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owards controlled gas release from hard-shelled microbubbles

he dissolving time of gas bubbles is related to the hydrostatic pressure. A noninvasive ethod for blood pressure assessment would be the measurement of the acoustic sponse from a dissolving bubble population. For noninvasive methods, free gas bbles have to be delivered to a region of interest. Hard-shelled ultrasound contrast bbles might act as the vehicles to deliver the gas. Upon insonification, the gas would en be released from their encapsulation and immediately be subjected to the local drostatic overpressure. The ultrasound-induced release of gas from an encapsulated icrobubble has been referred to as 'sonic cracking'. In this study, we visualize the lease and the dissolution of air bubbles after sonic cracking.

The Brandaris-128 captured sequences of 128 image frames at speeds up to 15 million frames per second. Typical frame sizes correspond to 89×68 µm 2 . In all observations, image frames were captured before, during, and after ultrasound insonification. Two agents were insonified either by 6 or 8 cycles of 500 kHz ultrasound, or by 8 cycles of 1.7 MHz ultrasound. For both frequencies, peak acoustic pressures corresponded to mechanical indices in the range 0.3<MI<1.9. n example of the sonic cracking of a uantison™ bubble, captured at 10 million ames per second (frames: 19 × 19 µm 2 ). as is seen to escape from a ø 4.3 µm helled bubble in the third frame. Apparently, e shell is too rigid to be seen expanded. he free gas expands to ø 12.3 µm in the ighth frame, after which it contracts and etaches.

Gas release from a PB127 contrast microbubble at 1.7 MHz (frames: 46×30 µm 2 @ 10 MHz). After release (first three rows), the free gas bubbles interact, until one free gas bubble remains (last row).

Three PB127 bubbles and one released gas bubble (left). After 100 ms, the released gas bubble has disappeared (right). Each frame corresponds to a 23×23 µm 2 area.

For both agents, the percentage of released gas bubbles is greater at 1.7 MHz than at 0.5 MHz insonification.

Size distribution of released gas from PB127. For both frequencies, most released gas bubbles have equilibrium diameters between 1.25 and 1.75 µm.

We can only speculate on why certain bubbles crack while others stay intact. Tiny flaws in the shells may account for this observation. Such flaws are apparent formed or widened during ultrasound insonification, causing the bubble to crack during a subsequent ultrasonic burst. The difference in average cracking percentage observed between 0.5 MHz and 1.7 MHz, may lie in the proximity of the resonance frequency o the agent to the insonifying frequency.

The disappearance time of the fundamental acoustic response of an ensemble of PB127 microbubbles lies between 50 and 100 ms after transmission of a highamplitude ultrasonic burst. These dissolution times correspond to released gas bubbles with diameters around 4 µm. These large bubbles might be formed b coalescence of released gas bubbles or fragments.

We frequently observed coalescence of released gas bubbles.