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Study Need and Importance: Recent studies sug-
gest that new technologies may tilt the risk-benefit
ratio toward intervention for asymptomatic stones
to prevent future stone events. In the present paper,
we test an investigational device that is an alter-
native to surgery for fragmenting and facilitating
clearance of small (2-7 mm), asymptomatic renal
stones in awake patients. Our office-based device
images, breaks, and repositions stone fragments
to facilitate their natural clearance using burst
wave lithotripsy to fragment stones and ultrasonic
propulsion to reposition fragments.

What We Found: Twenty participants with 31 stones
received the research procedure with 7 undergoing a
single repeat procedure. Twenty-two of 31 stones
(71%) met the primary effectiveness outcome of no
fragment > 2 mm on CT follow-up, with 17 of 31
stones (55%) reported as stone free (Table). Median
stone volume reduction (IQR) was 100% (88%-100%).
Limitations: Small calcifications that were treated
and did not pass were likely small parenchymal or
interstitial calcifications and plaques, which were
demonstrated on ultrasound or CT but were not at
immediate risk of a stone event. The study is small,
which limits information related to generalizability
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Table. Stone Outcomes

Stones (N = 31)
Primary end point: no fragments >2 mm on CT, No. (%) 22 (11.0P
Lower pole stones 12 (60)
Interpolar stones 5 (100)
Upper pole stones 5 (83.3)
Stone free, No. (%) 17 (54.8¢°
Reduction in stone volume, median (IQR), % 100 (88-100)

@ Another participant was found to be stone free on annual follow-up imaging.

of the data. For now, this ultrasound-based tech-
nology is not recommended where treatment has to
penetrate ribs, as this diminishes the focal pressure.
There is currently no restriction on patient BMI or
stone density. Multiple transducers can be intro-
duced to target stones over a range of skin-to-stone
depths.

Interpretation for Patient Care: Burst wave litho-
tripsy followed by ultrasonic propulsion was used in
a clinic setting to clear 71% of small renal stones
targeted with minimal risk or discomfort to the
awake study participants. Ultrasonic propulsion has
been cleared by the Food and Drug Administration to
facilitate passage of residual fragments, and burst
wave lithotripsy is being tested in a pivotal trial.
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Purpose: We tested feasibility of burst wave lithotripsy and ultrasonic propul-
sion to noninvasively fragment and expel small, asymptomatic renal stones in
awake participants.

Materials and Methods: Adult patients suspected of having 2- to 7-mm stones
were consented and screened for eligibility. Burst wave lithotripsy and ultra-
sonic propulsion were applied to up to 3 stones in 1 kidney of qualifying par-
ticipants for a 30-minute total exposure. Participants completed a CT scan and
the Wisconsin Stone Quality-of-Life (WISQOL) questionnaire within 90 days
before and 120 days after the procedure. Participants were contacted weekly for
3 weeks after the procedure to assess adverse events (AEs). Outcomes included
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(1) no fragment > 2 mm, (2) unanticipated health care visits, (3) change in stone volume, (4) reported AEs,

and (5) WISQOL score.

Results: Forty-one participants were enrolled between April 2023 and October 2024. Twenty-one participants
failed screening because no stones were seen, stones were too large or small, stone visibility was too deep or
obstructed, or they declined to participate. Twenty participants with 31 stones received the research procedure
with 7 undergoing a single repeat procedure. Twenty-two of 31 stones (71%) met the primary effectiveness
outcome of no fragment > 2 mm, with 17 of 31 stones (55%) reported as stone free. Median stone volume reduction
(IQR) was 100% (88%-100%). No participants returned unexpectedly for care related to the procedure. AEs were
all grade I by modified Clavien classification. WISQOL scores improved on 10 of 15 completed questionnaires.

Conclusions: Small, asymptomatic renal stones were effectively and safely removed in awake participants in

a clinic setting.

Key Words: kidney stones, ultrasound, lithotripsy

US and European guidelines recommend active
monitoring instead of surgery for small, asymp-
tomatic renal stones.'® However, US and European
guidelines cite several studies that asymptomatic
renal stones and stone fragments have about a 50%
potential to result in a stone-related event within 5
years.?3 In addition, many patients have significant
anxiety in observing small stones that would likely
be symptomatic when they pass.

