
Prospective Evaluation of Doppler
Sonography to Detect the Twinkling
Artifact Versus Unenhanced Computed
Tomography for Identifying Urinary
Tract Calculi

he twinkling artifact appears as a rapidly alternating color
Doppler signal that imitates turbulent flow, often identified
behind a strongly reflecting stationary irregular interface,

such as a renal calculus.1 However, a Doppler spectrum of the area
of twinkling shows only a heterogeneous broadband aliasing signal
consistent with noise produced by the reflected signal.
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ORIGINAL RESEARCH

Objectives—The twinkling artifact is an emerging tool for identifying urinary tract cal-
culi. The purpose of this prospective study was to evaluate the diagnostic accuracy of the
twinkling artifact compared to unenhanced computed tomography in detecting
urolithasis.

Methods—After Research Ethics Board approval, 51 patients with flank pain from the
emergency department were enrolled between November 2009 and September 2010.
Patients received an unenhanced computed tomographic scan with 1.25-mm raw data
and reformatted 5-mm axial and 2-mm coronal images. Blinded assessment of the uri-
nary tract was performed with gray-scale and color Doppler interrogation. The number
of calculi, location, size, kidney distance from the skin, body mass index of the patient,
and sonographic image parameters were recorded.

Results—There were 35 right-sided and 38 left-sided renal calculi, 14 right-sided and
21 left-sided ureteric calculi, and 6 bladder calculi (total, 114 calculi). Thirteen patients
had no calculi. The average calculus size was 2.6 mm (range, 1–9 mm). There were 6
false-positive and 22 false-negative instances of twinkling artifacts. On gray-scale eval-
uation looking for an echogenic focus with shadowing, there were 8 false-positive and
40 false-negative findings. The positive predictive value (PPV) of the twinkling artifact
for identifying calculi was 94%, and the sensitivity was 83%. The PPV of gray-scale sono-
graphic shadowing was only 64.9%, and the sensitivity was 80.2%.

Conclusions—The twinkling artifact has a high PPV for detecting renal and urinary tract
calculi. Evaluation for the twinkling artifact is a complementary technique to standard
gray-scale shadowing of calculi and improves detection of urolithiasis on sonography.
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The phenomenon was first described by Rahmouni
et al1 in 1996 as an artifact generated by a strongly reflect-
ing medium composed of small individual reflectors. The
twinkling artifact occurs with urinary tract calculi and
parenchymal calcifications, but it can also be observed with
noncalcified biliary calculi and any material with an irreg-
ular, rough, or reflective surface.2

In this prospective study, the aim was to test the diag-
nostic accuracy of the Doppler twinkling artifact for detect-
ing urolithiasis using unenhanced computed tomography
(CT) as the reference standard. 

Materials and Methods

We conducted a Health Insurance Portability and
Accountability Act–compliant study. After approval of our
institute’s Research Ethics Board, all of the enrolled
patients provided written consent. For inclusion, an unen-
hanced CT scan of the abdomen and pelvis was requested
by an emergency department (ED) physician for flank
pain. Patients were enrolled before undergoing the CT
scan; therefore, when performing the subsequent sono-
graphic examination, it was not known whether there
would be a calculus.

Computed Tomographic Technique
All CT scans were performed on a 64-slice CT scanner
(Lightspeed VCT; GE Healthcare, Milwaukee, WI). All
scans were performed with a low-dose, unenhanced “renal
colic protocol.” The images were sent to a picture archiv-
ing and communication system at the original axial 1.25-
mm slice thickness in addition to the reconstructed 5-mm
axial images and 2-mm coronal images. The 1.25-mm raw
data were reviewed to eliminate the possibility of missing
small calculi because of volume averaging. The postpro-
cessing techniques do not expose the patient to any addi-
tional radiation. One of 2 attending radiologists evaluated
the CT images while the sonographic examination was
being performed by a sonographer in a blinded fashion.
The radiologist filled out a standardized form for the CT
findings, indicating the location, size and number of cal-
culi as well as the distance from the skin surface to the renal
parenchyma. The sonographer filled out an equivalent
form for the sonographic findings to be able to compare
similarities and differences in imaging results between the
two techniques. 

Sonographic Technique
Right after the CT scan, the patient directly underwent a
limited sonographic scan of the kidneys, ureters, and blad-

der (iU22; Philips Healthcare, Bothell, WA). This exami-
nation was performed for research purposes and was not
considered the usual standard of care. It was performed
with a standard ultrasound unit, which is always situated
in the emergency radiology department, in a dedicated
room next to the emergency radiology CT scanner. The
examination was performed by a trained sonographer
using a curved low-frequency probe (2–5 MHz) and a high
pulse repetition frequency, with the machine’s scale in the
range of 60 to 70 cm/s. The pulse repetition frequency is
defined as the number of pulses sent per second. The use
of a high pulse repetition frequency is a key technical fac-
tor for identifying and documenting the twinkling artifact.
The sonographer was blinded to the results of the CT scan.
The sonographers involved in this study have between 3
and 15 years of experience. This process was selected to
reflect the nature of daily clinical practice at our institution
where sonographers typically perform the initial sono-
graphic examinations. All of the sonographers in our hos-
pital were trained with an in-service lecture followed by
one-on-one demonstrations by a radiologist to identify the
twinkling artifact before participating in this study.

