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a. Produce only a harmonic backscatter signal.

b. Produce only a backscatter signal the same 
as the insonating frequency.

c. Occurs when the microbubble expands and 
compresses to the same degree as in 
oscillates in harmony with the pressure 
waves of the  ultrasound field.

d. Occurs only when the microbubbles are 
sized small enough to pass through the 
pulmonary capillaries and opacify left sided 
structures.

e. Is an acoustic behavior of a microbubble that 
supports real-time perfusion imaging.



a. Pulmonary hypertension

b. Known intracardiac shunt

c. Unstable CHF

d. Hypersenstivity to the gas 
(perflutren)

e. b and d

f. All of the above



a. Smaller vs larger bubbles.

b. More compliant less-stiff 
microbubble shells.

c. High molecular weight 
based gas filled bubbles.

d. Air filled gas bubbles.

e. b and d





1. Define ultrasound contrast?
2. Recognize the interaction of the 

bubbles with ultrasound
3. Describe how contrast maximizes value
• Incremental value for LVO
• Incremental value for spectral Doppler
• Tissue characterization

4. Explain how to set up the 
pictures/Pitfalls

5. Perfusion
6. Safety



Cheng SC et al. Am J Cardiol. 1998;81:41G–48G.

•Contrast enhancement with agitated 
saline solution or other fluids containing 
gas have been recognized for over 40 
years.

•Bubbles of room air were either too big 
or dissolved too rapidly

•Therefore early contrast 
echocardiography was limited to shunt 
detection or the evaluation of right sided 
structures.



Stabilized gas 
microbubbles sized to 
pass through the 
smallest capillaries



Agent Size (μm) Gas Shell Indication

Optison 3.0-4.5 Perflutren Albumin LVO/EBD

Definity 1.3-3.3 Perflutren Phospholipid LVO/EBD

Lumason
1.5-2.5

Sulfur 

hexafloride
Phospholipid LVO/EBD



DeMaria. Clin Cardiol. 1997;20(suppl I):I-3. 

• Size

• Shell

• Gas



RBC

6–8 µm

Microbubble

2–8 µm

Cheng et al. Am J Cardiol. 1998;81:41G.



Shell Properties

• Elasticity

• Fragility

• Biodistribution

• Elimination

Shell Composition

• Proteins

• Biocompatible 
polymers

• Phospholipids

Burns PN. In: Rumack CM et al, eds. Diagnostic Ultrasound. Vol. 1. 2nd ed. St. Louis, MO: 

Mosby; 1998:57.



Air

Highly soluble

Low persistence 
and stability

Rapid diffusion 
after disruption

Heavy Gases
High molecular 

weight

Low solubility

High persistence 
and stability

Inert & safe 

Villarraga et al. Tex Heart Inst J. 1996;23:90.



Duration of clinically useful contrast effect (min)
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MI Bubble 

Behavior 

Acoustic 

Behavior 

Clinical 

Application 

< 0.1 Linear 

Oscillation 

Backscatter 

Enhancement 

Fundamental LVO 

Spectral Doppler 
 

0.1-

1.0 

Nonlinear 

Oscillation 

Harmonic 

Backscatter 

Harmonic LVO 

Real time perfusion 

>1.0 Disruption Transient 

Harmonic  

Echos 

Doppler LVO 

Triggered perfusion 

 

 



P. Burns & H. Becher. Handbook of Contrast Echocardiography: LV Function 

and Myocardial Perfusion. Springer; 2000.





Very strong 

nonlinear 

backscatter of 

extremely 

short duration 

Wei et al. J Am Coll Cardiol. 1997;29:1081.



POWER

Linear
resonance

Nonlinear
resonance

Transient
scattering

POWER POWER

Fundamental

enhancement

Bubble 

disruption

Harmonic 

enhancement

Burns PN. Echocardiography. 2002;19:241–258.



2.5 MHz

2.5 MHz• Tissue and blood 

reflect at the 

fundamental 

frequency

• Microbubbles reflect at 

both the fundamental 

and the harmonic 

frequencies

2.5 MHz2.5 MHz + 5 MHz



Backscattered signal Imaged signal

Tissue

Bubbles

Filter

Burns. In Rumack et al, eds. Diagnostic Ultrasound. Vol. 1. 2nd ed. 