Recent studies suggest that new technologies
may tilt the risk-benefit ratio toward intervention
for asymptomatic stones to prevent future stone
events. A previous randomized controlled trial
(RCT) reported that removal of secondary, small,
asymptomatic renal stones during surgery for a
primary stone reduced stone-related relapse events
by 82%.* Another previous RCT reported that ul-
trasonic propulsion to facilitate passage of residual
stone fragments < 5 mm reduced relapse by 70%
with only nonsignificant transient AEs reported.®

In this study, we test an investigational device
that is an alternative to surgery for fragmenting and
facilitating clearance of small (2-7 mm), asymptom-
atic renal stones. Our office-based ultrasound system
images, breaks, and repositions stone fragments to
facilitate their natural clearance using burst wave
lithotripsy (BWL) to fragment stones and ultrasonic
propulsion to reposition fragments.®” Both technol-
ogies have been tested in a series of preclinical and
clinical studies and are well tolerated by awake
study participants, without anesthesia.*®1% An ul-
trasonic urinary stone propulsion device has recently
been cleared by the FDA (US Food and Drug
Administration) for the repositioning of residual
stone fragments after lithotripsy.!” This study re-
ports on the first human feasibility study of using
both technologies together to clear small, asymp-
tomatic renal stones.

MATERIALS AND METHODS

This study was a prospective, investigator-initiated, open-
label, feasibility study (ClinicalTrials.gov, NCT04796792).
The trial was approved by the WCG-IRB Institutional
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Review Board (#20210905). The investigational device was
made by the University of Washington team, and the
investigational device exemption, approved by the FDA,
was sponsored by a University of Washington investigator.
Eligibility Criteria

We enrolled ambulatory, English-speaking participants
older than 18 years with small stones identified on any
imaging. Stone characteristics were confirmed by CT
within 90 days before the investigational procedure, if not
obtained already, and participants were excluded if their
stone was < 2.0 mm or > 7.0 mm. We excluded partici-
pants with a bleeding disorder or coagulopathy or who
could not pause anticoagulant medications, those with an
untreated UTI, solitary kidney, current pregnancy, par-
ticipants with a calcified abdominal aortic aneurysm or
ipsilateral calcified renal artery aneurysm, or physician
exclusion because of comorbidity risk that would make
them a poor candidate for the investigational procedure.

Procedures

We performed a screening ultrasound examination with
the investigational device on all participants to confirm an
ultrasonic view of stones within the target depth (4-9 cm
from skin surface) unobstructed by the rib or bowel.
Participants without stone visualization were excluded. A
urinalysis was obtained within 30 days of the investiga-
tional procedure, and any infections were treated. When
appropriate, pregnancy tests were also conducted before
use of the investigational device. The Wisconsin Stone
Quality-of-Life (WISQOL) examination was administered
online or in person within 90 days of the investigational
procedure.

On the treatment day, participants were encouraged to
drink fluids before and after the study. Pain was assessed
from 0 (no pain) to 10 (maximum pain) before and after the
investigational procedure, and the participants’ skin at the
ultrasound transducer site was observed before and after
the procedure. During the procedure, participants under-
went continuous cardiac monitoring. Participants were
engaged to modulate their breathing pattern to maintain
the stone in the ultrasound focus, during which time
therapy was delivered and then repeated. All participants
voided during the session to measure for hematuria.

We contacted participants weekly for 3 weeks after the
procedure to assess for adverse events (AEs). AEs were
queried using a script of 10 common surgery and stone-
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related symptoms, along with any other reported
events.'® CT imaging was obtained within 120 days after
the procedure to detect hydronephrosis or hematoma and
to measure residual fragment size. A second WISQOL
questionnaire was obtained at approximately 120 days
after the procedure. Participants could undergo a single
re-treatment of any residual fragments > 2 mm.

