatly to 

underutilization
• Philosophical outlook on the role of contrast is critical

1. Kurt M et al; JACC: 2009; Waggoner AD et al; JASE:2001; Platts D et al; Crit Care Resuscitation: 2011)

2. Decision Resources LLC, Toronto, Canada 
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Candidates for 
Contrast Echo

• Patients most likely to benefit from contrast echo include those 
with

– Obesity

– Congestive heart failure

– Chronic obstructive pulmonary disease

– Mechanical ventilation

– Chest deformity (barrel chest)

– Patients with limited acoustic windows
• Inadequate imaging of 2/6 segments in any single view

• Incomplete Doppler velocity profiles
M ulvagh et al. J Am Soc Echocardiogr. 2000;13:331.
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Guidelines

9



1/21/20

4

EACVI Indications for Contrast Echo
• Endocardial Border Recognition – Should 

– Two or more contiguous LV segments not visualized
– When management dependent upon accurate measurement of LVEF
– When identification of regional wall motion abnormalities is critical

• Cardiac Structure – May Be
– apical hypertrophy and diverticula, pseudoaneurysm, myocardial rupture,  

non-compaction and LV thrombi are suspected 
• Left Atrial Appendage and Aortic Syndromes- May Be
• Stress Echo – Should

– Two continuous segments not visualized
– Presence of deep inspiration
– For myocardial perfusion

• Myocardial Perfusion – May Be (If expertise exists)
– To improve accuracy of stress echo
– To assess viability
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Who Must Have 
Contrast LVO?

• Indication for echo is evaluate LV function
• Endocardial border not visualized in either apical or non-apical views
• LV shape difficult to determine
• Epicardial motion not or poorly visualized
• Reproducibility is of paramount importance

• High suspicion of a structural lesion
– Mass, apical HCM, Noncompaction

11



1/21/20

5

Endocardial Border Definition
68 yo male with AS
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Contrast LVO for LV Volumes/EF vs MRI

Hundley et al; JACC, 1998
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Impact of LVO on Management

Kurt et al: JACC, 2009
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Contrast Echo Other Than Border 
Definition

• Cardiac Shunts
• Doppler enhancement
• Cardiac Masses

– Tumor vs Clot
• 3D enhancement
• Noncompaction
• Vascular enhancement
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CONTRAST ECHO

• Effective contrast agents
• Refined recording techniques

• LV cavity opacification

• Doppler enhancement

• Myocardial perfusion

• Delivery of markers, drugs, therapy

27

68 yo male with AS
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Impact of LVO on Management

Kurt et al: JACC, 2009
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Contrast Echo Other Than Border 
Definition

• Cardiac Shunts
• Doppler enhancement
• Cardiac Masses

– Tumor vs Clot
• 3D enhancement
• Noncompaction
• Vascular enhancement
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68 yo male with AS

42

Contrast Enhancement of TR

PA pressure 12 mm/Hg PA pressure 38 mm/Hg
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62 yo female Post MI
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Artifact vs Stasis by Contrast
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Artifact vs Stasis by Contrast
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Tumor Perfusion
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Tumor vs Clot by Contrast
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In seven of 16 patients, contrast enhancement resulted in greater pixel intensity in the 
mass than in the adjacent myocardium. All of these masses were classified pathologically 
as malignant (n 6) or benign and vascular (n  1). Nine masses demonstrated decreased 
pixel intensity, compared with the myocardium, and were diagnosed pathologically as 
myxomas (n  2) or thrombi (n 5), or they resolved with anticoagulation (n  2).
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Tumor vs Thrombus by Contrast

Tumor Thrombus
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54 YO male with abnormal ECG

90



1/21/20

18

54 yo male with abnormal ECG
and apical HCM
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Contrast for Non-Compaction
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Contrast TEE for LAA
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Contrast TEE for LAA

Jung et al; Cardiovasc Ultrasound, 2013
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Hypertrabeculation/Noncompaction:
Background

• The LV normally has few trabeculae
• The phenotype of hypertrabeculation (HTB) 

may be seen in a varienty of conditions
– Noncompaction Cardiomyopathy and others

• Dilated cardiomyopathy often results in HTB
• Contrast echo well suited to identify HTB
• We studied the prevalence, magnitude, and 

significance of HTB in DCM 
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Non-
Contrast

Contras
t

Non-
Contrast

Contras
t

Non-Contrast Contrast
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LV Size/Function: Con vs Non
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Parameters
AU

CNon contrast mass 0.432

Contrast mass
(cut off
value=180g)

