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ABSTRACT

INTRODUCTION: Renal ultrasound (US) offers less radiation exposure than computed
tomography (CT) for kidney stone surveillance but has lower sensitivity and specificity for
nephrolithiasis diagnosis. Additionally, US may overestimate stone size, leading to unnecessary
surgical interventions. Evidence on US performance for kidney stone surveillance is variable,
making its clinical utility unclear. We aimed to assess US accuracy against CT and identify
factors influencing US performance.

METHODS: We performed a retrospective review of patients with known nephrolithiasis
seen in urology clinic at Stanford who underwent both renal US and CT within 90 days
for surveillance from January to December 2022. Patients with spontaneous stone passage
or interventions were excluded. Stone characteristics were recorded, and statistical analysis
compared the diagnostic accuracy of US and CT.

RESULTS: A total of 107 patients and 128 stones were included, with a mean time differ-
ence of 25.7 days between US and CT. US sensitivity was 77%, with a positive predictive
value (PPV) of 75% for stone detection. The PPV was only 59% for stones >4 mm by CT.
Mean stone size was 8.7 mm on US vs. 55 mm on CT (p=0.02), with more pronounced
overestimation in smaller stones and higher body mass index (BMI) (p<0.05). No significant
differences in US performance were found by stone location, laterality, or time between
scans. Differences in stone detection (p=0.01) and size (p=0.03) were associated with the
individual performing the ultrasound.

CONCLUSIONS: US performance is limited compared to CT and is influenced by stone
size, BMI, and sonographer. Overestimation by US may lead to unnecessary interventions in
up to 40% of patients with stones >4 mm.
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INTRODUCTION

Accurate imaging is critical for the
diagnosis and management of kidney
stone disease. Computed tomogra-
phy (CT) is the standard imaging
modality due to its high sensitivity
and specificity for stone diagnosis,
and its ability to provide precise
anatomic information;'? however,
increased use of CT scans has raised
public health concerns over exces-
sive exposure to ionizing radiation
in patients.’> Renal ultrasonography
(US) has emerged in recent years
as an alternative for kidney stone
imaging because US does not use
radiation, is easy to access, and costs
less. US has been found to be effec-
tive in the emergency setting for the
initial diagnosis of suspected renal
colic, as it can be performed at the
bedside, with no differences in com-
plications, pain, return to emergency
room, and hospitalization in 30 days
as compared to CT.*

The widespread use of US for
nephrolithiasis has been limited by
concern over its lower sensitivity for
stone detection compared to that
of CT. This is largely because the
quality of US imaging depends on
operator experience, technique, and
patient body habitus. US has vary-
ing sensitivity between 24-93%,>”7
with a pooled sensitivity of 45%,°
compared with CT, which exceeds
95%. Importantly, US may overesti-
mate stone size, which can impact
decision-making for stone manage-
ment.” Since obstructing renal stones
<5mm have high spontaneous pas-
sage rates,'”"® overestimation of
stone size may result in unnecessary
surgery for stones that would oth-
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KEY MESSAGES

B US shows 77% sensitivity for kidney stones,
contrasting with >95% with CT, but spares
patients radiation exposure and is more
accessible.

B US overestimates stone size, averaging 8.7
mm vs. 5.5 mm with CT, which may lead to
unnecessary surgeries for stones that are likely
to pass without intervention.

B US accuracy is affected by operator
experience and patient BMI, with larger
BMI values correlating to greater size
overestimation.

B Reliance on US alone for treatment
decisions may result in 40% of patients with
stones >4 mm undergoing unnecessary
interventions.

erwise pass. Thus, most urologists still rely on CT to
confirm stone burden before offering patients surgical
intervention, regardless of US findings.

Still, US remains an integral tool in the management
of stone disease, particularly among patients who are
younger, pregnant, or lack access to CT scanners. While
existing studies have evaluated the inaccuracies of US
compared with CT, few have identified factors associ-
ated with these inaccuracies. The purpose of this study
was to assess the diagnostic accuracy of US using CT
as reference, as well as to identify factors that affect
US performance.