Stone volume before and after was calculated from the
3-axis measurement of stone size from the CT examina-
tions assuming an ellipsoid. CT stone density, which was
based on the average Hounsfield units, was measured in
the axial plane by a circle or oval filling the stone. He-
maturia was graded by color on a 0-10 scale.’® An inde-
pendent radiologist blinded to the treatment parameters
adjudicated the imaging data, and an independent data
safety monitoring board of 3 urologists and a statistician
adjudicated the safety data blinded to patient identifica-
tion. A stopping rule was in place if any device-related
significant AEs were detected. As part of their standard
clinical care, all participants were offered metabolic
evaluation and education on appropriate dietary, medical,
and fluid consumption interventions for stone prevention.

Intervention

The investigational device included a central, in-line
commercial imaging transducer coaxially aligned with a
surrounding, 65-mm diameter, annular therapy trans-
ducer.” The entire assembly was hand-held. The device
operated similarly to a diagnostic ultrasound instrument.
Gel and transducer were placed against the participant’s
skin, and the target was visualized with conventional
ultrasound imaging techniques and positioned within the
target zone. Separate transducers were available
depending on the stone depth and stone size.

When triggered by an operator-controlled switch, BWL
or ultrasonic propulsion pulses were applied. BWL pulses
were at a nominal frequency of 380 kHz or 650 kHz, at a
pulse repetition rate of 10 Hz, and contained 20 to 50
cycles. The pulse amplitude ranged from 4 to 8 MPa in
situ. The higher, 650-kHz, frequency transducers were
used on stones or fragments estimated to be 3 mm or
smaller.2? Ultrasonic propulsion pulses were at a nominal
frequency of 380 or 650 kHz, at a pulse duration up to
25 ms, and at a duty factor of 25% or 50%. The pulse
amplitude ranged from 1.2 to 2.4 MPa in situ (50-200 W/cm?
in intensity). A single ultrasonic propulsion pulse ensemble
could be delivered up to 3 seconds. The combination of BWL
and ultrasonic propulsion pulses could be delivered up to a
total exposure of 30 minutes.

The therapy pulses were interleaved with imaging
pulses for real-time image guidance. Ultrasonic propul-
sion pulses at the lower settings were delivered approxi-
mately every 5 minutes of BWL delivery with the intent to
stir-up but not displace fragments. Once the BWL portion
of treatment was felt to be complete, a final series of ul-
trasonic propulsion pulses at higher settings were delivered
to push the fragments toward and into the ureter to facili-
tate passage and to assist with end point determination.

Up to 3 stones in 1 kidney could be targeted in a single
30-minute session. Participants were most often posi-
tioned in a lateral decubitus position and the transducer
on their abdomen under the ribs; however, several
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participant and transducer positions were used during the
study. Toward the end of the treatment session, the
participant often was positioned in mild Trendelenburg
(head down) while delivering ultrasonic propulsion pulses
to aid in fragment clearance from lower pole calyces.?!

Outcomes

The primary effectiveness end point was the number of
stones absent or < 2 mm on postprocedure CT imaging.
Other outcomes included (1) occurrence of unanticipated
health care visits related to the procedure, (2) change in
stone volume between pre- and post-CT imaging, (3) all
reported AEs, and (4) change in WISQOL score after vs
before the procedure. Hematuria score, pain level before
and after the procedure, tolerance and completion of the
procedure, and cardiac arrythmias correlated with BWL
pulses were also noted.

Statistical Analysis

Sample size was duplicated from previous feasibility
studies; no formal power analysis was conducted. Descrip-
tive statistics were used to tabulate the results.

RESULTS

Participant Disposition and Baseline
Characteristics

The trial was conducted from April 3, 2023, through
October 21, 2024. A total of 41 participants were
enrolled (Figure). Twenty-one participants were
withdrawn from the study for the reasons listed.
Complete end point data were available from all
participants except for 3 participants who failed to
complete either the preprocedure or postprocedure
WISQOL questionnaire.