0.53
2

Non contrast LV wall thickness 0.462

Contrast LV wall 
thickness (cut off
value=0.68mm)

0.56
4

NC-mass/C mass ratio 0.392

Trabecular 0.38
4

ROC curve - All Cause Mortality
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Kaplan-Meier survival for Non-ICM and ICM
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Hypertrabeculation (HTB): Conclusions

• HTB is prevalent in DCM (60%)
– Apical-lateral segments are most involved

• Compacted myocardium yields increased 
volumes but decreased EF

• Compacted myocardium yields superior 
sensitivity/specificity for all cause mortality
– Greater influence in ICM

• Delineation of compacted myocardium by 
contrast may be of value in DCM patients. 
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Calculation of Strain From
Speckle Tracking

Frame 1 Frame 1 + n

Strain =
Change in 

Length  Original 
Length
% Thickening

% Thinning

Modified from Freedman Z. and Lysysanksyv P
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Applications of Strain Measures
• Detection of LV dysfunction

– Especially with normal EF
• Assessment of prognosis in heart failure
• Detection of cardiotoxicity with chemotherapy
• Diagnosis of amyloidosis
• Assessment of cardiomyopathy (HCM)
• Assessment of aortic stenosis
• Evaluation of hypertrophy, hypertension, athletes
• Detection of myocardial ischemia
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2015 GEM Challenge

• Intraventricular flow (IVF) may contain 
important data in pts with cardiac disease

• Doppler enables assessment of IVF

• Metrics are needed to quantify IVF

• Goal to develop metrics for Doppler IVF

• Goal to apply metrics to study IVF DCM and 

predict thrombosis

Intraventricular Flow: Background
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Applications of Flow Visualization
• Normal hemodynamic performance
• Dilated cardiomyopathy
• Abnormal conduction, pacemakers
• Prosthetic valves
• Shunts
• Regurgitant/stenotic valves
• RV and LA flow
• Aorta and peripheral vessels
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VORTICITY (VORTEX FORMATION)
• Vorticity: a property of a fluid particle based 

on its local angular velocity that describes its 
tendency to rotate.

• A vortex is, therefore, a circular or elliptical-
shaped rotating mass of fluid spinning around 
a virtual central axis
– Size
– Flow intensity
– Position
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Effect of Vortices

• Preserves momentum by maintaining the 
motion of blood inside cardiac chambers 
– Prevents stasis

• Avoids excessive dissipation of energy, 
facilitating inflow into the ventricle 
– Conserves kinetic ener

• Redirects flow towards the LVOT and aortic 
valve
– Facilitates ejection of blood

145

2015 GEM Challenge

2D color Doppler velocimetry (echo-CDV)

2D Color
Doppler

B-Mode
Wall 

Tracking

Conventional acquisition

r

q

2D Continuity equation
• neglect through-plane fluxes
• Impermeability at the walls

Vq(r,q)

2D flow map overlaid on 
anatomical image

q r

Vr(r,q
)

Garcia, del Alamo et al, 
IEEE Trans Med Imag. 2010
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2015 GEM Challenge

2D+t Doppler Phase Contrast MRI

Validation: Echo-CDV vs Phase Contrast MRI
Vortex properties

(N=17 volunteers, 85 frames)

Phase Contrast MRI

2D+t Doppler 
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Bermejo et al,  Am J Physiology 2014

2D+t Doppler 
Phase Contrast MRI
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2015 GEM Challenge

• Madrid, Spain (Dec 2011). Heart Rate 51
• Hospital Gregorio Maranon, GE Vivid 7
• Sonographer had extensive experience 

with 2D+t acquisition protocol

• San Diego, CA (Oct 2012). Heart Rate 50
• UCSD Hillcrest Medical Center, GE Vivid 9
• Sonographer had no previous experience 

with 2D+t acquisition protocol

Reproducibility of echo-CDV
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2015 GEM Challenge

Early Data

Residence Time
Patient with cardiomyopathy

Residence Time
Normal LV function subject
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2015 GEM Challenge

Applied Analysis

Segment residual volumes
• Do not mix with incoming 

blood 
• Are not ejected during systole
• These regions should be at 

high stasis risk

(TR > 2 sec)
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2015 GEM Challenge

151

2015 GEM Challenge

Vorticity Energy Loss Wall Shear Stress
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Intraventricular Flow Visualization

