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Abstract 

In animal studies, transthoracic ultrasound and microbubbles have shown to dissolve thrombi 

in ST elevation myocardial infarction (STEMI). To examine this effect in patients, we have 

initiated the Sonolysis trial. In this pilot study of 10 patients with a first acute STEMI, we 

investigated the safety and feasibility of this trial. After pretreatment in the ambulance, five 

patients were randomized to receive microbubbles with three-dimensional (3-D) guided high 

mechanical index impulses (1.18) for 15 min, whereas the control group received placebo 

without ultrasound. Subsequently, primary percutaneous coronary intervention (PPCI) was 

performed, if indicated. All patients successfully underwent study treatment and PPCI. No 

significant difference between treatment and control group in safety (minor adverse events 2/5 

vs. 2/5, p = NS) and outcome (TIMI III flow 3/5 vs. 1/5 respectively, p = 0.23) was recorded. 

These results demonstrate that the study protocol is feasible in the acute cardiac care setting 

and safe during treatment and follow-up. 
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Introduction 

In general, treatment of acute ST-elevation myocardial infarction (STEMI) consists of either 

primary percutaneous coronary intervention (PPCI) or thrombolysis. Both treatment strategies 

aim at immediate restoration of coronary blood flow. Due to its higher recanalization rate and 

lower haemorrhagic complication rate, the preferred therapy according to ACC/AHA and ESC 

guidelines is PPCI.(1, 2) However, since PPCI can only be performed in specialized centers, 

thrombolysis is still the most commonly used therapy worldwide. Hence, there is an ongoing 

search for a noninvasive and easy applicable therapeutic strategy with less serious side effects 

and still based on the early restoration of coronary blood flow. Recent in vitro and in vivo studies 

have indicated that ultrasound facilitates fibrinolytic therapy.(3-5) Adding microbubbles 

enhances the fibrinolytic potency even further. Although the underlying mechanisms remain to 

be elucidated, the combination of ultrasound and microbubbles have shown to enhance clot 

dissolution in vitro, in vivo and in the treatment of stroke patients.(6-12) Until now, this therapy 

has never been tested in patients in the setting of an acute STEMI. 

We conducted a pilot study to determine the safety and feasibility of treatment with low dose 

thrombolytics in combination with ultrasound and microbubbles prior to PPCI to increase the 

epicardial recanalization rates in patients with a first acute STEMI. 

 

Methods 

As part of a feasibility study of the sonolysis project, we included patients between 18 and 80 

years of age who presented to the cardiac care unit within 6 h of onset with a first acute STEMI 

from March 2008 till December 2008. To increase the likelihood of a proximally occluded 

epicardial coronary artery, the sum of ST-elevation was required to be 6 mm or more in 

combined leads and 1 mm or more in lead V4R in case of an inferior infarction. Exclusion 

criteria were clinical instability, previous Q-wave infarction on the electrocardiogram (ECG), 

contraindications to thrombolytic therapy with alteplase (Table 1), known pulmonary 

hypertension (pulmonary artery pressure 90 mmHg) and known allergy to the microbubble 

Luminity (Bristol-Myers Squibb Medical Imaging, N. Billerica, MA, USA). 

STEMI patients were announced in our hospital through the prehospital triage system of the 

Amsterdam region.(13) The cardiology resident together with the interventional cardiologist on 

call checked the ECG, which was sent by fax from the ambulance to the receiving 

interventional center, for in- and exclusion criteria. When a patient was eligible, the ambulance 

personnel started intravenous pretreatment of the patient with a loading dose of 500 mg of 

aspirin, 5000 units of heparin and a single bolus of 50 mg of alteplase (Actilyse, Boehringer 

Ingelheim GmbH, Ingelheim am Rhein, Germany) according to the prehospital thrombolysis 

protocol.(14, 15) Instead of a full dose of alteplase, we administered a single bolus for safety 

reasons, to prevent negative side-effects as described in the PACT trial.(16) 
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Table 1. Contraindications alteplase 

 

 

At arrival in the emergency room of the intervention hospital, patients were randomized to 

either the treatment group or the control group. The treatment group received one vial of the 

commercially available microbubble Luminity (1.5 mL) (Bristol-Myers Squibb Medical Imaging). 

