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Myocardial Contrast Echocardiography in the Evaluation of 
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Abstract

Myocardial contrast echocardiography (MCE) has an established 
role in left ventricular assessment by improving the ventricular 
opacification and endocardial border definition especially in pa-
tients with sub-optimal echocardiographic images. With advances 
in cardiac ultrasound imaging technology and the development of 
new contrast agents, the clinical utility of this technique has greatly 
expanded to include assessment of coronary reperfusion in the set-
ting of acute myocardial infarction, determination of myocardial 
viability within infarct zones as well as assessment of coronary 
microcirculation and flow reserve in patients with microvascular 
coronary disease. Improvements in image quality with intravenous 
contrast agents can facilitate image acquisition and enhance delin-
eation of regional wall motion abnormalities at peak levels of exer-
cise. Numerous studies have confirmed the clinical utility of con-
trast enhancement during echocardiographic studies, particularly in 
patients undergoing stress testing. In this paper, we explore the evi-
dence in support of MCE and its potential clinical applications. Our 
review aims to summarize (1) the basic principles of myocardial 
contrast echocardiography including recent advances in the ultra-
sound technology and contrast agents (2) its clinical applications in 
the diagnosis of cardiovascular diseases and finally, (3) its potential 
role in risk stratification and assessment of microvascular perfusion 
in patients with hypertensive heart disease.

Keywords: Contrast Echocardiography; Left ventricular hypertro-
phy; Coronary flow reserve

Introduction

Recent developments in contrast agents and acoustic tech-
nology have opened new opportunities in the clinical ap-
plications of myocardial contrast echocardiography (MCE). 
Beyond evaluation of cardiac structures and function, MCE 
can provide much needed insight into myocardial perfusion 
and thus permit a better understanding of pathophysiologic 
mechanisms in patients with abnormal LV function. This role 
appears to have specific advantage in patients with micro-
vascular disease particularly in the absence of concomitant 
epicardial coronary artery disease. In this paper we briefly 
describe recent advances in the technology of MCE and po-
tential application of these new advances in the evaluation of 
patients with hypertensive heart disease.

 
Rationale for Myocardial Contrast Enhance-
ment

Early use of contrast in echocardiography was necessitated 
by the need to better visualize cardiac anatomy. Since the 
initial description of echocardiographic contrast effect in 
the aortic root by Gramiak and Shah more than four decades 
ago [1], significant advances in both contrast technology and 
instrumentation have enabled clinicians and researchers to 
extend the application of contrast echocardiography to the 
study of  left ventricular systolic and diastolic functions, val-
vular flows, intrapulmonary and intracardiac shunts, intra-
cardiac clots and masses as well as in intramyocardial blood 
flows and perfusion [2-5]. Major initial limitations imposed 
by the relatively large size and instability of the microbub-
bles have mainly been overcome by the relatively stable and 
smaller microbubbles of the later generation contrast agents 
(Table 1). These newer contrast agents are capable of surviv-
ing transpulmonary transit, thus allowing for opacification 
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and evaluation of the left ventricle [6]. Myocardial contrast 
echocardiography is based on the scientific principle that 
air filled microbubbles produce contrast effect and that air 
in microbubbles possess acoustic characteristics (density, 
speed propagation and absorption of sound waves) differ-
ent from the surrounding solution, thus producing ultrasonic 
contrast [7, 8].

To a large extent the ability of contrast agents to opacify 
and hence allow the evaluation of the LV has been made pos-
sible by the introduction of sonication by Feinstein et al in 
1984 [6].  Sonication involves the exposure of solution to ul-
trasound resulting in the formation of small, stable, uniform, 
non-energy dependent microbubbles capable of crossing the 
pulmonary capillaries into the LV. This process involves 4 
steps: (a) formation of microcavities intrinsic to the solution; 
(b) development of large vibrant microbubbles; (c) disinte-
gration of microbubbles; and (d) formation of stable forms of 
the microbubbles. This process has been aided by significant 
improvements in instrumentation technology, notably, sec-
ond harmonic and transient response imaging [9].

