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Abstract

Introduction: A noninvasive tool to reposition kidney stones could have significant impact in the management of
stone disease. Our research group has developed a noninvasive transcutaneous ultrasound device. A review and
update of the current status of this technology is provided.
Discussion of Technology: Stone propulsion is achieved through short bursts of focused, ultrasonic pulses. The
initial system consisted of an eight-element annular array transducer, computer, and separate ultrasound im-
ager. In the current generation, imaging and therapy are completed with one ultrasound system and a com-
mercial probe. This generation allows real-time ultrasound imaging, targeting, and propulsion. Safety and
effectiveness for the relocation of calyceal stones have been demonstrated in the porcine model.
Role in Endourology: This technology may have applications in repositioning stones as an adjunct to lithotripsy,
facilitating clearance of residual fragments after lithotripsy, expelling de novo stones, and potentially re-
positioning obstructing stones. Human trials are in preparation.

Introduction

All minimally invasive therapies to treat stones
have the potential to leave residual stones or fragments,

which may grow and require retreatment in up to one-fifth of
patients with long-term follow-up.1–6 Small asymptomatic
stones that are followed rather than treated may also ulti-
mately require intervention.7 Likewise, patients presenting
with an acute obstructing stone and signs of infection, he-
modynamic instability, renal insufficiency, or intractable
nausea or pain, may require an urgent procedure to provide
drainage of the obstructed kidney.8 Currently, the only op-
tions to relieve obstruction are surgical.

The management of residual fragments, small untreated
stones, and obstructing stones could benefit from a noninva-
sive device that could reposition stones.9 Our research group
has developed a transcutaneous, noninvasive ultrasound
prototype that uses acoustic force from focused ultrasound
waves to reposition stones.10–15 A review and update of the
current status of this technology are provided.

Discussion of the Technology

Device development: first generation model

An experimental ultrasound model was built by combining
two separate systems to drive the focused ultrasound therapy
probe and perform ultrasound imaging (Fig. 1a). Imaging was
performed with a commercial transducer (HDI P4-2; ATL/
Philips Healthcare, Andover MA) and HDI 5000 (ATL/Philips
Healthcare) ultrasound imager. Therapy was performed with a
custom 2 MHz, eight-element annular array curved to a focus
of 6 cm. Pulses were generated from synchronized outputs of
eight signals from an SC-200 radiofrequency synthesizer
(Model H-106; Sonic Concepts, Bothell, WA) amplified by 8,
100W IC-706MKIIG amplifiers (Icom�). A laptop computer
controlled the excitation timing of each element.

Feasibility of generating stone motion was first demon-
strated in a kidney phantom with 3 to 8 mm human urinary
calculi and 2.5 to 4 mm glass beads.14 A subsequent feasibility
and safety study in a live porcine model was performed with
endoscopically placed beads or human stones placed in the
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lower or interpolar calyx.13 Stones and beads were moved to
the renal pelvis and ureteropelvic junction (UPJ) in all six pigs
within 10 minutes of treatment time per stone. Stone com-
position, which included cystine, calcium oxalate mono-
hydrate, and calcium phosphate stones, did not appear to
affect the ability to reposition stones. No thermal injury was
observed, with average exposures of 325 W/cm2.

Device development: second generation model

In the current model, imaging and therapy are completed
with a single commercial ultrasound imaging probe (HDI
C5-2 or P4-1; ATL/Philips), a Verasonics ultrasound engine
(Redmond, WA), computer processor, and display monitor
(Fig. 1b). The device is portable and can be operated by a
single user. Acoustic energy is delivered in 1-second push
bursts, consisting of 250 finely focused pulses 0.1 millisecond
in duration. Each 0.1 millisecond pulse is separated by 3
milliseconds, thus energy is only being delivered during 3% of
the push burst (3% duty cycle). The interval of push bursts is
governed by software to prevent transducer probe heating.
The pressure and total energy delivered are less than that in
current shockwave lithotripsy treatments.10,11

Operation of the device is designed for a single user. The
stone is visualized using conventional real-time B-mode ul-

trasound. The user moves the crosshairs over the stone on the
B-mode image and then the push burst is triggered using a
computer mouse pad. Acoustic force is delivered to the stone
in-line with the ultrasound transducer.

Device therapeutic effectiveness and safety in porcine
model: second generation model

Live porcine animal studies have demonstrated effective-
ness in repositioning calyceal stones to the renal pelvis, UPJ, or
proximal ureter (Fig. 2).10,11 In 12 kidneys, 26 calyceal stones (2–
8 mm in size) and metalized beads (2 mm in size, 0.02 g) were
endoscopically placed in the lower or interpolar calyx. Overall,
17 stones or beads (65%) were successfully relocated. The stone
size did not appear to be associated with success. The average
procedure time for successfully repositioned stones was
14.2 – 7.9 minutes with 23 – 16 push bursts. Average dis-
placement was estimated to be 5.6 – 2.7 linear cm on fluoro-
scopic images. Histologic analyses of the kidneys demonstrated
no evidence of injury compared to control animals at maximum
clinical exposure settings with intensities of 2400 W/cm2, well
below the threshold for injury expected from therapeutic ul-
trasound (see below).15 A video of the technology used in these
experiments is under review with the Journal of Endourology,
Part B Videourology.