This vial was activated by shaking the substance using a Vialmix (Bristol-Myers Squibb Medical 

Imaging) and then diluted by adding 48.5 mL of 0.9% saline. This dilution with a total volume 

of 50 mL was intravenously administered for 15 min at a constant rate of 200 mL/h using a 

Pilot A2 continuous infusion pump (Fresenius Kabi AG, Bad Homburg, Germany) during 

guided pulsatile ultrasound application. The control group received 50 mL of 0.9% saline during 

15 min at the same infusion rate, without ultrasound. 

Ultrasound therapy was performed using the commercially available iE33 ultrasound machine 

(Philips, Best, The Netherlands). The X3-1 matrix transducer (frequency 1.6 MHz) was used 

to obtain three-dimensional (3-D) full volume images of the aortic root in the parasternal short 

axis view (Figure 1). Care was taken to include the proximal parts of the epicardial coronary 

artery system within the 30 by 60 degree pyramidal volumetric field. The mechanical index (MI) 

impulse was set to 1.18 (the highest possible MI in 3-D setting) to guarantee destruction of all 

microbubbles within the target area. The pulse repetition period was set to 28 Hz with a pulse 

duration of 1.25 ms. This resulted in a peak rarefaction pressure of 1.5 MPa and pulse average 
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intensity at maximum MI of 26 mW/cm2. The high MI impulses were applied intermittently (5 s 

on and 5 s off) to ensure the microbubbles replenished the proximal portion of the occluded 

coronary artery between impulses. To keep patients blinded, the probe was kept in place for 

15 min without applying high MI impulses in the control group. All images were acquired and 

treatment was performed by an experienced ultrasound technician. 

 

 

Figure 1. Three-dimensional (3-D) full volume ultrasound image of the aortic root (a), with a xPlane 

parasternal long axis (b) and short axis (c) view. 

 

After 15 min of treatment, all patients underwent a standard emergency coronary angiogram 

and if necessary a PPCI. Prior to the procedure another 5000 IU of heparin was given 

intravenously. The use of IIb/IIIa receptor inhibitors was given according the discretion of the 

operator. 

Following the procedure, biomarkers were measured every 6 h for the first 24 h after treatment 

and 12-lead ECG recordings were taken every 3 min during treatment, immediately after PPCI, 

1 h after PPCI, every 6 h after treatment, as well as whenever telemetric observation showed 

a rhythm disturbance. 

The protocol was approved by the medical ethics committee of the VU University medical 

center and all patients provided oral and written informed consent. To minimize the delay of 

treatment, oral informed consent was obtained at arrival in the hospital. Written informed 

consent was obtained after the PPCI procedure was ended and patients returned to the 

coronary care unit.  

Feasibility was based on successful accomplishment of the treatment protocol prior to coronary 

angiography. Safety was assessed by documenting adverse events and serious adverse 
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(cardiac) events during treatment and during a four months follow-up period. Recurrent 

myocardial infarction, repeat target vessel revascularization, major bleeding (i.e., when blood 

transfusion is needed), sustained ventricular tachycardia, ventricular fibrillation, cardiogenic 

shock, anaphylactic shock, symptomatic intracranial bleeding and death were marked as 

serious adverse (cardiac) events. 

To document the patency of the culprit vessel, the TIMI frame score was measured during the 

standard emergency coronary angiogram prior to PPCI by an independent reviewer blinded to 

the treatment protocol.(17) In short, a TIMI frame score of 0 is given when there is no antegrade 

flow beyond the occlusion of the infarct related artery. TIMI 1 is when there is minor antegrade 

flow beyond the occlusion with incomplete filling of the distal coronary vasculature. TIMI 2 is a 

sluggish antegrade flow beyond an occlusion with complete filling of the distal coronary 

vasculature and TIMI 3 is a normal coronary flow and filling of the entire coronary vasculature. 

Twelve-lead ECG registration was used to observe ST-segment resolution. Biomarkers (CK, 

CK-MB, Troponin-T) were measured to compare infarct size between both groups. 

Obtained baseline data was presented as mean ± SD. Differences between the treatment and 

control groups in baseline data, biomarkers and (serious) adverse events were assessed using 

the unpaired Student’s t-test. Obtained data were analysed using SPSS 15.0 (SPSS, Inc., 

Chicago, IL, USA). All analysis were performed based on an intention-to-treat principle. 

 

Results 

In this pilot study a total of 10 patients (eight men, two women) were included and equally 

randomized between the treatment group and control group. Baseline characteristics of both 

groups are shown in Table 2. The aortic root could be visualized in the parasternal short axis 

view in all patients. 