Twenty participants and 31 stones received the
research procedure (Table 1). There were no His-
panic participants. Otherwise, the group was
representative of the population following up from

Enrollment {
Allocation

Consented (n=41) ]
|
Untreated - failed screening ultrasound (n=19)\
no stones seen (n=7)
stones too large or too small (n=9)

deep stones or obstructed view (n=3)
Untreated - elected not to participate (n=2)

Received investigational procedure (n=20) /

T

5
Follow-up All but WISQOL complete (n=20)

Incomplete WISQOL (n=3)

W,
T
~
- Effectiveness analyzed (n=20)
Safety analyzed (n=20)

WISQOL analyzed (n=17) )

Figure. Enrollment. WISQOL indicates Wisconsin Stone Quality-
of-Life.

Copyright © 2025 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.


https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D41%26pageCount%3D7%26copyright%3D%26author%3DJonathan%2BD.%2BHarper%252C%2BBarbrina%2BDunmire%252C%2BJeff%2BThiel%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D214%26issueNum%3D1%26contentID%3D10.1097%252FJU.0000000000004533%26title%3DFacilitated%2BClearance%2Bof%2BSmall%252C%2BAsymptomatic%2BRenal%2BStones%2BWith%2BBurst%2BWave%2BLithotripsy%2Band%2BUltrasonic%2BPropulsion%26numPages%3D7%26pa%3D%26oa%3D%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D47%26publicationDate%3D03%252F17%252F2025

FACILITATED CLEARANCE OF SMALL, ASYMPTOMATIC RENAL STONES 45

Table 1. Baseline Clinical Characteristics

Table 3. Participant Outcomes

Participants (N = 20)

Participants (N = 20)

Age, median (IQR), y 47 (35-60)
Female sex, No. (%) 9 (45)
Left side, No. (%) " (55)
Race, No. (%)

White 15 (75)

Black/African American 2 (10)

Asian 3 (15)
BMI, median (IQR), kg/m? 25.2 (22.7-26.4)
Stone composition, No. (%)

Calcium oxalate 7 (35)

Calcium phosphate 2 (10)

Unknown " (55)
CT density, median (IQR)?, HU 538  (437-748)
Stone dimension, median (IQR)?, mm 55 (45-6.1)

Stones (N = 31)

Lower pole location, No. (%) 20 (64.5)
Interpolar location, No. (%) 5 (16.1)
Upper pole location, No. (%) 6 (19.4)
CT density, median (IQR)°, HU 455 (341-730)
Stone dimension, median (IQR)°, mm 47 (35-5.7)

Abbreviations: HU, Hounsfield units.

Data were obtained from the participants' medical records.
# Largest stone per participant.

® Every treated stone.

stone surgery (Supplementary Material: Table S1,
https://www .jurology.com).

Outcomes

The primary effectiveness end point was met in 22
of 31 stones (71.0%; Table 2) and 12 of 20 partici-
pants (60%). These primary results include 6 of 8
participants (75%) with multiple stones achieving
success, and of the 7 re-treated participants, 3 (43%)
achieved the primary end point. All stones showed a
reduction in volume. Stone fragmentation and
repositioning could be observed with the real-time
ultrasound imaging, as shown in the Supplemen-
tary (recorded) Video.

No participants returned for care because of the
device or procedure. All AEs were self-resolving and
classified as Clavien-Dindo grade I (Table 3). No
treatments were stopped early, and no cardiac
arrythmias related to the procedure were observed.
There were no emergency department visits due to
any stone-related symptoms. One participant with a
history of UTIs was given antibiotics after the

Table 2. Stone Outcomes

Stones (N = 31)
Primary end point: no fragments >2 mm, No. (%) 22 (71.0¢
Lower pole stones 12 (60)
Interpolar stones 5 (100)
Upper pole stones 5 (833
Stone free, No. (%) 17 (54.8f
Reduction in stone volume, median (IQR), % 100 (88-100)

2 Another participant was found to be stone free on annual follow-up imaging.
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Primary safety end point: return for care, No. (%) 0
Significant adverse events or Clavien-Dindo
grade >, No. (%)

AEs (Clavien-Dindo grade 1), No.2 (%)° 18 (90)
Potentially device-related AEs (mild, grade 1),
No? (%)
Hematuria 16 (80)
Pain " (55)
Nausea 2 (10)
Skin bruise 2 (10
Vomiting 1 (5)
Urinary frequency 1 (5)
Constipation 1 (5)
Hematuria score, median (IQR) 2 (0.75-4)
Improvement on WISQOL, No. (%) 10° (66.7)°

Abbreviations: AEs, adverse events; WISQOL, Wisconsin Stone Quality-of-Life.
2 Seventeen participants completed both the preprocedure and postprocedure
Wisconsin Stone Quality-of-Life questionnaire.

