
PROJECT TITLE: Thrombolysis by sonication 
 
AIMS: To improve the role of thrombolytic treatment in the clinic by enhanced 
action and diminishing side effects 
 
PROJECT SUMMARY: Since thrombolytic treatment is accompanied by the risk of 
bleeding, the use of ultrasound enhanced fibrinolysis is a way of increasing the 
efficacy of fibrinolytic therapy. The development of non-invasive ultrasound 
enhancement of thrombolytic treatment started in the early 1990s. The Department of 
Cardiology in Lund was one of the early participants [1, 2]. During the 1990s, many 
in vitro and in vivo investigations showed that ultrasound enhanced treatment of 
fibrinolysis worked. The development and research in the field performed at the 
Department of Cardiology in Lund has focused the work in the high frequency area (1 
MHz). Results from our own recent studies have clarified many of the mechanisms 
involved in the field of high frequency ultrasound enhanced fibrinolysis. In one study 
it we showed that exposure of the streptokinase molecule to ultrasound modulates its 
fibrinolytic properties, resulting in both increased and decreased fibrinolytic effects. 
These effects were present during simultaneous exposure of the clot and the 
streptokinase solution as well as after pre-exposure of the streptokinase solution 
suggesting a direct effect of ultrasound on the streptokinase molecule [3].  
In a second study it was shown that pre-exposure of the reteplase solution to low 
intensity during one hour induced changes in the function of the molecule associated 
with enhanced fibrinolytic effects in the following fibrinolytic evaluation compared to 
unexposed reteplase solution. Enhancement effects occurred also when clots were 
exposed to high intensity of ultrasound before or concomitantly to exposure to 
reteplase. This suggests two different intensity-dependent mechanisms involved 
during ultrasound enhanced reteplase fibrinolysis [4]. We have also performed a pilot-
study using micro-bubbles in combination with ultrasound with the intention for use 
in the setting of ultrasound enhanced fibrinolysis. In parallel with the development of 
the method we have conducted studies of the safety using this ultrasound exposure on 
ischemic organs [5, 6]. This in combination with earlier studies in the same field from 
the Department of Cardiology [1, 2, 7-11] we think we can reach a clinical useful 
method in nearby future. However, to further optimize the method of improving 
thrombolytic drugs, it is of importance to do additional in-vitro investigations of the 
optimal ultrasound configuration. We aim at doing: 
 

• Exploration of the optimal frequency, in the range between 500 kHz to 4 
MHz.  

• Exploration of the optimal number of pulses of ultrasound needed for 
optimal effect (10 pulses (p)/ms, 20p/ms, 50p/ms 100p/ms, 500p/ms, 
1000p/ms). 

• Exploration of the optimal exposure time needed for enhanced effects of the 
thrombolytic drugs; exposure times have so far been one hour.  

 
Studies have also explored the possibility of inducing fibrinolysis without 
thrombolytic agents. Thrombolytic drugs have not been employed and only a 
combination of micro-bubbles and ultrasound has been used. This has been shown to 
be a possible way of inducing fibrinolysis. A new in-vitro method has been developed 
for this purpose and in-vitro studies using micro-bubbles in combination with 
ultrasound has started [7]. The new mechanism found in our studies, where ultrasound 



has been shown to affect biological tissue as well as chemical substances, has given 
us opportunity to develop the project further. Some of these experiments will be 
conducted in collaboration with Ass. Professor David Erlinge, Institutionen för 
Kliniska Vetenskaper, Lund; Sektion II–Kardiologi, Molekylär Kardiologi [12].  
We aim to explore:  
 
• the possibilities of using ultrasound in combination with microbubbles to 

induce thrombolysis. 
• if the destructive effect on fibrin from acetylsalicylic medication can be 

increased by ultrasound exposure. 
• if ultrasound exposure increase the release of ATP from red blood cells, with 

the effect of vascular dilatation, with intension for a treatment for ischemic 
tissue. 