 
Role of Myocardial Contrast Echocardiogra-
phy in Clinical Practice

The availability of stable microbubbles and the current per-
formance limits of ultrasound imaging and Doppler tech-
niques have encouraged the growth of contrast echocardiog-
raphy in clinical practice. By increasing the signal to noise 
ratio, ultrasound contrast agents have greatly improved the 
sensitivity and specificity of diagnostic ultrasound imaging. 
Routine clinical applications have been found in the study of 
myocardial ischemia during functional stress testing, endo-
cardial border delineation and evaluation of valvular flows. 
Perhaps the most exciting potential clinical utility of contrast 
echocardiography is in the evaluation of microvascular flows 
and “no-reflow” phenomenon.

Chamber opacification and improved endocardial border 
delineation allow for accurate assessment of LV volume and 
hence a more precise estimation of cardiac function. In phase 
III clinical trials, Albunex®, an earlier generation contrast 
agent was found to be effective in achieving adequate LV 
opacification in 81% of cases and improving LV endocardial 
definition in 83% of patients [10]. Crouse et al [11] have also 
demonstrated that investigator confidence in assessing LV 
wall motion was improved by 80% following administration 
of intravenous albumin. Improvement in endocardial border 
delineation was noted in over 90% of patients. These finding 
have since been translated into clinical application in several 
studies evaluating wall motion during stress echocardiogra-
phy with ultrasound contrast enhancement. Markowitz et al 
[12] have demonstrated that 77% of poorly visualized myo-
cardial segments during dobutamine stress echocardiogra-
phy had improved visualization following intravenous con-

trast administration. When exercise stress echocardiography 
interpretations were evaluated for accuracy, Marwick et al 
[13] reported that poor image quality potentially accounted 
for up to 43% of incorrectly read studies. This finding prob-
ably explains the beneficial role of contrast enhancement in 
improving the sensitivity and specificity of stress echocar-
diography in the evaluation of coronary artery disease.

Albunex® was the first commercially available contrast 
agent. Developed by sonication of 5 % albumin solution, Al-
bunex® has excellent myocardial opacification on intracoro-
nary injection but does not opacify left ventricle after intra-
venous injection [14]. After intravenous administration of 
albunex, the air in the microbubbles being highly diffusible, 
leaks out as they transit the pulmonary circulation leading 
to a reduction in the size of the microbubbles. The acoustic 
backscatter from a bubble is related to the sixth power of its 
radius with smallest change in the microbubble size resulting 
in large decrease in ultrasound backscatter resulting in poor 
LV opacification [15]. The significant limitations imposed 
by the albunex as an ideal contrast agent have been largely 
replaced by the development of newer generation contrast 
agents such as EchoGen®, FS069 (Optison®) and DMP-115 
(Definity)®).The micro-bubbles in these newer generation 
contrast agents contain larger molecular weight gases with 
low diffusion capacity thus creating stable bubbles which 
do not dissolve in blood. They enter the myocardium intact 
permitting effective backscatter and ultimately satisfactory 
visualization of the left ventricular cavity as well as the myo-
cardium after intravenous injection thus allowing one to di-
rectly evaluate myocardial perfusion [16, 17]. This property 
has made possible the use of contrast agents in the study of 
microvascular integrity, ventricular remodeling, “no-reflow” 
phenomenon [18], collateral flow and viability [19, 20] as 
well as post-infarct or ischemia prognosis [2, 3, 21].

Perflenapent emulsion (EchoGen®), a phase-shift colloid 
belongs to the newer class of fluorocarbon based ultrasound 
contrast agents offering better endocardial border delinea-
tion and LV opacification. Clinical investigations have thus 
far shown promise with EchoGen and other new generation 
contrast agents (e.g., Optison and Definity) in visualization 
and localization of myocardial perfusion defects at rest by 
producing a negative contrast effect. Unlike albumin, a less 
stable contrast agent, the microbubbles produced by Echo-
Gen, Optison and Definity persist in the LV for much of sys-
tole and are able to make multiple passes through the portal 
vein. The microbubbles are small, uniform and stable and 
thus survive transpulmonary transit, allowing for circulation 
in the vascular system and enabling imaging of small blood 
vessels and tissues [22].

The persistence of the contrast effect during a significant 
portion of the cardiac cycle and lack of significant attenua-
tion at doses capable of producing myocardial enhancement 
permits interrogation in multiple echocardiographic views. 
In clinical trials evaluating EchoGen®, improvements in en-
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docardial border delineation and cardiac function assessment 
have been demonstrated. EchoGen® was associated with im-
provement in blood pool contrast enhancement, facilitation 
of endocardial border delineation and visualization of valvu-
lar blood flows, improvement in the quality of wall motion 
abnormalities and estimation of systolic function [23].

