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US for Detecting Renal Calculi
with Nonenhanced CT as a
Reference Standard1

PURPOSE: To determine the sensitivity and specificity of ultrasonography (US) for
detecting parenchymal and renal pelvis calculi and to establish the accuracy of US
for determining the size and number of calculi.

MATERIALS AND METHODS: A total of 123 US and computed tomographic (CT)
examinations were compared retrospectively for the presence of renal calculi. The
sensitivity of US was determined for individual calculi and at least one calculus per
examination. Retrospective findings were compared with the original US interpre-
tation. The sizes of calculi in longest axis were compared on US and CT images, and
the US detection of calculi in the left and right kidneys was compared. The use of US
for detecting the full extent of calculus burden was evaluated in patients with
multiple calculi.

RESULTS: US depicted 24 of 101 calculi identified at CT, yielding a sensitivity of
24% and a specificity of 90%. There was no substantial difference for the detection
of calculi in the right and left kidneys. The sensitivity of US for any calculi in a patient
was 44%, equal to that of the original US interpretation. US enabled identification
of 39% of patients with multiple calculi and demonstrated all calculi in 17% of these
patients. The mean size of calculi detected with US was 7.1 mm " 1.2 (95% CI);
73% of calculi not visualized at US were less than 3.0 mm in size. Calculus size based
on US and CT measurements was concordant in 79% of cases and differed by a
mean of 1.5 mm " 0.7.

CONCLUSION: US is of limited value for detecting renal calculi.

Nonenhanced helical computed tomography (CT) has become the primary imaging mo-
dality for evaluating acute flank pain and suspected renal stone disease. The high sensi-
tivity (97%) and specificity (96%) of helical CT for depicting genitourinary calculi has been
established (1), and CT is of particular value for detecting ureteral calculi, which often are
not visualized with other imaging modalities. With the increased use of CT, ultrasonog-
raphy (US) and intravenous pyelography have begun to play a secondary role in the
evaluation of genitourinary calculi.

Nonetheless, US continues to be performed in the setting of acute flank pain or neph-
rolithiasis for the detection of calculi in the renal pelvis and parenchyma. US is also
performed to identify fragmented renal calculi after extracorporeal shock-wave lithotripsy
(ESWL). The sensitivity of US for detecting renal calculi has been reported to be as high as
96% compared with that of abdominal radiography and conventional tomography (2).
However, the true sensitivity of US for renal calculi may be substantially less given
evidence that radiography is less sensitive than previously thought (3).

The sensitivity of US for detection of renal calculi compared with that of helical CT is
unclear. Establishing the sensitivity of US for renal calculi will allow informed decisions
regarding which type of imaging examination to perform for a given clinical situation.
Whereas study authors have evaluated the sensitivity of US for ureteral calculi relative to
that of nonenhanced helical CT (4), we are not aware of prior studies in which US and
nonenhanced helical CT were compared for sensitivity for calculi within the renal pelvis
or renal parenchyma.

The twofold purpose of our study was, with nonenhanced CT as a standard of reference,
to perform a retrospective analysis to determine the sensitivity and specificity of US for
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detecting parenchymal and renal pelvis
calculi and to establish the accuracy of
US for determining the size and number
of calculi.

MATERIALS AND METHODS

Approval from our institutional review
board was obtained for the purposes of
this study. Informed patient consent is
not required for the review of images at
our institution.

Our study included 123 patients (45
male and 78 female patients; mean age,
45 years; age range, 14–88 years) who for
clinical reasons underwent both nonen-
hanced helical CT and US of the kidneys
at our institution between December
1997 and July 2000. Patients were se-
lected from those undergoing a standard-
ized CT protocol for suspected renal cal-
culi who also underwent renal US within
30 days preceding or following CT. Pa-
tients who had previously undergone re-
nal transplantation were excluded from
the study. The mean interval between CT
and US examinations was 5.9 days " 1.5
(95% CI).

Nonenhanced helical CT was per-
formed by using a model PQ 2000 scan-
ner (Picker, Cleveland, Ohio) and a ded-
icated protocol with 5.0-mm collimation
and 1.0 pitch (120–140 kVp, 120–140
mA). Scanning was performed from the
upper abdomen through the pubis, with
images reconstructed at 5.0-mm inter-
vals. US was performed by using new-
generation scanners (model 128, Acuson,
Mountain View, Calif; and model 5000,
ATL, Bothell, Wash) and consisted of ei-
ther dedicated renal or abdominal imag-
ing. US included evaluation of the kid-
neys in multiple anatomic planes.