METHODS

Study design

This study was approved by Stanford University
Institutional Review Board. We retrospectively
reviewed all adult kidney stone patients seen in the
urology clinic at Stanford Health Care between January
2022 and December 2022. We included patients who
underwent both CT and US imaging within 90 days
of each exam for kidney stone surveillance. To mini-
mize variability of imaging qualities between different
radiology departments, only patients who underwent
both studies in the radiology department at Stanford
were included. We excluded patients who underwent
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both CT and US for reasons other than stone burden
confirmation, such as reassessment after stone surgery
intervention, evaluation of stone passage, and change in
clinical symptoms. We abstracted clinical data pertaining
to patient demographics, body mass index (BMI), stone
size, and stone location.

Imaging studies

In order to assess real-world clinical practice, all imaging
studies were performed for assessment of kidney stone
burden and reported at the discretion of the radiol-
ogy department. CT studies were performed without
contrast and scanned from the upper abdomen to the
pelvis, acquired on a dual-source CT scanner (General
Electric Revolution CT, Boston, MA, U.S.). US stud-
ies were performed using conventional grayscale with
Doppler (General Electric LOGIQ, Boston, MA, U.S.)
by certified technologists.

The presence of echogenic foci with or without
twinkling artifact and acoustic shadowing were inter-
preted at the discretion of radiologists who specialize
in body imaging. The findings of the formal radiology
reports were recorded, including maximal stone size,
stone location, and number of stones. Stones reported
without associated details on size and location were
omitted from data analysis. Stone detection on US was
confirmed when CT detected the stone in the same
location.

Outcomes

We defined the primary outcomes as the sensitivity
and positive predictive value (PPV) of US to detect
the presence of a kidney stone. We defined secondary
outcomes as the percentage of times US overestimated
the size of a stone to be >4 mm. A false-positive was
defined as either a US-detected stone that was not
identified on CT or an overestimated US-detected
stone size that was =4 mm on CT. This cutoff was
established given stones <5 mm are likely to pass spon-
taneously without intervention; hence, this represents a
consequential false-positive if US alone were the deter-
minant of intervention vs. conservative stone manage-
ment.'®'3 Additionally, we performed subgroup analysis
based on intrarenal and ureteral location, laterality, BMI,
US technician performance, and interpreting radiologist.

Statistical analysis

We performed statistical analysis with SPSS Statistics
28.0 package (IBM, NY, U.S.). We compared continu-
ous variables between groups with two-tailed Student’s
t-test and ANOVA. Categorical variables are described
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with proportions and compared using the Chi-squared
or Fisher exact test. Multivariable logistic regression
analyses were performed to evaluate potential asso-
ciations with PPV of US-detected stones. A p-value of
<0.05 was considered statistically significant.

RESULTS

A total of 107 patients underwent both US and CT
exams for the evaluation of kidney stone burden. The
study cohort had a mean age of 57.3+16.0 years and BMI
of 27.4+5.8 kg/m? (Table 1). The mean time between
US and CT was 25.7+23.7 days, and US was performed
as the initial imaging modality in 86 (80.4%) patients for
routine surveillance or incidental stone detection. Over
a | 2-month period, 39 certified US technologists and 28
radiologists participated in the renal US exam.

A total of 128 stones were identified on US. The
sensitivity of US for stones seen by CT was 77% (95%
confidence interval [Cl] 68-84%). Of the 128 stones
seen by US, 96 had corresponding stones on CT, with
a PPV of 75%. Using a clinically relevant threshold of
stone size >4 mm,'*"? a total of 76 such stones were
detected on US and only 45 (59%) corresponded to
a >4 mm stone on CT. Examples of such occurrences
are illustrated in Figure |.

The sensitivity and PPV of US were further stratified
by stone and patient factors. We found no correlation
between US sensitivity and PPV with stone location,
laterality, and patient BMI (Table 2). When stratified
by stone size estimated by US, PPV ranged from 50%
for -4 mm to 94% for >10 mm (Figure 2). When
we examined stone size >4 mm by CT, the PPV by
US was only 59%, with a range of 28-83%, as the US
stone size increased from 3 mm to 40 mm.