• The technique is in its infancy

• Echo is the most feasible method for study
– Color Doppler vs contrast PVI

• Quantitative metrics are being developed

• Can provide data on (patho) physiology

• Clinical applications are evolving

• Risk of thrombus may change clinical practice

153

Handheld or Pocket or Point of Care Echocardiography
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Exiting handheld require piezoelectric technology and require multiple 
probes to bring the price between 8k to 15k. Replace piezocrystals with 
a micromachine that acts like a drum to generate vibrations The 
voltage bouncing back from the body is registered as an electrical 
signal which creates the image

New “Ultrasound on a Chip could 
Revolutionize Medical Imaging 

156

Automated Intelligence.  ECHO GPS
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LVIVO™ EF on GE Healthcare’s 
VSCAN Extend ultrasound

LVIVO EF has already been
implemented on GE
Healthcare’s VSCAN
Extend ultrasound,

CLICK FOR VIDEO

158
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Applications of Handheld Echo

• Emergency imaging

• Limited exams

• Extended physical examination

– the “ultrasonic stethoscope”

160

Laennec invented the stethoscope, the original employment of  the 
instrument being his desire to save a young woman's modesty from the 
shock of  having him listen directly to her chest. 
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Accuracy of Current PE
• St Clair AnnIntMed 1992       63 res    50-60% error

MR, AR, MS

• Mangione JAMA 1997              453 res    80% error
• Roldan AJC 1996                  15 card  20% error
• Jost AmJMed 2000              20 card  21% error
• March MayoProc 2005            17 card  66% error

All MDs had 76% error

• Criley ArchIntMed 2006         860 MDs 42% error
Cards fellows best at 30% error
No difference for intern to faculty

Functional
murmurs

162

“ULTRASOUND STETHESCOPE”:  LVEF 
EXAMPLE

• Physical exam limited in assessing EF

• Echo gives good visual EF estimate

• Echo exam of LV may be easier to master than 
physical exam

• Echo can provide directional changes

• Echo improves LV assessment by medical 
residents (Kimura et al)
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•2 sessions echo training: Low EF

•10/13 residents improved diagnosis
in 12 patients (5 low EF; 7 nls)

•>80% exams of fair or good quality.
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Error reduction
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Conclusion:

•These findings suggest that a briefly-trained 
physician can perform a simplified bedside 
ultrasound exam using a hand-held device to 
improve detection of LV systolic dysfunction.
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168



1/21/20

39

177

178



1/21/20

40

179

DeMaria, Bommer et al. Circ Suppl: 1979

Myocardial Opacification
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Baseline; Low Energy-TRI
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RAMP 1 and 2
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ROC Analysis: RAMP 1 and 2

Senior et al: Eur J Echo; 2009
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In press: JACC, 2013
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Diagnostic Accuracy: MCE vs SPECT

Senior et al; JACC, 2013
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ROC Analysis: MCE vs SPECT

Senior et al; JACC, 2013
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Ragosta et al; , 89:1994 

Viability by MCE
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Authors Imaging type Sensitivity (%) Specificity (%) Pts

Janardhanan (2005)         Low Ml                    82                      83                 42
Hickman (2005)                Low Ml                    83                      78                 56
Senior (2003)                    High MI                   62                      85                 96
Greavea (2003)                Low Ml                    88                      74                 15
Aggeli (2003)                    High MI                   87                      72                 34
Janardhanan (2003)         Low MI                    92                      75                 50
Hillia (2003)                      Low Ml                    86                       44                33
Hillis (2003)                      High MI                   80                       67                38
Lepper (2002)                  High MI                   94                       87                 35
Main (2001)                      Low Ml                    77                      83                 34

Mean       83 75 (n 430)

MCE for Myocardial Viability Post MI
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Myocardial contrast echocardiography 
has not yet achieved use as a clinical 

tool.

Why?
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Why is MCE Not Clinical?

• Images still inadequate in difficult patients

• Pulsing sequences still complex

• No agreed upon protocol exists

• Quantitation still has limited reproducibility

• Few multicenter studies are published

• No reimbursement
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Herrmann et al. Circ Res; 2001

Vasa Vasorum
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Vasa Vasorum
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Contrast for Carotid Plaque

213

Contrast for Plaque Neovascularization

Feinstein et al; JACC, 2006
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Contrast Echo Other Than Border 
Definition

• Cardiac Shunts
• Doppler enhancement
• Cardiac Masses

– Tumor vs Clot
• 3D enhancement
• Noncompaction
• Vascular enhancement
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68 year old man with long standing 
hypertension, COPD, chest pain, and a 
Grade II/VI ejection systolic murmur
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68 yo male with AS

217

68 yo male with AS
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Contrast Enhancement of AS
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221

Contrast and AS Gradient

von Bibra et al; JACC, 1995
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