In this article, focal high-attenuating
opacities at CT or shadowing echogenic
foci at US are termed as calculus or calculi
because CT and US cannot enable reliable
distinction of calcium deposition from a
concretion of different materials with
similar attenuation or echogenicity, re-
spectively. Terms such as nephrocalcinosis
and nephrolithiasis have been avoided be-
cause the purpose of this study was to
determine the use of US in detecting re-
nal pelvis and parenchymal calculi, re-
gardless of the underlying cause of calcu-
lus formation.

US and CT examinations (one per pa-
tient) were reviewed in a blinded retro-
spective manner by two staff radiologists
(M.R.W., J.A.L.) who subspecialize in
body imaging. The reviewing radiologists
worked as a team and provided a consen-

sus interpretation for each image. For
each patient, the US images were re-
viewed prior to the CT examination. The
calculi size (longest axis) and number
were recorded for the US and CT exami-
nations. The location of each calculus
was recorded as being in either the right
or the left kidney. No distinction was
made between calculi within the renal
pelvis and renal parenchyma. Renal cal-
culi were diagnosed on US images on the
basis of focal echogenicity with acoustic
shadowing in the renal parenchyma or
renal pelvis. Punctate high-attenuating
foci in the renal parenchyma or renal
pelvis were used as criteria for the diag-
nosis of renal calculi on CT scans. Calculi
in the ureter or bladder were not in-
cluded in this study.

The sensitivity of US for calculi in the
renal parenchyma or pelvis was calcu-
lated by using CT as a reference. The sen-
sitivity for the presence or absence of any
renal calculi for each patient was also
calculated for comparison with the orig-
inal US interpretations at the time the
studies were performed. Calculi were
classified according to size in groups of
0.0–3.0 mm, 3.1–7.0 mm, and greater
than 7.0 mm, since it has been shown
that calculi size affects patient therapy
(5). Calculi were termed as concordant if
both CT and US size measurements were
within the same group. A calculus was
considered discordant if the size group
based on US was different from that de-
termined with CT measurement. The use
of US for detecting all calculi in patients
with multiple calculi was evaluated, and
the mean number of calculi missed in
this subset of patients was determined.
The sensitivity of US for calculi in the left
and right kidneys was evaluated to deter-
mine if US is less effective for detecting
left-sided calculi, since complete depic-
tion of the left kidney is often difficult
because of its more superior position re-
quiring the use of an intercostal window.

After retrospective review of all images,
the initial interpretation of the US
images was performed by reviewing
(K.A.B.F.) the original radiology report
for each US examination. The findings in
the reports were classified as positive for
renal calculi, negative for renal calculi, or
indeterminate. The sensitivity and speci-
ficity for any renal calculi were deter-
mined by using the retrospective CT scan
interpretation as a reference. Cases in
which the report was indeterminate for
the presence of renal calculi were ex-
cluded from these calculations. The sen-
sitivity for individual calculi was not de-
termined because in many cases the

original US report lacked sufficient infor-
mation regarding calculus location or
size to allow reliable correlation with the
retrospective CT interpretation.

Mean values for calculi size were calcu-
lated by using 95% CIs. For measures of
sensitivity, specificity, positive and nega-
tive predictive values, and accuracy, a
95% CI was calculated by using a normal
approximation of the binomial distribu-
tion (6).

RESULTS

Of the 123 patients, 39 (32%) had 101
renal calculi identified on nonenhanced
helical CT scans. The patients with renal
calculi included 26 female patients and
13 male patients, with a mean age of 42
years (age range, 14–82 years). The mean
calculus size (longest axis) was 4.2 mm "
0.4, with a range of 0.5–26.0 mm. Of
these 39 patients, 18 (45%) had multiple
renal calculi on CT scans, with a mean of
4.4 calculi " 1.4 per patient and a mean
size of 3.0 mm " 0.7 (size range, 0.5–15.0
mm).

As shown in Table 1, US demonstrated
24 of the 101 renal calculi identified on
CT images, corresponding to a sensitivity
of 24% (95% CI: 18%, 30%) and a speci-
ficity of 90% (95% CI: 85%, 94%). The
accuracy of US for the detection of indi-
vidual renal calculi was 54% (95% CI:
47%, 61%), with a positive predictive

TABLE 2
Detection of Any Renal Calculi in 39
Patients with Calculi at CT

CT Findings

US Findings

Positive Negative

Positive 17 22
Negative 6 78

Note.—The sensitivity of US was 44% (95%
CI: 35%, 53%), and the specificity was 93%
(95% CI: 88%, 98%).