St. Louis: Mosby; 1998:57.



1. What is ultrasound contrast?

2. Understand the interaction of the bubbles 
with ultrasound

3. Contrast maximizes value

• Incremental value for LVO

• Incremental value for spectral Doppler

• Tissue characterization



• Most common use 
of diagnostic 
echocardiography

• Global ventricular 
function

• Regional wall 
motion

Rest

Stress
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• Increased sensitivity

• Heightened diagnostic 
confidence

• Improved accuracy 
and reproducibility

• Enhanced clinical utility
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Echo Modified Biplane Simpson’s Method vs. RNA
Fundamental Imaging

Nahar T et al:  Am J Cardiol 86:1358, 2000
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Echo Modified Biplane Simpson’s Method vs. RNA
Harmonic Imaging

Nahar T et al:  Am J Cardiol 86:1358, 2000
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Echo Modified Biplane Simpson’s Method vs. RNA
Harmonic Imaging with Contrast

Nahar T et al:  Am J Cardiol 86:1358, 2000
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Better correlation with 

reference standards!



Absolute Difference Between Echocardiographic and Magnetic

Resonance Imaging Measurements

Standard Contrast

Echo-MRI Echo-MRI P Value

End diastolic volume (mL) 21 ± 13 15 ± 14 0.038

End systolic volume (mL) 17 ± 13 12 ± 9 0.015

LVEF 0.08 ± 0.06 0.05 ± 0.03 0.031

All values are mean ± 1 SD. 

Adapted from Hundley et al. J Am Coll Cardiol. 1998;32:1426.



0

10

20

30

40

50

60

70

80

90

100

All subjects Subjects with
complete visualization

of the endocardium
at baseline

Subjects with
 2 endocardial

segments not seen
at baseline

(n = 35)                            (n = 19)                         (n = 16)

P < 0.03 P = NS P < 0.02 

No contrast

EchoGen®

S
u

b
je

c
ts

 (
%

)

Adapted from Hundley et al. J Am Coll Cardiol. 1998;32:1426.



Take Home Points
1. Defines the endocardial border better than 

unenhanced echocardiography. 

2. The underestimation of cardiac volumes by 
echocardiography is nearly resolved when 
contrast agents are used.

3. Reduced intra and interobserver variability in 
measures of LV volumes and EF with better 
correlation with reference standards.

4. Recommended for use with > 2 LV segments 
are not well visualized.



Diastole Systole

Outside 

trabeculations

Not black-

white interface



Diastole Systole



Trace Outside the Trabecular Margins



Myocardial Border Detection vs Angiography

Schnittger I et al:  Am J Cardiol 50:512, 1982

Columnae carnae bases
enclosed by angiographic

dye vs apices
imaged by ultrasound

Echo outline
(no contrast)

Angio outline
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Take Home Points
1. Defines the endocardial border better than 

unenhanced echocardiography. 

2. The underestimation of cardiac volumes by 
echocardiography is nearly resolved when 
contrast agents are used.

3. Reduced intra and interobserver variability in 
measures of LV volumes and EF with better 
correlation with reference standards.

4. Recommended for use when > 2 LV segments 
are not well visualized.





ContrastNo Contrast





Without Contrast With Contrast



0

20

40

60

80

100

Pulmonary

Veins

Mitral

Inflow

Tricuspid

Regurg

Routine Discretionary

P
er

ce
n

t(
%

)

Lester  SJ et al. J Am Soc Echocardiogr 2006 Jul; 19(7):919-23 



Structural Definition

1. LV Structural Abnormalities

- Apical hypertrophy

- Aneurysm / pseudoaneurysm

- Thrombus

- Noncompaction

- Myocardial rupture







LV Aneurysm



LV Aneurysm & More



Structural Definition

1. LV Structural Abnormalities
- Apical hypertrophy

- Aneurysm / pseudoaneurysm

- Thrombus

- Noncompaction

- Myocardial rupture

2. Characterize intracardiac
masses (tissue characterization)



LV apical thrombus in 
patient post MI, no 
enhancement

Secondary cardiac tumor

(renal sarcoma) located in 

RA, complete enhancement

LA myxoma, partial 
enhancement

Mansencal et al. Archives of Cardiovascular Disease 

(2009) 102, 177—183



Structural Definition

1. LV Structural Abnormalities
- Apical hypertrophy

- Aneurysm / pseudoaneurysm

- Thrombus

- Noncompaction

- Myocardial rupture

2. Characterize intracardiac
masses (tissue characterization)

3. Differentiate artifacts









Machine and administration frequency 
adjusted to provide best image
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Mechanical Index