® Participants could have more than 1 adverse event.

°One participant showed no change and 4 showed worse scores.

procedure despite a negative urinalysis. Four par-
ticipants reported mild increase in pain from 0 to
0.5, 2, 2, and 3 (on a scale of 10) after the procedure
and 1 participant reported a decrease in pain from 5
to 4. No cases of hydronephrosis or hematoma were
identified in the follow-up imaging.

DISCUSSION

BWL and ultrasonic propulsion were successful in
fragmenting and clearing small kidney stones, in
awake participants in a clinic setting. Seventy-one
percent of treated stones were comminuted to
< 2 mm fragments or to stone free as demonstrated
on postprocedure CT. Three of 7 re-treatments met
the outcome, which may indicate that a longer
treatment or a shift in dose parameters could lead to
even higher success rates. In addition, the proced-
ure was tolerated by all participants without anes-
thesia or medication. There were no serious AEs,
and all AEs were transient Clavien grade I events.
Only 4 of these generally asymptomatic partici-
pants reported any increase in discomfort imme-
diately after treatment. One participant reported
discomfort for shorter than 48 hours with fragment
passage but did not present to the emergency
department.

There is no direct comparison of effectiveness
outcome to the standard of care because this study
included stones not typically indicated for stone
surgery. The median stone size at the participant
level was slightly below 6 mm, which is commonly
the threshold size for surgery because smaller
stones are more likely to spontaneously pass. As
noted in the Introduction though, US and European
guidelines report that asymptomatic renal stones
and stone fragments not indicated for surgery have
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approximately a 50% potential to relapse within 5
years. The end point of < 2.0 mm residual frag-
ments on CT is a stringent standard not commonly
used but potentially appropriate for small stones.
The risk is that the apparent small stones are
actually small parenchymal or interstitial calcifica-
tions and plaques, which are demonstrated on ul-
trasound but are not at immediate risk of a stone
event. Finally, 65% of the stones treated were lower
pole, and not surprisingly, the success in this group
was lower, similar to standard-of-care procedures.
Given these qualifiers, in comparison, the reported
success rate for shock wave lithotripsy measured by
varying metrics is 30% to 70% for kidney stones of
various sizes.'?

The trial was constructed as a short-term feasi-
bility study, in anticipation of a larger efficacy trial.
There was no control group, and we do not know
whether treated or untreated participants would
have gone on to require additional care or surgery
or would have spontaneously passed their stones.
The study is small, but for its size, had good
demographic representation. The safety data
added to a database of now over 200 study par-
ticipants who have undergone a procedure with
these investigational technologies without a serious
AE. Although arrythmias are associated with up to
20% of shockwave lithotripsy procedures,'® none
have been reported with BWL. In addition, although
not a focus of this study, the technologies have been

tested by several users including sonographers,
urologists, and emergency medicine doctors. The
results suggest there is a potential to prophylacti-
cally treat asymptomatic small renal stones with
little risk and reasonable expectations of success.
The next phase of testing will include an RCT and a
separate study of treating small, asymptomatic
renal stones in a spinal cord injury population. If
ultimately demonstrated to be effective in a larger
cohort, the combined therapies of BWL and ultra-
sonic propulsion could be a safe and noninvasive
treatment option to minimize the morbidity of kid-
ney stones.

CONCLUSIONS

BWL followed by ultrasonic propulsion was used in
a clinic setting to clear 71% of small renal stones
targeted with minimal risk or discomfort to the
awake study participants.
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