TABLE 1
Detection of 101 Renal Calculi

CT Findings

US Findings

Positive Negative

Positive 24 77
Negative 9 78

Note.—The sensitivity of US was 24% (95%
CI: 18%, 30%), and the specificity was 90%
(95% CI: 85%, 94%).
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value of 73% (95% CI: 67%, 79%) and a
negative predictive value of 50% (95%
CI: 43%, 57%). The mean size of calculi
detected with US was 7.1 mm " 1.2.

In the 39 patients with calculi on the
basis of CT findings, US depicted at least
one calculus each in 17 patients (Table

2). The sensitivity and specificity of US
on an examination-by-examination basis
for any renal calculi were 44% (95% CI:
35%, 53%) and 93% (95% CI: 88%, 98%),
respectively. The accuracy of US for de-
tecting any renal calculi in a given pa-
tient was 77% (95% CI: 70%, 84%).

US depicted seven of 34 calculi in the
right kidney, corresponding to a sensitiv-
ity of 21% (95% CI: 7%, 35%). Seventeen
of 67 calculi in the left kidney were de-
tected with US, yielding a sensitivity of
25% (95% CI: 15%, 35%).

US enabled identification of seven
(39%) of the 18 patients with multiple
calculi. This subset of patients had a total
of 80 calculi, 14 (18%) of which were
identified at US. In the 18 patients with
multiple calculi on CT scans, US demon-
strated all calculi in three (17%) patients.
With US, a mean of 3.7 " 1.7 calculi were
missed per patient in this group of pa-
tients; the mean size of the missed calculi
was 3.4 mm " 0.7 (range, 0.5–15.0 mm).

Of the 101 calculi identified on CT
scans, 77 were not visualized at US (Fig
1). Table 3 demonstrates that a majority
(56 [73%] of 77) of missed calculi were
3.0 mm or less in size. Slightly fewer than
half (16 [43%] of 37) of the calculi larger
than 3.0 mm were depicted at US. The
mean size of calculi missed with US was
3.3 mm " 0.6, substantially smaller than
the mean size of detected calculi. The
sensitivity for small calculi (0.0–3.0 mm)
was 13% (95% CI: 5%, 21%). The sensi-
tivities for medium (3.1–7.0-mm) and
large (#7.0 mm) calculi were 26% (95%
CI: 8%, 44%) and 71% (95% CI: 47%,
95%), respectively.

As shown in Table 4, calculus size
based on US and CT images was concor-
dant in 19 (79%) of 24 calculi. With US
measurement, three calculi were incor-
rectly grouped in a larger size group, in-
cluding a 5-mm calculus that measured 8
mm on US images. Two calculi were in-
correctly classified in a smaller size group
on the basis of US measurements. The
mean difference in the sizes of calculi as
determined at CT and US was 1.5 mm "
0.7.

On US images, nine echogenic foci
were present that were originally inter-
preted as renal calculi but did not corre-
late with calculi on CT scans. In one case,
a 15-mm echogenic focus depicted with
US was found on CT images to be a ure-
teral stent. Renal vascular calcifications
were misinterpreted as renal calculi on
US images in two patients (Fig 2). In the
remaining cases, the cause of the echo-
genic foci was not clear.

The results of the 123 original US re-
ports reviewed are shown in Table 5.
Seven examinations were indeterminate
for renal calculi and were excluded from
further evaluation. Based on the remain-
ing 116 original reports, the sensitivity
and specificity of US for any renal calculi
were 44% (95% CI: 35%, 53%) and 98%

TABLE 3
US Detection of 101 Renal Calculi according to Size

Calculi Size (mm) Total No. of Calculi Detected Missed Sensitivity*

0–3.0 64 8 56 13
3.1–7.0 23 6 17 26
#7.0 14 10 4 71

* Sensitivities are percentages.

TABLE 4
Calculus Size Agreement between CT and US in 24 Cases

Calculus Size at CT (mm)

Calculus Size at US (mm)

0–3.0 3.1–7.0 #7.0

0–3.0 6 2 0
3.1–7.0 2 3 1
#7.0 0 0 10

Note.—Calculus size was concordant in 19 (79%) of the 24 cases.

