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Abstract

Purpose: Proof-of-principle in vitro experiments evaluated a prototype ultrasound technology to size kidney
stone fragments.

Materials and Methods: Nineteen human stones were measured using manual calipers. A 10-MHz, 1/8” (10F)
ultrasound transducer probe pinged each stone on a kidney tissue phantom submerged in water using two
methods. In Method 1, the instrument was aligned such that the ultrasound pulse traveled through the stone. In
Method 2, the instrument was aligned partially over the stone such that the ultrasound pulse traveled through
water.

Results: For Method 1, the correlation between caliper- and ultrasound-determined stone size was r*=0.71
(P <0.0001). All but two stone measurements were accurate and precise to within 1 mm. For Method 2, the
correlation was 1> =0.99 (P < 0.0001), and measurements were accurate and precise to within 0.25 mm.
Conclusions: The prototype technology and either method measured stone size with good accuracy and pre-

cision. This technology may be possible to incorporate into ureteroscopy.

Introduction

RETEROSCOPY OFTEN INVOLVES basket extraction of stone

fragments. Fragments must be small enough, however,
to fit through the ureter.' Basket extraction may be faster than
continued lithotripsy, provided there are no delays in at-
tempting to extract fragments too large to remove either
through narrow portions of the ureter or the ureteral access
sheath. Injury to the ureter or loss of operative time may result
if the surgeon attempts to extract fragments too large to re-
move, risking impaction of the stone and basket.?

Currently, estimating stone and stone fragment size during
ureteroscopy is subjective. This report describes a prototype
ultrasound technology to size stones or stone fragments that
may be adapted for ureteroscopy.

Materials and Methods

Single stones from 19 separate patients were obtained from
a stone reference laboratory. All stones were more than 95%
pure composition and included three different stone types
(seven calcium oxalate monohydrate, six cystine, six calcium
hydrogen phosphate dihydrate) with a variety of shapes and
sizes. Stones were rehydrated for 24 hours in deionized water
(Fig. 1).

The height of each stone was determined using manual
calipers. The stone was then placed in the same orientation on a
planar kidney tissue phantom (Sylgard silicone elastomer,
Dow Corning Corporation, Midland, MI; plastic microspheres,
The PQ Corporation, Valley Forge PA; and nickel powder, Alfa
Aesar, Ward Hill, MA) and submerged in 20°C water.

A 10MHz, 1/8" diameter (10F) transducer probe (model
M112, Panametrics NDT (now Olympus NDT), Waltham,
MA) sent and received ultrasound pulses through a pulse
receiver (Model 5072PR, Olympus NDT, Waltham, MA) at
100Hz and with signals displayed in real time on a digital
oscilloscope. Ultrasound measurements were then obtained
using two different methods (Fig. 2).

In Method 1, the ultrasound transducer was aligned di-
rectly over the stone such that the ultrasound wave traveled
through the full thickness of the stone. We determined when
the ultrasound waves reflected from the proximal surface
of the stone and after traveling through the stone and re-
flecting off the back surface of the stone. In Method 2, the
ultrasound transducer was aligned partially over the stone
such that some of the ultrasound pulse reflected from the
stone’s proximal surface and some from the kidney tissue
phantom on which the stone rested.

In Method 1, there was a continuous signal as the sound
waves reflected from the internal structure of the stone. The
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FIG. 1. Experimental setup of the ultrasound probe mea-
suring stone size on the kidney tissue phantom with a penny
for size reference. Actual measurements were performed
with the experimental setup submerged in 20°C water.

time of interest was determined from the duration of the
signal (Fig. 3). In Method 2, the time of interest was deter-
mined from the start of the reflection from the proximal stone
surface and the start of the signal from the kidney tissue
phantom where the stone rested. There was negligible de-
tected echo between the two signals because of few scattering
objects in the water. Stone thickness was calculated by

D=cxt/2 @

where D = thickness of the stone; ¢ = speed of sound; t = time;
“2” is included because the ultrasound pulse must pass and
return through the stone (Method 1) or water (Method 2).
Despite some known variability by stone type, when deter-
mining stone thickness using Method 1 we used 3000 m/s as
the stone sound speed for all stone types because the indi-
vidual stone type was unlikely to be known at the time of a
procedure.>* In Method 2, the sound speed of water (or urine
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FIG. 2. Measurement of stones using Method 1 (left) and
Method 2 (right).
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in practice) is predictable within a few percent, and for 20°C
water, the sound speed is 1482 m/ s.”> Measurements were all
repeated three times, and mean and standard deviations were
reported.

The operator aligned the transducer by hand and recorded
three signals for each of the two methods. The operator
aligned the transducer probe visually but made final decisions
by watching the oscilloscope and aligning to capture a clear
signal. The signals were then analyzed by a blinded investi-
gator to determine the time of interest used to calculate stone
size. Regression analyses were performed to evaluate the
correlation between mean caliper measurements and ultra-
sound based measurements.