 
 
CO-WORKERS 
Project leader:   Bjarne Madsen Härdig, PhD, RN 
Student:   Jenny Holmberg, Med Stud 
Collaborators:  S Bertil Olsson, Professor, Clinical Sciences, Lund, 

Department of Cardiology, Lund University 
Hans Persson, Professor, Department of Electrical 
Measurement, LTH at Lund University 
Jörgen Larsson, MD, PhD, Clinical Sciences, 
Department of Ophthalmology 

  Lars Salemark, Professor, Haukeland Sykehus, Norge 
 David Erlinge, MD, PhD, Associate Professor, Clinical 

Sciences, Lund, Department of Cardiology, Molecular 
Cardiology, Lund University,  

 
Staff:    Monica Magnusson, Research Administrator 
 
SELECTED PUBLICATIONS 
 
1. Olsson SB, Johansson B, Nilsson AM, Olsson C, Roijer A. Enhancement of 

thrombolysis by ultrasound. Ultrasound Med Biol 1994; 20:375-82. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=8085294 

2. Nilsson AM, Odselius R, Roijer A, Olsson SB. Pro- and antifibrinolytic 
effects of ultrasound on streptokinase-induced thrombolysis. Ultrasound Med 
Biol 1995; 21:833-40. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=8571471 

3. Hardig BM, Persson HW, Olsson SB. Low-energy ultrasound exposure of the 
streptokinase molecule may enhance but also attenuate its fibrinolytic 
properties. Thromb Res 2006; 117:713-20. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=15993473 

4. Hardig BM, Persson HW, Olsson SB. Direct action on the molecule is one of 
several mechanisms by which ultrasound enhances the fibrinolytic effects of 
reteplase. Blood Coagul Fibrinolysis 2006; 17:105-12. 



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=16479192 

5. Hardig BM, Persson HW, Gido G, Olsson SB. Does low-energy ultrasound, 
known to enhance thrombolysis, affect the size of ischemic brain damage? J 
Ultrasound Med 2003; 22:1301-8. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=14682416 

6. Olivecrona GK, Hardig BM, Roijer A, Block M, Grins E, Persson HW, et al. 
Can pulsed ultrasound increase tissue damage during ischemia? A study of the 
effects of ultrasound on infarcted and non-infarcted myocardium in 
anesthetized pigs. BMC Cardiovasc Disord 2005; 5:8. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=15831106 

7. Hardig BM. Ultrasound-enhanced Fibrinolysis, Pro-fibrinolytic and Non-
beneficial Effects of Ultrasound Exposure. Lund University Dissertations 
2005 2005.  
http://theses.lub.lu.se/scripta-
archive/2005/11/08/med_1204/Avhandling_final_03.pdf 

8. Nordquist J, Carlson J, Dougan P, Olsson SB, Salemark L. Does ultrasound 
influence experimentally induced thrombus formation in the central artery of 
the rabbit ear? J Thromb Thrombolysis 2000; 9:243-9. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=10728023 

9. Madsen Härdig B, Holmberg J, Olsson B. Fibrinolytic effect of streptokinase 
in vitro - inter- and intra-individual variability. Scand Cardiovasc J 2005; 
39:2-48 

10. Larsson J, Carlson J, Olsson SB. Ultrasound enhanced thrombolysis in 
experimental retinal vein occlusion in the rabbit. Br J Ophthalmol 1998; 
82:1438-40. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=9930279 

11. Holmberg J, Madsen Hardig B, Olsson B. Changes in fibrinolytic properties of 
streptokinase induced by cold storage of donor blood. Scand Cardiovasc J 
2005; 39:2-48 

12. Wang L, Olivecrona G, Gotberg M, Olsson ML, Winzell MS, Erlinge D. ADP 
acting on P2Y13 receptors is a negative feedback pathway for ATP release 
from human red blood cells. Circ Res 2005; 96:189-96. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=15604418 

 
 


	PROJECT TITLE: Thrombolysis by sonication
	AIMS: To improve the role of thrombolytic treatment in the clinic by enhanced action and diminishing side effects
	CO-WORKERS