Figure 1. Multiple transverse nonenhanced CT images demonstrate
numerous 3–5-mm renal calculi (arrows) that were not depicted at US.
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(95% CI: 95%, 100%), respectively. The
positive predictive value was 88% (95%
CI: 82%, 94%), and the negative predic-
tive value was 81% (95% CI: 74%, 88%).

DISCUSSION

The high sensitivity of nonenhanced he-
lical CT for genitourinary calculi has
been established (7), and this modality is
viewed by many to be preferred for de-
picting renal colic and evaluating renal
stone disease (8). Nonenhanced CT en-
joys clear advantages for evaluation of
ureteral calculi that are often difficult to
visualize with US or radiography because
of overlying bowel gas and adjacent bone
structures. Yilmaz and colleagues (4)
have demonstrated the superiority of CT
for the detection of ureteral calculi com-
pared with both US and intravenous
urography. In their study, the sensitivity
of US for ureteral calculi was found to be
19% compared with 94% for nonen-
hanced CT.

Although CT is generally acknowl-
edged as superior for evaluation of ure-
teral calculi, the difference between US
and CT for evaluation of renal pelvis and
parenchymal calculi has not, to our
knowledge, been established. Previous
studies (2,9) in which radiography and
conventional tomography are compared
with US indicated the sensitivity of US
for renal calculi to be as high as 99%.
These initial study findings may have
been misleading, since Levine et al (3)
have shown that many calculi detected at
nonenhanced helical CT are missed at
radiography. Beyond the evaluation of
renal stone disease, the sensitivity of US
for renal calculi in general is important
because US images are often obtained for
other renal disorders in which calcium
deposits occur in the form of calculi.

Our data indicate that US is of limited
value for the detection of renal calculi. Of
the 101 renal pelvis or parenchymal cal-
culi identified on CT scans, only 24
(24%) were depicted on renal US images.
No substantial difference in sensitivity
was observed between the right and left
kidneys, consistent with the prior find-
ings of Middleton et al (2). The sensitivity
of US for renal calculi in the current
study is substantially lower than that in
prior studies (2,9) in which US was com-
pared with radiography and conven-
tional tomography. This finding suggests
that with both radiography and CT, a
substantial number of renal calculi are
missed that are easily detected with CT.
Data from a previous study by Sommer et

al (10) in which ureteral calculi were eval-
uated suggest similar difficulties identify-
ing renal calculi at US. In that study,
seven renal calculi were identified at CT,
whereas a single renal calculus was de-
tected at US in the same group of pa-
tients.

The poor sensitivity of US demon-
strated in the current study is related to
multiple factors, the most important be-
ing the excellent contrast resolution of
CT that allows discrimination of slight
differences in attenuation within the re-
nal pelvis and parenchyma. Helical CT
enables acquisition of a volume of data
that includes the entire kidney, thus al-
lowing complete evaluation, whereas
some portions of the kidney may not be
visualized at US. Furthermore, CT is less
dependent on factors such as patient
body habitus and operator skill that are
critical to US. Calculi may be missed at
US because of a lack of acoustic shadow-
ing that can occur with intervening tissue
of different acoustic impedance. Inappro-
priate selection of transducer power and
focal length can also impair acoustic
shadowing (11). Because US has been
shown to be sensitive to nonopaque re-
nal calculi, it is unlikely that chemical
composition plays a major role in the
ability of US to depict calculi (12).

The specificity of US was found to be
90%, equal to that found in the study by
Middleton et al (2). In most cases, the
source of false-positive findings was un-
clear after reviewing the corresponding
CT scan. However, in two cases, renal
arterial calcifications were misinterpreted
as renal pelvis calculi. In another case, a

ureteral stent easily identified on CT
scans was interpreted as a 15-mm renal
pelvis calculus on US images. Nonethe-
less, the relatively high specificity and
positive predictive value of US suggests
that calculi identified on US images reli-
ably correspond to calculi, as demon-
strated with CT, particularly if radio-
graphs are reviewed to exclude vascular
calcifications and instrumentation in the
collecting system.

As shown by other investigators (2,11,
13), US sensitivity is dependent on cal-
culi size, and our data indicate that US is
poor at depicting calculi of 3.0 mm or
less. For calculi of this size, the sensitivity
of US was found to be 13%. The mean
size of missed calculi was 3.3 mm " 0.6,
whereas the mean size of calculi detected
with US was 7.1 mm " 1.2. King et al (11)
have shown that the presence of an
acoustic shadow depends on the size of a
calculus, and it follows that smaller cal-
culi are more likely to be missed if the
diagnostic criteria for calculi include
acoustic shadowing.