Results

Both Method 1 and Method 2 yielded a measurement for
each stone (Figs. 4 and 5). Caliper measurements and the two
ultrasound methods were statistically similar, although
Method 2 was more precise. Correlation between the caliper
measurements and Method 1 measurements was 1> =0.71
(P <0.0001). Overall, Method 1 tended to overestimate stone
size by 7%. This method, however, overestimated some stones
and underestimated others with no observed differential bias
by stone type. Accuracy was good for all stone types with 15
of 19 (79%) stones measured to within 1 mm of caliper mea-
surements. Measurements were also precise with an average
standard deviation of 0.38 mm and all measurements having a
standard deviation of less than 0.8 mm.

Correlation between the caliper measurements and Method
2 was *=0.99 (P <0.0001). Overall, Method 2 tended to
slightly underestimate stone size by less than 1%, again with
no differential bias by stone type. Compared with caliper
measurement, accuracy was excellent for all stones using
Method 2 with 19 of 19 (100%) stones being measured to
within 1mm of caliper measurements and all but one stone
(95%) being measured to within 0.5 mm of caliper measure-
ments. Precision was also excellent using Method 2, with an
average standard deviation of 0.07 mm and all measurements
having a standard deviation of less than 0.2 mm.

Role in Endourology

This ultrasound-based technology accurately and precisely
measured stone fragment size by two methods. The methods
rely on obtaining reflections from the stone and, for Method 2,
the surface on which the stone rests. Measurements were
made using a hand-held transducer, as would be done in
surgery. Stones with a flat surface gave the strongest and
clearest reflections; however, even irregularly shaped stones
produced adequate reflections. Both methods by this measure
were sensitive. Future work with smaller ultrasound probes
will be important to determine if there is any loss of sensi-
tivity. Although measurements were statistically more accu-
rate and precise using Method 2, both methods would likely
perform well clinically. We selected a conservative sound
speed in stone (3000 m/s). We assume it would be better for
this technology to overestimate rather than underestimate
stone size. Previous studies have demonstrated stone sound
speeds ranging from approximately 2700 to 4700m/s, and
accuracy in this study would have been improved by selecting
a faster sound speed.**
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FIG. 3. Representative signal for Method 1 (a) and Method 2 (b) of the same stone. Time (f) of interest was measured for the
duration of Method 1 spike and the difference between the two spikes for Method 2. Note the ¢ measured with Method 1 is
roughly half that measured with Method 2 because the sound speed in stone (Method 1) is roughly twice that of the sound
speed in water (Method 2). Reprinted with permission from Proceedings of the 2nd International Urolithiasis Research

Symposium.

This technology has applications to urologic clinical prac-
tice. Real-time measurements of stone fragment size could
help to make ureteroscopy safer, giving the clinician an ob-
jective and reliable measure of stone size as opposed to a
subjective approximation. The technology is scalable and has
been commonly used in other medical “non-destructive
evaluation.”® The equipment is simple, consisting of a small
ceramic element, wires, and a voltage source and receiver.

This potentially inexpensive technology could help to
avoid potential ureteral injury and lost operative time if bas-
ket removal of a stone fragment is attempted before adequate
fragmentation. This technology could also be applied to im-
pacted ureteral stones where the operator cannot see beyond
the stone. Also, a clinician could use this technology to con-
firm an accurate accounting of the presence of all the stones
visualized on preoperative CT scan and their location within
the calices, renal pelvis, and/or ureter.

This technology could be passed as a small caliber instru-
ment through the ureteroscopic working channel. A small

Stone Size Comparison
Calipers vs. Ultrasound Method 1
r?=0.71 (p<0.0001)

2.5F ultrasound transducer of similar technology already exists
for intracranial targeted treatment of clot in acute ischemic
stroke; however, this transducer generates 360-degree cir-
cumferential ultrasound pulses and is not configured to create
directed ultrasound waves for our application.®” Perhaps
more conveniently, a 0.2mm ceramic ultrasound element
could be incorporated into the very distal tip of a 7.5F or 8.5F
flexible ureteroscope. In either case, the calculations are sim-
ple, and the signals are typically strong, which would facili-
tate automation and rapid or even continuous feedback on
stone size.

The use of endoluminal ultrasound in the urinary tract
was first described in 1991.% This technology has been used
primarily to evaluate structures outside the ureter, such as
imaging for crossing vessel in ureteropelvic junction obstruc-
tion and to diagnose and stage upper tract transitional-cell
carcinoma.® Although the concept and principle of the tech-
nology are similar, endoluminal ultrasound requires inter-
pretation of an ultrasound image and is typically performed
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Stone Size Comparison
Calipers vs. Ultrasound Method 2
r?=0.99 (p<0.0001)
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with fluoroscopic guidance rather than direct vision. These
factors have limited the widespread use of endoluminal ul-
trasound. We hope that our ultrasound technology could be
incorporated into flexible or semirigid ureteroscopy to allow
direct vision and an automated assessment of stone size in the
ureter, renal pelvis, and/or renal calices.

This technology offers promise for real-time fragmentation
size measurements during ureteroscopy. Further experiments
are necessary to evaluate smaller ultrasound transducer
probes and the sensitivity of this technology to detect smaller
stones, multiple stone fragments, and vascular structures,
such as crossing vessels, with measurements deep within the
collecting system of a real kidney.
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