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Since its introduction by Edler and Hertz, echocardiography 
has become the main test of cardiologic propedeutic. Over 
the last 50 years, its evolution has been remarkable, from 
A-mode, M-mode, two-dimensional and Doppler images 
to modern three-dimensional reconstructions and softwares 
for studying myocardial deformation currently used. For this 
reason, echocardiography can provide diagnostic data and 
important prognostic information in virtually all heart diseases.1

One of the major advances in echocardiography was the 
recognition of substances capable of increasing the ultrasound 
signal for better visualization of cardiac structures, popularly 
known as “echocardiographic contrasts.” Its beginning dates 
back to the late 1960s, with the first experience reported on 
the use of agitated saline solution associated with cardiac 
ultrasound.2 This technique (agitation of a saline solution so 
that it is aerated, allowing an increase in sound reflection) is 
still used to detect intracardiac communications. Still, it has as 
drawbacks the poor intravascular stability of the solution and 
the fact that air bubbles are eliminated from the body during 
the passage of blood through the lungs, thus preventing its 
use for visualization of structures of the left heart when the 
agitated saline solution is administered in a peripheral vein.3

However, the emergence of industrially manufactured 
second-generation echocardiographic contrast media 
consolidated the use of these substances in echocardiographic 
practice. These compounds correspond to stabilized 
microparticles of gas, which, once inside the intravascular 
environment, do not change blood circulation, as they are 
smaller than red blood cells and capillaries. In addition, they are 
stable and can be injected into a peripheral vein, passing intact 
through the pulmonary circulation, allowing left ventricular 
opacification and the detection of myocardial perfusion.4-6 
These characteristics give high security to ultrasound contrast 
media, associated with a great improvement in image quality, 
increasing diagnostic accuracy.7

The ability of current echocardiographic contrast media 
to allow clearer visualization of the separation between the 

blood and the adjacent myocardium is due to a property of 
these molecules, which undergo volumetric oscillation when 
subjected to ultrasonic energy. This fact accentuates the 
reflection of sound through the return to the emitting source 
of sound waves in their fundamental frequency and harmonic 
frequencies. On the other hand, high-intensityultrasonic 
energy pulses applied to these contrasts lead to inertial 
cavitation, that is, violent expansion and collapseof these 
microparticles, generating local pressure oscillationand 
strong shock waves in the intravascular environment. Inertial 
cavitation is the physical basis for the phenomenon of 
sonothrombolysis, which corresponds to the capacityof high-
energy ultrasonic pulses, associated with the presence of 
echocardiographic contrast, to lead to thrombus dissolution.8 
This possibility was first demonstrated in animal models.9,10 
Subsequently, it was shown that sonothrombolysis helped 
dissolve thrombi and acted on the vascular endothelium and 
microcirculation, releasing vasodilating substances, including 
nitric oxide.11 This knowledge was the foundation for using 
this technique in clinical studies.

The group of Professor Mathias and his collaborators 
pioneered the development of randomized trials to test 
sonothrombolysis as an adjuvant treatment in acute 
myocardial infarction - AMI.12-14 These studies showed that 
it was possible to use commercially available ultrasound 
equipment and echocardiographic contrast media in 
patients with ST-segment elevation AMI randomized to 
receive or not sonothrombolysis, as an adjuvant treatment 
to primary angioplasty, to reduce the phenomenon 
of microvascular obstruction,12 increase the rate of 
recanalization of epicardial vessels and decrease the size 
of the necrotic area,13 as well as decrease ventricular 
remodeling and improve long-term myocardial function.14

In this edition of the Arquivos, a new piece of knowledge 
was introduced by this same group after the publication 
by Tavares B. et al.15 Using a group of 100 patients 
randomized 1:1 to primary angioplasty or angioplasty 
and sonothrombolysis, the authors demonstrated an 
improvement in the group undergoing sonothrombolysis in 
the echocardiographic index of motility and left ventricular 
perfusion in an echocardiographic evaluation performed 6 
months after the AMI. These two echocardiographic indices 
used as endpoints are known to define the prognosis in 
coronary heart disease, and their improvement in the 
group undergoing sonothrombolysis reflects the method’s 
ability to help the dissolution of thrombi in epicardial 
coronary vessels, but also to improve microcirculation.16,17 
An important aspect that we must emphasize is that the 
work by Tavares B. et al.15 has the unique characteristic of 
demonstrating the usefulness of using echocardiographic DOI: https://doi.org/10.36660/abc.20220014
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contrast in all its range of functions: ventricular opacification, 
myocardial perfusion and, finally, antithrombotic therapy.