US overestimated stone size compared with CT.
Measurement of stone size by US was 8.7+£6.2 mm,
compared with 5.5£6.4 mm on CT (p=0.02), with a
mean difference of [.8£3.1 mm. When we categorized
stone by location in the kidney or ureter, we found
no significant difference in stone size measurements
(p=0.64). Subgroup analysis showed that the discrep-
ancy of stone size increased between US and CT in
patients with greater BMI (p=0.037). In contrast, there
was no significant difference in stone size between US
and CT for patients who were not overweight (BMI
<25) (p=0.25) (Figure 3), a group that accounted for
38% of this study cohort.

Since the quality of US is operator-dependent, we
compared US stone detection from the top three tech-
nologists who conducted US exams (8%, 8%, and 7% of
studies) and the top three radiologists who interpreted

US exams (12%, 8%, and 8% of studies). We found a
significant difference in PPV for stone detection by US
when comparing technologists, ranging from 53—100%
(p=0.01); in contrast, we found no difference in PPV
for stone detection by US when comparing radiologists
(Table 2). Similarly, there was a significant difference
among technologists in the reporting of mean US stone
size (p=0.03), but no difference among radiologists
(p=0.30) (Table 3).

We also analyzed clinical factors that were associ-
ated with stones estimated to be >4 mm by US that
were smaller or undetectable by CT (i.e, a false-posi-
tive). Patient demographics, including age, gender, eth-

Table 1. Baseline characteristics of study cohort

Total (N=107)
Age
Mean, years + SD 57.3+16.0
18-30 7(7)
31-40 9(8)
41-50 17 (16)
51-60 24(23)
61-70 24(23)
71-80 20(19)
>80 6 (6)
Gender
Male 50 (47)
Female 57 (53)
BMI
Mean  SD 27.4+58
<25 40 (38)
25-30 38 (36)
30-35 24(23)
>35 4.(4)
Race
White 57 (53)
Black 4(4)
Asian 15 (14)
Hispanic 25 (23)
Other 6 (6)

BMI: body mass index; SD: standard deviation.
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nicity, and BMI, were not associated with higher odds = and is relatively accessible, but its role in the first-line
of a false-positive US reading (Table 4). The timing of = setting for the evaluation of nephrolithiasis has been
US and CT, including chronological order of the scans = controversial due to limitations of reduced sensitivity,
and time interval between scans, also did not associate = specificity, and overestimation of stone sizes.>®

with higher odds of a false-positive US reading. The Several studies have examined the sensitivity of US
volume of participating technologists or radiologists, =~ compared to CT, which has a pooled sensitivity of
ranging from |-12% of the total US studies, did not =~ 45%® but few have investigated potential factors asso-
correlate with false-positive US findings. A small stone | ciated with these tendencies. As US continues to be an
size on US (5-7 mm) was the only factor that associ- = important imaging modality for kidney stone patients, we
ated with overcalling the size of a stone by US relative = sought to investigate the diagnostic accuracy of US in our
to CT (odds ratio 2.06, 95% CI 1.29-3.33, p=0.02). institution and identify potential factors that could affect

the accuracy of kidney stone characterization on US.

DISCUSSION In this study, the overall sensitivity of US for stones
CT is regarded as the gold-standard modality for the = seen on CT was 77%, which was in the range of those
diagnosis of kidney stones due to its superior sensitiv-  reported in the literature but on the higher end, par-
ity, specificity, size determination, and ureteral calculi | ticularly compared to recent studies. Ganesan et al
detection; however, it is limited by associated increased = reported a sensitivity of 54% in a large cohort of 552
costs and radiation exposure. The oncogenic effects of ~ CT/US pairs,” and Sternberg et al reported a sensitivity
accumulated ionizing radiation have been well-estab-  of 63% in a multicenter analysis of |55 patients.'® This
lished and are particularly conceming in kidney stone s likely explained by the homogeneity of our single-
patients, who tend to be relatively young at disease | institution design, as well as minimal inclusion of ureteral
onset, with a mean age of 43 years, and have multiple | calculi in our analysis due to the exclusion of acute renal
recurrences over their lifetime.'*'> US lacks radiation | colic patients in the present study cohort.