The role of MCE in the setting of suspected acute myo-
cardial infarction has been well established. Kaul et al [24] 
in a study involving 203 patients demonstrated the superior 
role of MCE in the evaluation of acute coronary syndrome 
in the emergency department compared with routine clini-
cal evaluation. Tong et al [25] have shown that the determi-
nation of regional function and myocardial perfusion with 
MCE is superior to Thrombolysis in Myocardial Infarction 
(TIMI) score for diagnosis and prognostication in patients 
presenting to the emergency department with chest pain and 
a nondiagnostic electrocardiogram. The incremental value 
of determining the regional function and myocardial perfu-
sion with MCE is further established by Rinkevich et al [26] 
in a study involving the 1017 patients being evaluated for 
chest pain in the emergency department. In acute myocar-
dial infarction, MCE can define the risk area [27] confirm 
the success of the reperfusion [28, 29] and residual infarct 
size [3] (via no re-flow phenomenon). It can also be used to 
assess the presence and extent of collateral perfusion dur-
ing acute coronary occlusion and its impact on myocardial 
viability [30, 31]. MCE has also been used successfully for 
the detection of stable chronic coronary artery disease in the 
absence of prior infarction [32, 35].

Potential Role of Contrast Echocardiography 
in Hypertensive Heart Disease
  
Hypertensive heart disease comprises a wide spectrum of 
adverse alterations in cardiovascular structure and function 
attributable to hypertension and which predispose patients to 
premature morbidity and mortality. This spectrum includes 
left ventricular hypertrophy, left atrial enlargement, aor-
tic root dilatation, aortic dissection, vascular hypertrophy, 
reduced arterial vascular compliance, asymptomatic and 
symptomatic LV systolic dysfunction, diastolic heart fail-
ure, coronary microvascular disease, atrial and ventricular 
arrhythmias and sudden cardiac death [36-39]. By conven-
tion, obstructive epicardial coronary artery disease, although 
a known complication of hypertension is not considered in 
the spectrum of hypertensive heart disease. Echocardiogra-
phy has been ideal in the assessment of the majority of these 
conditions. Contrast echocardiography provides a potential 
unique opportunity for further assessment of these condi-
tions in 4 main scenarios as shown in (Fig. 1)

Left ventricular hypertrophy is a common cardiac com-
plication of chronic hypertension. It is also a powerful, in-
dependent marker of increased risk for cardiovascular mor-

tality and death from all causes in both men and women 
[40-42]. Echocardiography is more sensitive than ECG and 
may detect LVH in 13-24% of men and 20-45% of women 
with mild hypertension in whom LVH is virtually absent in 
ECG [43]. Although echocardiography detects LVH in fewer 
than 12-30% of unselected patients with mild, uncompli-
cated hypertension, it is estimated that up to 60% of adult 
hypertensive patients referred to tertiary care and special-
ized hypertension centers and 90% of patients with chronic 
severe or malignant hypertension may have LVH [44, 45]. 
An important limitation in the routine assessment of LVH is 
poor endocardial definition rendering the primary measure-
ments of wall thicknesses and chamber dimension imprecise. 
Chamber opacification and improved endocardial border de-
lineation during echocardiographic contrast injection will 
help improve primary measurements and facilitate reliable 
determination of LV mass and chamber geometry.