Injury threshold from therapeutic and supratherapeutic
focused ultrasound

Injury threshold and pattern of injury associated with the
pulsing scheme used in the animal studies has been character-
ized to determine the safe range of intensities with focused ul-
trasound.15 The first generation system (2 MHz annular array)
was required for these experiments to apply spatial peak pulse
average intensities up to 28,000 W/cm2 focused on the paren-
chyma of in vivo porcine kidneys. Three independent experts,
blinded to treatment conditions, evaluated the tissue from trea-
ted and control animals for injury. Tissue injury consistent with
emulsification, necrosis, and hemorrhage appeared to be dose
dependent with a threshold of 16,620 W/cm2, well above the
intensities generated with the second generation model (Fig. 3).

Device imaging in humans

Current commercially available diagnostic ultrasound
imagers using B-mode have variable sensitivity (19%–93%)

FIG. 2. Real-time B-mode imaging of a successfully displaced stone. The red dot indicates the selected target and blue arrow
indicates the stone in the collecting system. A burst of ultrasound pulses is applied to move the stone in a single movement
from the calyx to the proximal ureter. All motion occurs in about 1 second.

FIG. 1. (a) First generation device with HDI5000 commercial
diagnostic ultrasound imager (left), cooling system (middle),
transducer with water coupling cone (arrow), and acoustic
propulsion hardware with laptop (right). (b) Second genera-
tion device with Verasonics ultrasound engine, desktop
computer, and ATL/Philips commercial transducer (inset).
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and specificity (84%–100%) for the detection of urinary
calculi.16–22 To determine the performance characteristics
of the Verasonics imaging system, renal ultrasound images
were obtained in nine human stone formers with 17 renal
units. Ultrasound images of the upper, middle, lower poles,
and the renal pelvis/UPJ were evaluated for stones by
blinded reviewers and compared to recent CT imaging
(within 60 days), which demonstrated a total of 27 stones
with a mean size of 4.4 – 3.3 mm. The detection of these
renal stones with the research ultrasound imager had a
sensitivity of 80%, specificity of 90%, positive predictive
value of 76%, and negative predictive value of 92% with
B-mode, similar to current commercial diagnostic ultra-
sound imagers.

Role in Endourology

Focused ultrasound technology has several potential ap-
plications in the management of upper tract stones. First, ul-
trasonic propulsion may be used to facilitate the passage of
small stones that otherwise would be managed with obser-
vation. With long-term follow-up, *20% of asymptomatic
stones with mean size <6 mm passed spontaneously, while
45% remained within the kidney but enlarged, and 7% ulti-
mately required intervention.7 Most small asymptomatic
stones could be managed conservatively, but some patients
might desire a noninvasive method to facilitate stone passage
due to personal preference or occupational requirements (e.g.,
pilots). A provoked, but controlled stone event could avoid
the unpredictability of stone passage while on observation.
Using medical expulsive therapy (e.g., alpha-blockers)23–25 in
conjunction with focused ultrasound treatment might reduce
stone passage time and colic symptoms.

Second, ultrasonic propulsion may be used to treat residual
stone fragments after lithotripsy and improve stone-free rates.
Since residual fragments occur after all current surgical tech-
niques,1–5 the technology could have wide applicability. Re-

sidual stones lead to stone recurrence and require retreatment
in more than 20% of patients.1,6 This technology could reduce
the number of retreatment procedures performed.

Third, ultrasonic propulsion may be used to treat an acute
stone event due to an obstructing stone. If the stone could be
repositioned to a nonobstructing position, the definitive
treatment of the stone could be managed in the elective setting
rather than as an emergent procedure. This likely could be
performed at the bedside without anesthesia or sedation and
might reduce utilization of healthcare resources.

Fourth, ultrasonic propulsion may improve stone-free rates
with perioperative repositioning of renal stones. This tech-
nology could potentially assist with repositioning a difficult to
reach stone during ureteroscopy, especially those in the lower
pole that can be difficult to access with a laser or basket. In
addition, as stone-free rates are lower in stones located in the
lower pole,26,27 a lower pole stone could be relocated before
shockwave lithotripsy.

Lastly, ultrasonic propulsion may induce movement of a
suspected stone to distinguish true stones from renal sinus fat
and parenchymal calcifications. The improved diagnostic
accuracy could potentially prevent surgeries for false-positive
stones reported by ultrasound, and might allow increased use
of ultrasound for diagnosis and follow up of stone formers
without ionizing radiation exposure from CT imaging.

Despite the promise of this technology, several questions
remain unanswered. It is unknown if the ability to reposition
stones is the same in human subjects as in pigs or if stones can
be moved in the human ureter. Greater skin to stone distances
in humans may affect both imaging and therapeutic cap-
abilities of this device although current modifications have
allowed successful treatment at target distances of 12 cm. It is
unknown if there is an upper limit of stone size for re-
positioning due to limitations of our animal models, although
an 11 mm stone has been moved in vivo. Upper pole stones
may be difficult to move due to adjacent organs and overly-
ing ribs. Stones attached to the renal papilla or Randall’s
plaque may also be difficult to detach, although we have
moved attached stones in a separate animal model.12 Many of
these questions will be answered with clinical data, and
the technology is currently undergoing FDA approval for
human trials.

Development of this technology is with the urologist as the
end-user in mind. It is anticipated that there will be a learning
curve, and efforts are underway to develop a curriculum to
train urologists. Early feedback from experts in the field has
demonstrated a willingness to adopt this technology and
contributed toward future improvements in the prototype.
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FIG. 3. Proportion of samples demonstrating injury with
increasing spatial peak pulse averaged intensity at therapeutic
and supratherapeutic levels. The large black arrow denotes the
intensity at maximum clinical settings for stone propulsion
with the current device, well below the dose-dependent injury
threshold of >16,620 W/cm2 (dotted line). Gray arrows denote
average intensity of shock wave lithotripsy (20,000 W/cm2)
and diagnostic ultrasound (200 W/cm2) for reference.
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