Figure 1. Examples of ultrasound (US) stone detection and subsequent discordant computed tomography (CT) finding. US was initally performed for o 28 F with known history of nephralithiasis due to right flank pain. Initial US image (a) and
fwinkling (b) suggested presence of a 5 mm right renal stone. CT performed on the same day revealed no evidence of stone (¢, d). A 51 F who underwent roufine stone surveillance with US inifially showed o 6 mm right interpolar stone () with
twinkling (f), and subsequent CT after 12 days revealed only o punctate 2 mm right renal stone (g, h). Based on history, neither patient passed any stones sponfaneausly between the imaging studies.
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Accurate size measurement of stone burden is para-
mount in the counseling and management of kidney
stone disease. Small stones <5 mm are often observed
and treated medically, as spontaneous passage rates
are favorable,'®"3 while larger stones may require
surgical intervention, in which different options also
exist depending on stone size. For example, current
American Urological Association guidelines suggests
that ureteroscopy and shockwave lithotripsy could
be offered to patients with <I0 mm lower pole renal
stones, while ureteroscopy and percutaneous surgery
should be considered for >10 mm lower pole stones
due to higher stone-free rate."”

Our data supports the well-established notion that
US overestimates stone size by 58%, with a mean differ-
ence of 1.8+3.Imm. Similarly, a small study found that
US overestimates stone size in 87% of cases by a mean
of 1.8 mm, and another study found that US reports
most kidney stones <5 mm in size to be >5 mm.® More
recently, Stemberg et al found US overestimates stone
size by 2.2 mm, and even more for stones <5 mm.'®

Indeed, while our study showed an overall PPV of
75% for stone detection by US, similar to the PPV of
78% reported in a meta-analysis,® when we limited our
analysis to larger stone sizes (i.e,, stones >4 mm) seen
on US, the PPV was only 59% relative to the same
stone size by CT. This size discrepancy between US
and CT was even greater for smaller stones; of all the
stones measured between 5-7 mm by US, only 28%
corresponded to a stone at least 5 mm on CT. In other
words, if only US was used for decision-making, up to
72% of patients with 5-7 mm stones on US would
undergo unnecessary surgical intervention.

Many factors affect US diagnostic accuracy for renal
stones. Stones in the left kidney were hypothesized to
be more difficult to detect by US because the higher
anatomic location of the left kidney may require inter-
costal scanning. The evidence for this hypothesis is
mixed; some studies have found worse sensitivity for
left-sided stones,”'® particularly left upper pole, while
others have found no difference.®” In our study, no
statistically significant difference was found between
sensitivity of US detection of left-sided (72%) vs. right-
sided (84%) stones (p=0.07).

Patient BMI may also affect US accuracy, as tissue
thickness may limit US image quality due to sound
beam attenuation."” Our data suggests that sensitivity
for stones is not affected by BMI, which is consistent
with the findings from other groups;”'®?° however, we
found that patient BMI does impact stone size estima-
tion by US: greater BMI was associated with increased

Table 2. Comparison of stone detection on ultrasound compared to CT

Stone defection

Al

Renal location
Upper pole
Mid pole
Lower pole
Renal pelvis
p

Ureteral location
Proximal ureter
Mid ureter
Distal urefer
p

Laterality
Left
Right
p

BMI
<25
25-30
31-35
>35
p

Technician
# (n-8)
# (n-9)
#(n-7)
p

Radiologist
# (n=9)
#2 (n-9)
#(n=13)
p

a
N (%)
125 (100)

9(11)
16 (20)
28 (35)
11(14)

64 (51)
61(49)

Ultrasound
Sensitivity (%)
96/125 (77)

8/9 (89)
10/16 (63)
23/28 (82)
6/11 (55)
0.77

2/5 (40)
0/2 (0)
219 (22)
0.37

46/64 (72)
51/61 (84)
0.07

33/40 (83)
26/38 (68)
21/24 (87)
4/4.(100)
0.61

12121 (57)
10/16 (63)
14117 (82)
0.18

11/16 (69)
12/14 (86)
16/17 (94)
0.68

PPV (%)
96/128 (75)

12116 (75)
17125 (68)
23/31(74)
4/5 (80)
0.23

1/1(100)
0/0 (0)
2/2 (100)
0.08

45/56 (80)
51/62 (82)
0.90

25/34 (74)
26/33 (79)
14/19 (74)
2/2 (100)
0.81

12/12 (100)
8/15 (53)
9/11 (82)
0.01

12/16 (75)
10/13 (77)
13/16 (81)
0.76

PPV of stones >4 mm (%)

