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Urinary Stone Disease (USD)

1. USD:  2nd most costly benign 
urologic condition in the US 
(>$2B/yr)

2. Laser lithotripsy (LL): 
treatment of choice for USD

3. Despite rapid advances in LL 
technologies, fundamental 
knowledge of LL has not 
changed in the past decades



Stone Damage in LL
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Conventional Theory: Photothermal ablation dominates; cavitation damage is negligible
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Parallel fiber experiments confirm cavitation damage in LL
- when the photothermal ablation mechanism is virtually eliminated

New Evidence – Part II

Fragmenting Mode (0.8 J and 10 Hz) SD: standoff distance
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OCT: Optical Coherence Tomography



Cavitation Damage Mechanism During LL

Photoelastic Imaging

Hydrophone measurements show weak 
shock wave emission upon bubble collapse

Photoelastic imaging demonstrates stress 
concentration at bubble collapse site in the stone

Science Advances 2020; 6: eaax6192
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Bubble activity

Ultrasonic Detection of LL-induced Bubble In Vivo
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Conclusions
1. Re-evaluate comprehensively the mechanism of stone damage in LL

2. Besides photothermal ablation, cavitation (asymmetric bubble collapse with
microjet impact) plays a significant role in stone damage during LL

3. This paradigm-changing observation opens up opportunities for improving LL
treatment efficiency and patient outcomes based on optimization of bubble
dynamics, instead maximizing laser energy delivery to the stone

4. A multidisciplinary collaboration is urgently needed to advance the knowledge
and technology development in LL to benefit the clinical treatment of USD
patients in the new era of LL