No serious adverse (cardiac) events occurred in patients during treatment, 24 h and 4 months 

follow-up. 

Adverse events did occur in the 24-h follow-up after treatment but were equally divided 

between both groups. Two patients had minor leakage at the injection site of the catheters 

(one in each group) but no blood transfusions were needed and two other patients experienced 

non-sustained ventricular tachycardia (one in each group). Side effects known to frequently 

occur during and after administration of Luminity (i.e., headache, back pain, flushing and 

nausea) were not reported in the treatment group (Table 3). 

Of the 10 patients, six had single-vessel disease and four had 2-vessel disease. These four 

patients were only treated in their culprit vessel. In seven patients, the culprit lesion was located 

in the left descending artery (LAD). The remaining three had their culprit lesion in the right 

coronary artery (RCA) whereas no left circumflex (LCx) occlusions were noted. The standard 

emergency angiogram prior to the PPCI revealed that three of five patients who received 
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ultrasound and microbubbles had TIMI III flow in the culprit vessel, whereas only one patient 

of the control group had complete epicardial recanalization (p = 0.23) (Figure 2). All study 

patients except one in the treatment group had a more than 70% obstruction and underwent 

PPCI. Of the nine procedures, eight were carried out successfully. One patient from the control 

group had TIMI II flow and no-reflow after PPCI. Results are shown in Table 3. 

All patients underwent PPCI within 6 h after onset of complaints. Despite a large difference in 

time from symptom onset to balloon between patients, there was no significant difference 

between the treatment group and control group. Since the time from first medical contact to 

balloon showed much less spreading, the large difference in time from symptom onset to 

balloon was mainly due to patient delay. 

None of the patients in either group had more than 50% ST resolution on their ECG after study 

treatment prior to PPCI. ECG performed 60–90 min after PPCI revealed more than 50% ST 

resolution in three of the five control patients and in all patients who received ultrasound and 

microbubbles. Of the two patients in the control group with absent ST segment resolution after 

PPCI, one demonstrated no-reflow. The angiogram of the other patient showed normal flow. 

 

 

Figure 2. Thrombolysis in myocardial Infarction (TIMI) flow grade after treatment prior to primary 

percutaneous coronary intervention (PPCI) according to the classification described in the TIMI trial.(17) 
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Table 2. Patient characteristics 

 

Treatment = infusion of microbubbles or placebo; Patient delay = time from symptom onset to first medical contact 

 

 

 

 



Pilot of the Sonolysis study 

 

123 
 

Table 3. Study results of both treatment and control group regarding TIMI flow, infarct size, ST resolution, 

(serious) adverse events and glycoprotein IIBIIIA inhibitor use 

TIMI = thrombolysis in myocardial infarction; CK = creatine kinase; CK-MBmax = maximum measured 

creatine kinase MB isoenzyme fraction; adverse events = defined as minor bleeding (i.e., no blood 

transfusion needed), non-sustained ventricular tachycardia, allergic reaction (no anaphylactic shock), 

prolonged QT time; serious adverse (cardiac) events = defined as recurrent myocardial infarction, repeat 

target vessel revascularization, major bleeding (i.e., when blood transfusion is needed), sustained ventricular 

tachycardia, ventricular fibrillation, cardiogenic shock, anaphylactic shock, symptomatic intracranial bleeding 

and death. 

 

Discussion  

This pilot study is worldwide the first to demonstrate the feasibility and safety of the therapeutic 

application of 3-D transthoracic ultrasound and the microbubble Luminity in combination with 

thrombolysis in patients with an acute STEMI. 

Safety has been a major issue in this study, especially in the light of the recent United States 

Food and Drug Administration black box warnings.(18) In this regard, it is encouraging that no 

side-effects related to the microbubble Luminity occurred in any of the studied patients at the 

time of an acute STEMI or during 24-h follow-up. Another issue regarding safety has been the 

potential delay in time from symptom onset to first balloon inflation for this patient group. 