•Measure of 
output acoustic 
power

•High MI 
increases 
bubble 
destruction

MI 0.24 increased 

to 0.6



CP1227021-1

MI = 1.4



MI = 0.2





• System settings 
(focal zone misplacement)

• Dosing and administration
(low concentration)

POTENTIAL CAUSES



• Dosing 
(high 
concentration)

• Administration 
(infusion rate too 
fast)

• Clinician 
(obtain off-axis 
windows)

POTENTIAL CAUSES







• System settings 
(high MI)

• Dosing
(low 
concentration)

• Administration 
(low infusion 
rate)

• Poor LV function

POTENTIAL CAUSES











Perfusion

Right Ventricle LVO Phase Myocardial Phase

J Am Soc Echocardiogr 2008



Perfusion

Continuous Imaging Intermittent Imaging

Low MI, Nondestructive

Real Time

High MI, Destructive

Triggered



Perfusion

Continuous Imaging

Low MI, Nondestructive

Real Time



Perfusion

Intermittent Imaging

High MI, Destructive

Triggered



1 beat 5 beats 32 beats 44 beats



Plateau intensity ()
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Baseline intensity

Appearance rate ()

Intensity = (1-exp1)

Time (t)

Bolus
Feigenbaum’s Echocardiography 6th edition 



Baseline 
Curves

Both normal

Infarct territory

75% stenosis

Both normal

Infarct territory

75% stenosis

B
A

A: normal
reference
area

B: area of
coronary
obstruction

Vasodilator
Curves

Feigenbaum’s Echocardiography 6th edition 



Perfusion

Continuous Imaging Intermittent Imaging

Low MI, Nondestructive

Real Time

High MI, Destructive

Triggered







30 minute period of monitoring

http://www.dkimages.com/discover/previews/990/80020097.JPG
http://www.dkimages.com/discover/previews/990/80020097.JPG
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CP1317818-2

Conclusions:  Approximately 0.4% of hospitalized 
patients die within 24 h of echocardiography.  There 
is no increased mortality risk associated with 
Definity-enhanced examinations, despite evidence 
for higher clinical acuity and more comorbid 
conditions in patients undergoing contrast studies.



Safety of Contrast Agent Use During Stress 
Echocardiography

A 4-Year Experience From a Single-Center
Cohort Study of 26,774 Patients

Sahar S. Abdelmoneim, MD, MSc, Mathieu Bernier, MD, Christopher G.
Scott, MS, Abhijeet Dhoble, MD, MPH, Sue Ann C. Ness, RN,

Mary E. Hagen, RDCS, Stuart Moir, MD, Robert B. McCully, MD,
Patricia A. Pellikka, MD, Sharon L. Mulvagh, MD

J. Am Coll Cardiol Img 2009;2:2048-56

Conclusions: The use of contrast agents during SE 
was not associated with an increased short-term or 
long-term risk of death or MI.



The Safety of Definity and Optison for 

Ultrasound Image Enhancement: A 

Retrospective Analysis of 78,383 

Administered Contrast Doses
Kevin Wei, MD et al.

J Am Soc Echocardiogr

2008;21:1202-1206

• 5% TTE and 28% SECHO

• Severe reactions that were “probably” 
related to contrast developed in 8 (0.01%) 
patients.

• 4 (0.006%) were anaphylactoid reactions



CARPA

Complement Activation Related

Pseudo Allergy

• Features similar IgE-mediated Type 1 reactions. 

• Angioedema, bronchospasm, hypoxemia, 
hypotension, low back pain, and urticaria

• Can occur without prior exposure, decrease in 
severity with subsequent exposure, resolve 
spontaneously.