TABLE 5
Detection of Any Renal Calculi: Initial
Interpretation of 123 Reports

CT
Findings

Initial US Interpretation

Positive Negative Indeterminate

Positive 15 19 5
Negative 2 80 2

Note.—The sensitivity of US was 44% (95%
CI: 35%, 53%), and the specificity was 98%
(95% CI: 95%, 100%).

Figure 2. Vascular calcifications in this patient were misinterpreted as a renal pelvis calculus at
US. (a) Longitudinal US image of the left kidney demonstrates a shadowing echogenic focus
(cursors) in the renal pelvis that suggests a calculus. (b) Transverse nonenhanced CT image
reveals atherosclerotic calcification (arrows) of the segmental renal arteries.
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Because approximately 80% of calculi
smaller than 5 mm will pass spontane-
ously (14), it is reassuring that the bulk of
missed calculi are relatively small. How-
ever, this finding suggests that US is of
limited value for evaluating the progres-
sion of renal stone disease, in which the
identification of new small calculi would
be important. Likewise, small fragments
that occur after ESWL could be missed.

Although a majority of calculi missed
at US were smaller than 4.0 mm, some
were much larger, and the sensitivity of
US for calculi larger than 7.0 mm was
found to be 71%. Indeed, two 15-mm
calculi were not visualized at US. The rea-
son for such large calculi not being iden-
tified is not clear but may relate to filling
of the acoustic shadow from reverberation,
a phenomenon previously described by
King et al (11).

Accurate determination of calculi size
has implications for initial therapy, as
well as for follow-up evaluation of neph-
rolithiasis. In this regard, US is fairly re-
liable, and the mean difference between
CT and US for determining calculus size
is minimal (1.5 mm " 0.7). In a majority
of cases (79%), calculi were grouped con-
cordantly on the basis of CT and US mea-
surements. However, in a single case, cal-
culus size was incorrectly categorized as
larger than 7.0 mm by using US measure-
ments, potentially resulting in different
therapy for this patient. This type of error
has similar implications regarding evalua-
tion of calculus fragmentation after ESWL.

Our data indicate that US is a poor
modality for demonstrating the full ex-
tent of calculi burden. US enabled iden-
tification of 39% of the patients with
multiple calculi demonstrated at CT, and
in only three of these patients were all
renal calculi depicted. A study by Vrtiska
et al (13) has shown similar difficulties in
identifying the full extent of renal calculi
with US. Calculi burden and the forma-
tion of new calculi is important in the
clinical evaluation of patients with renal
stone disease, and these findings raise
questions concerning the efficacy of re-
nal US for follow-up examination of
these patients.

Because improved diagnostic accuracy
can be expected if US is observed in real
time (15), it is surprising that no substan-
tial difference was found between US sen-
sitivity in the original US reports and ret-
rospective interpretation. This finding
probably reflects the fact that our staff
members generally perform real-time
scanning only in cases in which an ab-
normality has been initially identified by
the sonographer. The improved specific-
ity and positive predictive value of the
original interpretation likely results from
the opportunity to obtain additional
views at the time of scanning, as well as
the availability of patient information
such as the presence of a ureteral stent,
thereby reducing the number of false-
positive findings.

The primary limitation of this study
was the delay between performance of US
and CT. Although the mean time be-
tween examinations was less than 1 week,
it clearly would be optimal to perform the
examinations concurrently to minimize
the likelihood of calculi passage prior to
the second examination. However, unlike
ureteral calculi that are typically being
passed when imaging is performed, we
think that a majority of renal calculi would
not be passed within the interval between
examinations used in this study.

Nonenhanced CT should be consid-
ered the standard for determining the
size, number, and position of renal cal-
culi. At our institution, we have adopted
CT as the primary modality for the detec-
tion of renal calculi. Although the cost of
CT remains a barrier to widespread use,
authors of one study (16) suggest that
modified nonenhanced CT may in fact
be less costly than a combination of ra-
diography and US. The investigators in
that study indicate that the radiation
dose with a modified helical technique
can be reduced to 10 mSv, or approxi-
mately that received from three standard
radiographs of the abdomen.
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