Different in vivo studies mention treatment times from 24–60 min.(6, 7, 12, 19, 20) Since 

treatment with ultrasound and microbubbles in the ambulance was not a viable option due to 

logistic issues, study treatment was initiated on the cardiac care unit prior to PPCI. After careful 

consideration by the department of cardiology and the local ethics committee, a 15-min 

treatment time prior to PPCI was considered acceptable. Although there was no exact 
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registration of the door to balloon time, the time from receiving alteplase to balloon is known 

and due to the unique and rapid triage system in the Amsterdam region remained well under 

90 min, which is even lower than the median door to balloon time of 107 min measured in a 

recent large trial.(21) The treatment strategy proved to be safe and feasible in our clinical 

setting. Theoretically, a longer treatment time might result in higher epicardial recanalization 

rates and could, therefore, be considered a viable option when PPCI is delayed. 

In the past, Cohen and colleagues were the first to enhance fibrinolysis in patients presenting 

with an acute STEMI under influence of low-frequency ultrasound.(4) They used a specially 

designed two-dimensional (2-D) ultrasound transducer that was placed on the patient’s chest. 

In contrast to their study, where microbubbles were not used, we added microbubbles to our 

treatment protocol. This lowers the threshold for cavitation and potentially results in higher 

recanalization rates.(22) Furthermore, we used a 3-D diagnostic ultrasound transducer, which 

has a 30 by 60 degree pyramidal scan plane, enabling the sonographer to cover a larger 

treatment zone at once without missing parts of the area at risk. Therefore, we include patients 

with a large STEMI based on a proximal occlusion to ensure that the occlusion lies within the 

treatment zone. Furthermore, it facilitates an easy performance of the ultrasound treatment by 

the sonographer. 

A number of potential mechanisms have been scrutinized to elucidate the enhancement of 

fibrinolysis under influence of ultrasound and microbubbles. Wu et al. have shown that 

microbubbles in combination with ultrasound increase the local temperature, which is known 

to accelerate fibrinolysis.(23, 24) Furthermore, the local destruction of microbubbles under 

influence of high MI ultrasound causes cavitation, which locally results in microjets and 

microstreaming.(25, 26) This, together with the pressure waves generated by ultrasound may 

result in better permeation of the t-PA in the fibrin network of a thrombus.(23) The activation 

of fibrinolytic enzymes using ultrasound was demonstrated in both stroke patients and 

volunteers by Skoloudik et al.(27, 28) Besides the enhanced fibrinolysis, ultrasound and 

microbubbles have also shown to increase the nitric oxide synthase activity resulting in a 

temporal vasodilation, which ameliorates local perfusion.(29) Recently, it was shown in healthy 

volunteers that the use of ultrasound led to peripheral (capillary) vasodilation.(30) 

Interestingly, where our study mainly focuses on the recanalization of the epicardial coronary 

arteries, recent in vivo pig studies revealed that there also seems to be an improvement in 

microvascular flow, even in the absence of epicardial recanalization.(12, 31) It must be 

emphasized that we aimed at the proximal parts of the coronary arteries whereas in 2-D- and 

3-D-ultrasound pig studies the investigators aimed at the risk area seen on ultrasound. In 

addition, the effect of our therapy on the microvascular system remains speculative since there 

is no good bedside imaging tool besides contrast enhanced ultrasound to measure 

microvascular perfusion after treatment prior to PPCI. Unfortunately, the contrast enhanced 
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ultrasound could not be performed in our study since it is part of the treatment strategy. 

Nevertheless, since PPCI may be associated with no-reflow due to downstream 

microembolization (32), additional treatment with ultrasound and microbubbles might prove to 

be an adjuvant therapeutic option in the treatment of no-reflow. Further studies are warranted 

to provide evidence of benefit for these therapeutic strategies. 

Since our study was designed as a pilot study to investigate the safety and feasibility of 

therapeutic ultrasound and microbubbles in the setting of acute STEMI in patients, the group 

size is too small to provide conclusions regarding patency rates. Although a trend toward a 

higher epicardial recanalization rate in patients treated with ultrasound and microbubbles 

seems present, the Sonolysis study will provide more definite conclusions. 

In conclusion, this pilot study is the first to prove the safety and feasibility of the use of 

ultrasound and microbubbles as a thrombolytic enhancer to increase the epicardial 

recanalization rates in the setting of an acute STEMI in patients. Further inclusion of patients 

to increase the power of the study is supported by the results of this pilot study.(33) A statistical 

significant positive finding may stimulate future research and technical innovations to 

implement the treatment in the ambulance or in the emergency room when primary PCI is not 

readily available and potentially obtain patency at an earlier stage, resulting in smaller 

infarctions. 
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