Sonothrombolysis breaks a paradigm of cardiology. 
Certainly, not even Edler and Hertz imagined the scope 
that echocardiography would reach, which now leaves the 
merely diagnostic scope, to become an important therapeutic 
adjuvant. In a country that suffers intensely from the impact 
of obstructive coronary disease (AMI corresponded to 7.06% 
of total deaths in 2017)18 and where reperfusion therapies 
that are known to be effective (angioplasty and fibrinolysis) 
are not yet available to a large part of the population in an 
adequate time (about a quarter of patients with ST-segment 

AMI arrive at the hospital with more than 6 hours of pain),19 
the emergence of a new adjuvant therapeutic alternative can 
have a strong impact on the health of the population. Certainly, 
many questions still need to be answered: what is the impact 
of sonothrombolysis on mortality after AMI? Is there a benefit 
also for patients who underwent only fibrinolysis? Is there a 
benefit for coronary syndromes without ST-segment elevation? 
Can sonothrombolysis be started immediately after pain, still 
in the pre-hospital transport service? This path of knowledge 
will be long and will take some years. However, the work of 
Tavares B.,15 published in this edition of the Arquivos represents 
an important contribution.

1. Pear lman AS.  Celebrat ing  (More Than)  50 Years  o f  Doppler 
Echocardiography. J Am Soc Echocardiogr. 2018;31(12):1307.  doi: 
10.1016/j.echo.2018.08.002.

2. Gramiak R, Shah PM. Echocardiography of the aortic root. Invest Radiol. 
1968;3(5):356-66.  doi: 10.1097/00004424-196809000-00011.

3. Bernard S, Churchill TW, Namasivayam M, Bertrand PB. Agitated Saline 
Contrast Echocardiography in the Identification of Intra- and Extracardiac 
Shunts: Connecting the Dots. J Am Soc Echocardiogr. 2021;34(1):1-12.  doi: 
10.1016/j.echo.2020.09.013.

4. Feinstein SB, Cheirif J, Ten Cate FJ, Silverman PR, Heidenreich PA, Dick C, 
et al. Safety and efficacy of a new transpulmonary ultrasound contrast agent: 
initial multicenter clinical results. J Am Coll Cardiol. 1990;16(2):316-24.  doi: 
10.1016/0735-1097(90)90580-i.

5. Feinstein SB. The powerful microbubble: from bench to bedside, from 
intravascular indicator to therapeutic delivery system, and beyond. 
Am J Physiol Heart Circ Physiol. 2004;287(2):H450-7. doi: 10.1152/
ajpheart.00134.2004.

6. Porter TR, Mulvagh SL, Abdelmoneim SS, Becher H, Belcik JT, Bierig M, et al. 
Clinical Applications of Ultrasonic Enhancing Agents in Echocardiography: 
2018 American Society of Echocardiography Guidelines Update. J Am Soc 
Echocardiogr. 2018;31(3):241-74.  doi: 10.1016/j.echo.2017.11.013.

7. Furtado RG, Rassi DDC, Melato LH, Oliveira ACR, Nunes PM, Baccelli PE, 
et al. Safety of SF6(SonoVue(R)) Contrast Agent on Pharmacological Stress 
Echocardiogram. Arq Bras Cardiol. 2021;117(6):1170-8.  doi: 10.36660/
abc.20200475.

8. Feinstein SB. The Evolution of Contrast Ultrasound: From Diagnosis to Therapy. 
J Am Coll Cardiol. 2016;67(21):2516-8.  doi: 10.36660/abc.20200475.

9. Xie F, Lof J, Everbach C, He A, Bennett RM, Matsunaga T, et al. Treatment 
of acute intravascular thrombi with diagnostic ultrasound and intravenous 
microbubbles. JACC Cardiovasc Imaging. 2009;2(4):511-8. doi: 10.1016/j.
jcmg.2009.02.002.

