23

FAHHE R 2013 5 128 : 35-40.

5

ERFLMMEZAVWV BT RMESERECEITS
R/NEWNEEEE DR

®ow D N - e

PHEREERERREER L Y ) TR E
? R R R R A e A B 5

(ZAF ¥Rk 244 10 A 16 H)

EXPERIMENTAL EVALUATION OF THE MINIMUM EFFECTIVE
ACOUSTIC INTENSITY OF SONOTHROMBOLYSIS WITH
WHOLE-BLOOD CLOTS OF PRIMATES.

Taira ZENITANI', Susumu MINaMISAWA?, and Hiroshi FURUHATA'

'Medical Engineering Laboratory, Research Center for Medical Science, The Jikei University School of Medicine.
’Department of Cell Physiology, The Jikei University School of Medicine.

Purpose: To quantitatively verify the effectiveness of transcranial sonothrombolysis with whole—blood
clots of primates in in vitro experiments.

Methods: By adding fibrinogen and thrombin to the whole blood of primates, thrombi were prepared in
Immdiameter tube. These thrombi were encapsulated in a container filled with physiological saline (control)
or recombinant tissue—plasminogen activator (rt~PA) at a concentration of 4350 IU/ml at 37°C. The
ultrasound (US) conditions were set to a continuous wave of 500 kHz and an exposure time of 60 minutes.
Acoustic intensity varied from 1 to 488 mW/cm®. Thrombus weight was measured before and after sonication.
The rate of reduction in clot weight after sonication was determined as: weight before encapsulation — weight
after US radiation/ weight before encapsulation. Reductions in clot weight were compared between rt-PA and
rt=PA + US (n = 5) by means of Williams' multiple comparison test.

Results: The rate of reduction in clot weight after sonication was significantly greater with rt-PA (45.4%
+ 5.1%) than with physiological saline (34.1% =+ 2.1%; p<0.05; Mann-Whitney U-test). Furthermore, the
rate of reduction was significantly greater with rt-PA + 18mW/cm2 US (57.8% =£ 2.8%) than with rt-PA +
ImW/cm?® US (46.7% =+ 1.2%; p<0.05). Finally, the reduction rate with rt—PA + US in the range from 18 to
488 mW/cm® was significantly greater than that with rt—PA alone (p<0.05).

Conclusions: We found that the minimum effective acoustic intensity of in vitro sonothrombolysis for
whole-blood clots of primates was 18 mW/cm® with a continuous wave of 500 kHz as a US condition.

(Tokyo Jikeikai Medical Journal 2013;128:35-40)
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Fig. 1. A: The novel TCT-LoFUT system. (a) conventional diagnostic and monitoring unit using a 2-MHz pulse waveform (PW),
based on the commercialized diagnostic equipment, EUB-6500. (b) thrombolysis unit using 500-kHz CW (c) automatic
control unit connecting alternatively (a) or (b) to a new probe.

B: The therapeutic beam recorded by Schlieren photography. The focal direction could be selected two-dimensionally + 45°
in steps of 1.5°, and the focal point could be changed by 9 steps in the range from 20 mm to 30 mm from the surface of probe
(arrows).
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Fig. 2. Experiment System for TCT-LoFUT. The container
was set in the water tank with the temperature

maintained at 37 ° C. (a) TCT-LoFUT probe. (b)
sound—absorbing foam. (¢) container and fibrin clot.
(d) thermometer.
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Fig. 3. Photo of whole blood clots of primates
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Fig. 4. A: Comparison of the rate of a reduction in clot weight under various treatments.physiological saline (Control), rt-PA alone, rt—
PA + US I mW/cm® (rt-PA + US1), rt-PA + US 18 mW/cm?® (rt-PA + US18), rt—PA + US 55 mW/cm® (rt—PA + US55), rt-PA +
US 148 mW/cm® (rt-PA + US148) + US 313 mW/cm?® (rt-PA + US313) + US 488 mW/cm® (rt-PA + US488)). There was a
significant difference between control group and rt-PA group. Although there was significant difference between rt-PA + US1
group and rt—PA + US18 group, there was no significant difference between rt—PA group and rt-PA + US1 group.
B: The relation of acoustic intensity and clot weight decrease rate in rt—PA solution
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