Chamber opacification and enhanced endocardial bor-
der definition will also facilitate reliable calculation of left 
ventricular ejection fraction and systolic performance. These 
data are essential to the proper diagnosis as well as progno-
sis in hypertensive heart disease. Even minimally depressed 
LV ejection fraction is important to confirm in the hyperten-
sive patient. It represents an important phase in the spectrum 
of cardiac damage from hypertension. Left untreated, even 
minimally depressed systolic function invariably progresses 
to symptomatic heart failure because of the activation of 
neurohormones that further hasten adverse ventricular re-
modeling. Survival is significantly reduced (15-18%) at 2 
years in patients with asymptomatic LV systolic dysfunction 
[46, 47]. Symptomatic heart failure with significant reduc-
tions in LV ejection fraction is a common finding in hyper-
tensives. Considered as the sole etiology, hypertension ac-
counts for a significant proportion of heart failure etiology in 
both men and women [48]. In a report on the 14-year (mean) 
follow-up of 5143 subjects without previous heart failure, 
hypertension was present in 91% of the 394 subjects who 
developed heart failure [49]. In 59% of women and 39% of 
men, hypertension was the primary etiology for the incident 
heart failure [49]. All recent guidelines for the evaluation 
and management of heart failure call for objective assess-
ment of LV ejection fraction [50-53]. Echocardiography has 
been the preferred modality. In individuals with suboptimal 
echocardiograms, the use of echocardiographic contrast may 
obviate the need to refer for a second study (such as radio-
nuclide ventriculography) for the non-invasive assessment 
of LV function.

In hypertensive patients with symptoms of heart failure 
but preserved LV systolic function and no evidence of valvu-
lar, pericardial or primary myocardial disease, LV diastolic 
dysfunction is an important condition and commonly, the 
culprit. In addition to confirming a normal LV ejection frac-
tion and excluding structural heart disease, the demonstra-
tion of abnormal trans-mitral Doppler spectrum is important 
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for echocardiographic diagnosis. However, a pseudo-normal 
Doppler spectrum may be seen when abnormalities of re-
laxation, compliance and restrictive physiology coexist. The 
use of Valsalva maneuver and a careful recording of the pul-
monary vein Doppler spectrum can help unmask diastolic 
dysfunction [54-56]. In patients with suboptimal imaging 
and recording of the pulmonary venous spectrum, the use of 
echocardiographic contrast allows this useful information to 
be obtained from the transthoracic echocardiogram.

Contrast Echocardiography in the Coronary 
Microcirculation and Myocardial Perfusio 

Myocardial contrast echocardiography is an ideal imaging 
tool for the assessment of coronary microcirculation [57]. 
MCE can define vessels with a diameter < 10 μm and thus is 
superior to coronary angiography (which can define vessels 
>100 μm in diameter) in demonstrating collateral circulation 
[58, 59].This potential application of myocardial contrast 

Figure 1. Application of contrast echocardiography in patients with systemic hypertension and hypertensive heart disease.
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enhancement in the study of coronary microcirculation and 
perfusion in the beating heart has heightened the interest in 
MCE in the study of hypertensive heart disease.

Microvascular flow may be abnormal in hypertensive 
heart disease especially in the setting of LVH, and may in-
deed produce angina symptoms even in the absence of sig-
nificant epicardial coronary artery disease. By defining the 
region of abnormal microvascular flow or perfusion with 
MCE, it is possible to quantify the extent of myocellular 
damage [29, 60]. The extent of microvascular perfusion is an 
index of myocardial viability and can be used to further as-
sess and risk stratify patients with hypertensive hypertrophic 
cardiomyopathy, particularly in the absence of significant 
epicardial coronary artery disease. Because of the limitation 
of coronary angiography in assessing flows in minute ves-
sels, it is unable to predict microvascular perfusion patterns. 
The ability of MCE to accurately define relative myocardial 
perfusion has been successfully employed in assessing isch-
emia/reperfusion, myocardial recovery following percuta-
neous coronary interventions and also by surgeons during 
anterograde cardioplegia delivery through the cross-clamped 
aorta [58, 61, 62] or to assess adequacy of revascularization 
in the operating room.

Myocardial contrast echocardiography is able to dem-
onstrate, not only the presence or absence of microvascular 
perfusion, but can quantify myocardial blood volume and 
microvascular reserve [63, 64]. When applied to patients 
with hypertensive heart disease, this information can be used 
for risk stratification of patients and also in quantification of 
risk as well as the effects of different risk management strat-
egies on prognosis. Analogous to the application of nuclear 
perfusion techniques in patients with CAD, MCE can po-
tentially be used to study rest and hyperemic microvascular 
flows in patients with hypertensive heart disease. The spatial 
extent and amount of myocardium susceptible to abnormal 
microvascular flows can form the basis for risk stratification, 
management and prognostication of patients with hyperten-
sive heart disease, particularly in the absence of significant 
epicardial coronary artery disease.