The Safety of Definity and Optison for 

Ultrasound Image Enhancement: A 

Retrospective Analysis of 78,383 

Administered Contrast Doses
Kevin Wei, MD et al.

J Am Soc Echocardiogr 

2008;21:1202-1206

Conclusion: … these agents have a 
good safety profile in both cardiac 
and abdominal ultrasound 
applications. The incidence of 
severe adverse reactions to 
ultrasound contrast agents is no 
greater, and may be lower, than that 
reported for contrast agents 
commonly used in other cardiac 
imaging tests.



“Avoiding Danger in 
the long run is no 
safer than outright 
exposure”

Helen Keller



• Dental Injury 
0.03%

• Esophageal 
perforation 
0.01%

• Urticarial rash 
0.04%

• Anaphylactoid
shock 0.01

• Skin fibrosis

• Urticaria 0.5%

• Severe reactions 
0.001-0.04%

• Intra-arterial (cath)

Urticaria (0.5%)

Hypotension 
0.3%

Cardiac arrest 
0.2%

• Radiation and 
procedural risk

TEE Gadolinium Non-ionic contrast





“When I look back on all the 
worries I remember the 
story of the old man who 
said on his deathbed that 
he had a lot of trouble in 
his life, most of which 
never happened”

Sir Winston Leonard 

Spencer Churchill 

(1874-1965) 



May 2008
• Known or suspected intracardiac shunt
• Hypersensitivity to perflutren (blood 

products or albumin-Optison) 
• Acute MI, worsening or unstable CHF
• Serious ventricular arrhythmias or high risk 

for arrhythmia
• Respiratory failure
• Severe emphysema, PE or other conditions 

that cause pulmonary
• Hypertension due to compromised 

pulmonary arterial vasculature

May 2008



Vitals, ECG, O2 saturation 

30 minutes post injection

•Pulmonary hypertension

(TR vel >4.0m/sec)

•Unstable cardiopulmonary 
conditions

http://www.dkimages.com/discover/previews/990/80020097.JPG
http://www.dkimages.com/discover/previews/990/80020097.JPG
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Monitoring for pulmonary 
hypertension and unstable 
cardiopulmonary conditions  
is .

http://www.dkimages.com/discover/previews/990/80020097.JPG
http://www.dkimages.com/discover/previews/990/80020097.JPG


• “Recent large reviews of the literature have failed to detect any 
increased risk for systemic embolization associated with UCAs in 
patient populations that obviously included those with PFOs”.

• “Therefore, the writing group does not consider patients with small 
degrees of right-to-left shunting through PFOs (those that result in a 
transient appearance of saline contrast in the left atrium or ventricle 
and do not fill the left atrial or LV cavity) at increased risk for UCA 
use”.



Maximizes Value with Minimal Hassle



1. The clinical utility of a 
bubble depends on its 
size, shell and type of gas

2. The backscattered signal 
radiating from a bubble 
that oscillates in a 
nonlinear fashion will 
contain a harmonic 
component.



3. Perfusion:
• Low MI, nondestructive, real 

time imaging
• High MI, destruction, triggered 

imaging
4. The only contraindications are 
known intracardiac shunt and a 
hypersensitivity to the gas, 
perflutren (blood products or 
albumin—Optison only)



a. Produce only a harmonic backscatter signal.

b. Produce only a backscatter signal the same 
as the insonating frequency.

c. Occurs when the microbubble expands and 
compresses to the same degree as in 
oscillates in harmony with the pressure 
waves of the  ultrasound field.

d. Occurs only when the microbubbles are 
sized small enough to pass through the 
pulmonary capillaries and opacify left sided 
structures.

e. Is an acoustic behavior of a microbubble that 
supports real-time perfusion imaging.



a. Pulmonary hypertension

b. Known intracardiac shunt

c. Unstable CHF

d. Hypersenstivity to the gas 
(perflutren)

e. b and d

f. All of the above



a. Smaller vs larger bubbles.

b. More compliant less-stiff 
microbubble shells.

c. High molecular weight 
based gas filled bubbles.

d. Air filled gas bubbles.

e. b and d