45/76 (57)

8/15 (53)
11/20 (55)
14124 (58)
2/4 (50)
0.61

0/1(0)
0/0 (0)
171 (100)
0.38

21/35 (60)
24741 (59)
0.27

12/24 (50)
20/28 (71)
6/19 (32)
1/2 (50)
0.20

416 (67)
114 (25)
2/6 (33)
0.40

4/6 (66)
2/7(29)
3/6 (50)
0.19

BMI: body mass index; CT: computed tomography; PPV: positive predictive ratio.
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Positive Predictive Value (%)
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83 Il PPV of >4mm stone
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US stone category

Figure 2. Positive predictive value (PPV) of corresponding computed tomography (CT) stone according to reported ultrasound (US) stone
size. As o whole, the PPV was 75% and ranged from 50—94%, increasing as US stone size increased. When analysis was limited to
dlinically relevant threshold of >4 mm stones, the PPV for the presence of a corresponding >4 mm stone on CT was only 59% and ranged
from 28—83%, increasing as US stone size increased.

Stone Size (mm)

150

50

P=0.04
o o
° o ° [
o CT
P=0.02
° ° ® Ultrasound
° °
P=025
°
°
°
Al BMI <25 BMI >25
N=106 N=40 N=66

Figure 3. Comparison of renal stone size measurements between ultrasound (US) and computed tomography (CT) among those with
normal or increased body mass index (BMI). As o whole, US overestimated stone size with a mean difference of 1.8+3.1mm (p=0.02).
The mean difference was 0.7+1.7 mm (p=0.25) in patients with a normal BMI of <25, compared with a difference of 3.0+3.5 mm
(p=0.04) in those with increased BMI of >25.

stone size estimation by US (p=0.037). Despite this, no
significant difference was determined in PPV of US for
detecting stones >4 mm among patients with BMI of
30-35 and those patients with a BMI of <30 (p=0.19).

US measurements depend on operator experience
and technique, leading to inter-observer variation. The
single-institution design of this study allowed for evalua-
tion of this potential effect. We found that the individual
technologist who performed the US exam, but not
radiologist who interprets the US exam, was associated
with differences in stone detection (p=0.01) and stone
size measurement (p=0.03). We conclude that these
differences reflect the technologist's performance in
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Table 3. Comparison of stone size measurements on

ultrasound compared to CT
Stone size a Ultrasound
Size (mm £ SD) | Size (mm SD) | A from (T (mm = D)
Al 5.5+6.4 8.7+6.2 1.8+3.1
Renal location
Upper pole 11.8£15.5 | 12.4+10.1 | 1.6+2.2
Mid pole 5.7+2.6 7.2+33 1.6+1.7
Lower pole 7.3+5.7 8.7+5.3 2.5+4.4
Renal pelvis 9.2+£5.3 11.7+5.2 22425
p 0.22 0.25 0.85
Ureteral location
Proximal urefer | 4.2+1.1 7.0£1.4 2.5+2.1
Mid ureter 4.5+2.1 - -
Distal ureter | 4.61.7 5.0+2.6 0.25+2.1
p 0.63 0.16 0.14
Laterality
Left 6.7+5.4 9.0+£5.0 2.8+4.3
Right 5.3+4.4 7.5+£3.9 1.2£1.9
p 0.35 0.32 0.17
BMI
<25 5.0+6.7 7.3+6.5 0.7+1.7
25-30 5.7£5.9 10.3+6.3 2.7+3.7
31-35 5.8+7.0 8.6+5.0 2.8+3.2
>35 7.5+6.8 9.5+6.4 5.4+3.2
p 0.15 0.61 0.037
Technician
#1 (n=8) 6.9+4.2 11.0£55 | 27437
#2 (n=9) 3.0£2.5 5.1+1.8 1.2+2.5
#3 (n=7) 3.9+33 8.0+4.4 2.1+2.8
p 0.07 0.03 0.65
Radiologist
#1 (1=9) 43254 9.0+4.5 3.0+2.8
#2(n=9) 3.1+3.0 6.0+3.0 1118
#3 (n=13) 3.7£4.0 8.0+4.2 1.4+0.9
p 0.77 0.30 0.29