10. Xie F, Slikkerveer J, Gao S, Lof J, Kamp O, Unger E, et al. Coronary and 
microvascular thrombolysis with guided diagnostic ultrasound and 
microbubbles in acute ST segment elevation myocardial infarction. J Am Soc 
Echocardiogr. 2011;24(12):1400-8. DOI: 10.1016/j.echo.2011.09.007 

11. Belcik JT, Mott BH, Xie A, Zhao Y, Kim S, Lindner NJ, et al. Augmentation of limb 
perfusion and reversal of tissue ischemia produced by ultrasound-mediated 

microbubble cavitation. Circ Cardiovasc Imaging. 2015;8(4):200279 doi: 
10.1161/CIRCIMAGING.114.002979.

12. Mathias W Jr, Tsutsui JM, Tavares BG, Xie F, Aguiar MO, Garcia DR, et al. 
Diagnostic Ultrasound Impulses Improve Microvascular Flow in Patients 
With STEMI Receiving Intravenous Microbubbles. J Am Coll Cardiol. 
2016;67(21):2506-15.  doi: 10.1161/CIRCIMAGING.114.002979.

13. Mathias W Jr, Tsutsui JM, Tavares BG, Fava AM, Aguiar MOD, Borges BC, et 
al. Sonothrombolysis in ST-Segment Elevation Myocardial Infarction Treated 
With Primary Percutaneous Coronary Intervention. J Am Coll Cardiol. 
2019;73(22):2832-42. doi: 10.1016/j.jacc.2019.03.006. 

14. Aguiar MOD, Tavares BG, Tsutsui JM, Fava AM, Borges BC, Oliveira 
MT, Jr., et al. Sonothrombolysis Improves Myocardial Dynamics and 
Microvascular Obstruction Preventing Left Ventricular Remodeling in 
Patients With ST Elevation Myocardial Infarction. Circ Cardiovasc Imaging. 
2020;13(4):e009536.   doi: 10.1016/j.jacc.2019.03.006. Epub 2019 Mar 17.

15.  Tavares BG, Aguiar MO, Tsutsui J, Oliveira M, Soeiro AM, Nicolau L, Ribeiro 
H, et al. Sonothrombolysis Promotes Improvement in Left Ventricular 
Wall Motion and Perfusion Scores after Acute Myocardial Infarction.  
Arq Bras Cardiol. 2022; 118(4):756-765.

16. Xiu J, Cui K, Wang Y, Zheng H, Chen G, Feng Q, et al. Prognostic Value of 
Myocardial Perfusion Analysis in Patients with Coronary Artery Disease: A 
Meta-Analysis. J Am Soc Echocardiogr. 2017;30(3):270-81.  doi: 10.1016/j.
echo.2016.11.015.

17. Jurado-Roman A, Agudo-Quilez P, Rubio-Alonso B, Molina J, Diaz B, Garcia-
Tejada J, et al. Superiority of wall motion score index over left ventricle 
ejection fraction in predicting cardiovascular events after an acute myocardial 
infarction. Eur Heart J Acute Cardiovasc Care. 2019;8(1):78-85. doi: 
10.1177/2048872616674464.

18. Nicolau JC, Feitosa Filho GS, Petriz JL, Furtado RHM, Precoma DB, Lemke 
W, et al. Brazilian Society of Cardiology Guidelines on Unstable Angina and 
Acute Myocardial Infarction without ST-Segment Elevation - 2021. Arq Bras 
Cardiol. 2021;117(1):181-264.  doi: 10.36660/abc.20210180.

19. Rodrigues JA, Melleu K, Schmidt MM, Gottschall CAM, Moraes MAP, Quadros 
AS. Independent Predictors of Late Presentation in Patients with ST-Segment 
Elevation Myocardial Infarction. Arq Bras Cardiol. 2018;111(4):587-93.  doi: 
10.5935/abc.20180178

References

This is an open-access article distributed under the terms of the Creative Commons Attribution License

767

https://doi.org/10.1016/j.echo.2011.09.007