Coronary blood flow reserve (expressed as the ratio of 
hyperemic to basal flow) is dependent on the inherent va-
sodilatory properties of the coronary microvasculature [58] 
and blood viscosity. Abnormal coronary flow reserve can oc-
cur in patients in with hypertensive heart disease in the ab-
sence of epicardial coronary artery disease. Several studies 
have documented abnormal coronary blood flow reserve in 
patients who have risk factors for CAD in the absence angio-
graphically evident coronary artery disease [65]. Abnormal 
coronary blood flow reserve in hypertensive heart disease is 
primarily due to abnormal microvascular flow reserve which 
is impaired in patients with hypertensive heart disease. The 
degree of impairment is related to the severity of hyperten-
sive heart disease. Changes in microvascular flow reserve 
occur predominantly at the level of the capillaries. Hyperten-

sion causes damage to the capillaries in the myocardium re-
sulting in either anatomical or functional loss. Hypertension 
induced damage to the capillaries (anatomical or functional) 
result in the recruitment of less number of capillaries during 
exercise and explains  the  reduced coronary flow reserve and 
the resultant episodes of recurrent exercise induced ischemia 
in the absence of coronary stenosis [66]. There is currently 
no universally accepted non-invasive diagnostic modality for 
assessment of microvascular coronary flow reserve. Pharma-
cologically induced hyperemic flows can be directly assessed 
by MCE and gives a physiologically appropriate evaluation 
of microvascular flow reserve and collateral circulation [67-
70]. Proper serial evaluation of microvascular flow reserve 
in patients with hypertensive heart disease can potentially be 
performed rapidly and noninvasively utilizing MCE. Infact, 
in a study, using peripherally administered contrast agent, 
Mills et al [69], demonstrated that myocardial contrast echo-
cardiography with harmonic imaging, was useful in mapping 
the spatial distribution and time course of coronary collateral 
development in an ischemic bed. This observation suggests 
that MCE could become a potentially viable modality for 
the serial evaluation of time course of disease progression 
and response to therapeutic interventions. The portability of 
this technique, absence of radiation exposure and the ease 
of performance of MCE compared to coronary arteriography 
and radionuclide procedures, makes it a preferred modality 
for serial evaluation of disease and intervention. Addition-
ally, coronary arteriography and competing radionuclide 
techniques such as SPECT and PET imaging are limited in 
spatial resolution and thus suboptimal for evaluation of mi-
crovascular disease or time course changes related to disease 
progression or intervention. MCE can also be performed re-
petitively without the need for invasive coronary manipula-
tion or radiation exposure thus making it the ideal technique 
for safely monitoring the progression of disease or improve-
ment resulting in various intervention strategies.

Future Prospects and Applications 

Currently, only 2 contrast agents (Albunex and Optison) are 
approved for use in the USA by the Food and Drug Adminis-
tration (FDA). These agents are approved for the indication of 
left ventricular opacification and enhanced endocardial bor-
der delineation, but not for myocardial perfusion. In line with 
earlier observations by Marwick et al [13], review of phase 
III clinical trial data on the use of Optison and other contrast 
agents have revealed significant qualitative improvement in 
about 50% of the images [71]. The use of contrast agents 
particularly in those with suboptimal echo study, therefore, 
could significantly enhance the quality of ultrasound images, 
improve diagnostic accuracy, reduce downstream testing and 
associated costs, and potentially improve patient outcome.

Perhaps, the most promising future application of myo-
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cardial contrast echocardiography is in the routine clinical 
evaluation of myocardial perfusion, coronary, and intramyo-
cardial blood flow. It is expected however that, that with the 
level of interest and research currently in progress, our un-
derstanding of ultrasound-contrast interaction will witness 
an exponential growth and would spur refinements in ma-
chine technology that ultimately will lead to routine clinical 
application of this technique in patients with microvascular 
disease such as those with Hypertensive Heart Disease.

Conclusion 

MCE will undoubtedly continue to gain prominence in the 
evaluation and management of cardiovascular diseases. It is 
uniquely positioned to fill a major void in the non-invasive 
assessment of microvascular flows particularly in patients 
with hypertensive heart disease and associated co-morbid-
ities. With continued progress and refinements in acoustic 
technology and contrast agents, these potential applications 
will soon be translated to routine clinical use.
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