BMI: body mass index; CT: computed tomography; SD: standard
deviation.
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Table 4. Association between cinical factors and false-
>4 mm stone

OR (95% C1) p

positive US detection of

Clinical factor

Age >65 0.86 (0.33-2.23) 0.86
Male gender 1.31(0.84-2.02) 0.22
Non-White ethnicity 1.05 (0.61-1.80) 0.87
BMI >25 1.15(0.81-1.65) 0.43

2.06 (1.29-3.33) 0.02
2.10(0.79-5.50) 0.15
1.05 (0.40-2.76) 0.93
0.35(0.10-1.21) 0.15
2.05(0.71-5.95) 0.20

US stone size 5-7 mm

US technician participation <5%
US radiologist parficipation <5%
US performed before (T

> 7 weeks hetween scans

BMI: body mass index; Cl: confidence interval; CT: computed
tomography; OR: odds ratio; US: ultrasound.

acquiring a high-quality US exam. While the analysis
was limited by the retrospective nature of this study,
these findings in the real-world setting support that
inter-observer variation exists for stone characterization
on US. These findings should prompt efforts to achieve
consistency in knowledge and skills in all personnel to
improve US performance, even as more technologists
are used in the clinical setting.

Several strategies have been used to attenuate
some of the inaccuracies associated with US. Current
standard adjunctive signs to improve stone detection
include the “twinkle artifact” (Figure IB), a phenome-
non created by ultrasound echoes reflecting off a stone
and appearing as alternating colors behind the stone.
This has led to increased sensitivity for stones, but with
a risk of false-positives, particularly among children.?"??

Additionally, the presence of an acoustic shadow,
created by the inability of ultrasound waves to pen-
etrate through stones, has been used to improve diag-
nostic accuracy. It is more commonly present in larger
stones >8 mm, reflected by a high specificity.?? The
measurement of the acoustic shadow width has been
found to limit US overestimation of stone size, and was
more recently validated in human patients.?*?

Another strategy is the addition of an abdominal
plain film (Kidney-Ureter-Bladder [KUB]) to US, which
has been found to markedly improve sensitivity and
specificity to >90%.%%” KUB is particularly useful for
identifying radiopaque stones, and can provide quick
imaging in the acute care setting; however, its effective-
ness may be limited for non-radiopaque stones or those
located in areas obscured by bony structures, as well

as smaller stones <5 mm, all of which are less likely to
be detected.”® Despite these limitations, KUB remains
a valuable modality for long-term followup of known
stones, as it can enable monitoring stone status and
progression over time with minimal radiation exposure,
making it especially beneficial for patients with recurrent
nephrolithiasis.

Limitations
There are several limitations to our study.

First, the single-center, retrospective design limits
the generalizability of the findings.

Second, there was a mean difference of 26 days
between US and CT scans, during which stones could
have moved or passed. We tried to address this issue
by excluding patients with stone passage events, change
in symptoms, or stone interventions in the interval
period. The resulting US/CT pairs were likely obtained
without significant change in true stone burden, as sup-
ported by the lack of an association between length
of time between US/CT exams and US performance.

Third, some patients underwent CT prior to US and
it is possible that results of the CT could have intro-
duced some bias during the subsequent US studies.

Finally, there may be selection bias in this study
cohort because we excluded patients with acutely
changing symptoms and patients with negative stud-
ies on both US and CT, as no comparison of stone
characterization could be made. Patients with unam-
biguous US were also unlikely to undergo CT, and
therefore, an unbiased comparison with CT was not
possible. Nevertheless, the present study provides valu-
able insights into the application of US for kidney stone
disease and identifies factors predictive of US inaccu-
racy for stone characterization.

CONCLUSIONS

Although US is a convenient imaging modality that
does not expose patients to ionizing radiation, it may
miss stones and overestimate stone size compared
with CT scanning. The shortcomings of US are more
pronounced for smaller stone sizes and for patients
with greater BMI, and appropriate patient counseling
should consider these factors. If US is used alone to
guide management, two in five patients with stones
measuring >4 mm may undergo unnecessary surgery
for stones that would otherwise pass without interven-
tion due to overestimation of stone size. Future efforts
should aim to improve consistency in knowledge and
skills for technologists to improve US performance for
stone detection and stone size estimation.
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