The urinary tract was evaluated with both gray-scale
and color Doppler imaging. The sonographer was blinded
to the CT findings and filled out a standardized form indi-
cating the renal size, distance from the skin to the surface
of each kidney, body mass index (BMI) of the patient, pres-
ence or absence of hydronephrosis, and any areas of high
echogenicity with associated shadowing on gray-scale
images, the twinkling artifact on Doppler images, or both.
Cine clips longer than 2 seconds in duration were also reg-
istered for areas of suspected twinkling artifacts to ensure
consistency and enable reexamination of any questionable
findings.

Comparison of CT and Sonographic Results
After comparing the two standardized forms (from the
independent CT and independent sonographic evalua-
tions), the radiologist interpreting the CT scan then per-
formed an evaluation of areas in the urinary tract where
discordant results were detected between the original CT
scan and the blinded sonogram. This evaluation was per-
formed to determine whether a reason for the discrepancy
(eg, technical reason on sonography) could be identified.
Of note, the radiologist is trained in interpretation of both
CT and sonography. The data were analyzed with SPSS
version 13 software (SPSS Inc, Chicago, IL) to evaluate
the false-positive, true-negative, and false-positive rates of
the twinkling artifact as well as the sensitivity and positive
predictive value (PPV) of the twinkling artifact. 
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Results

There were 55 patients approached to participate in the
study between November 2009 and September 2010; 51
patients enrolled, and 4 declined to participate (2 had acute
pain, and 2 did not indicate their reasons). There were 17
women and 38 men with average age of 49 years (range,
28–81 years). The average BMI was 28.4 lb/in2 (range,
16.7–38.3 lb/in2; normal range, 18.5-24.9 lb/in2).

The average distances from the skin to the nearest part
of the kidney on CT were 5.6 cm (range, 1.5–10.9 cm) on
the right and 5.4 cm (range, 1.2–11. 2 cm) on the left. Dur-
ing sonographic evaluation, the sonographer frequently
compresses the overlying tissue: the average distances from
the skin to the kidney surface were only 4.5 cm (range, 1.6–
6.7 cm) on the right and 3.8 cm (range, 0.9-6.6 cm) on the
left. The average focal distances used during sonographic
evaluation were 7.5 cm (range, 4.0–11 cm) for the right
kidney and 7.3 cm (range, 3.0–12.0 cm) for the left kidney.

The average scales (representing the pulse repetition
frequency) used to identify the twinkling artifact were 67.7
and 64.1 cm/s on the right and left sides, respectively.
One hundred fourteen calculi were identified by CT; 13
(23.4%) patients referred from the ED with flank pain had
either other conditions or no clear CT findings to explain
the pain. The average size of the calculi as measured on CT
was 2.6 mm (range, 1–9 mm; SD, 1.15 mm). Ninety-seven
of 114 calculi were less than 5 mm in diameter on the axial
images (85%). Of the total calculi, there were 35 right-
sided and 38 in left-sided renal calculi, 14 right-sided and
21 left-sided ureteric calculi, and 6 bladder calculi. The
total numbers of calculi identified in the renal collecting
system were 53 on the right and 61 on the left. There were
92 true-positive twinkling artifacts, 6 false-positive artifacts,
and 22 false-negative artifacts. In comparison, for gray-scale
sonography, there were 74 true-positive findings, 8 false-
positive findings (echogenic structure with shadowing
behind it), and 40 false-negative findings for calculi. For
gray-scale sonography and the twinkling artifact combined,
there were 100 true-positive findings, 4 false-positive find-
ings, and 14 false-negative findings.

The PPV of the twinkling artifact for identifying calculi
was 94% (95% confidence interval [CI], 87%–98%), and
the sensitivity was 83% (95% CI, 72%–87%). The PPV of
gray-scale sonography for detecting urinary tract calculi
was only 64.9%, and the sensitivity was 80.2%. The sensi-
tivity for detecting calculi rose to 88% when results for both
gray-scale sonography (defined as an echogenic structure
with shadowing behind it) and the twinkling artifact were
combined, and the PPV was 96%.

There was no correlation between the skin-to-
kidney distance and the ability to identify the twinkling
artifact in cases of calculi, which indicates that the twin-
kling artifact can be identified even in overweight patients
(r = –0.178; P = .193). Data regarding the BMI were col-
lected, but because fat distribution can be variable, with
some patients having more abdominal fat than others, the
distance from the skin to the kidney surface was thought
to be a more important factor in terms of whether the
twinkling artifact could be identified, rather than strictly
the BMI.

Of the patients without urinary tract calculi, 2 were
found to have renal malignancies as causes of their flank
pain; 1 had colitis; 1 had an adnexal mass; and 2 had early
diverticulitis. No discrete causes of pain could be identi-
fied in the other 7 patients.

Discussion

Renal colic is a common indication for imaging of patients
from the ED. It is estimated that there are more than 1.2
million visits to the ED yearly in the United States with an
indication of flank pain, based on national data of 2006.3 In
addition, during routine abdominal sonography, patients
frequently have incidentally discovered echogenic struc-
tures in the kidneys, which do not always show shadow-
ing; thus, it can be challenging to definitively say whether
these foci represent calculi or not.

Both CT and sonography can be used to identify uri-
nary tract calculi. Computed tomography is generally
considered the reference standard, but benefits of sonog-
raphy include lower cost than CT, the ability to perform
the imaging test portably, and no patient exposure to ion-
izing radiation. One of the major limitations of gray-scale
sonography for identifying renal calculi is the presence of
small echogenic areas at tissue interfaces, which do not
shadow. These interfaces may be false-positively misin-
terpreted as renal calculi or conversely may obscure visu-
alization of small nearby calculi, leading to false-negative
results. Newer-generation ultrasound systems using dig-
ital processing technology perceive the twinkling artifact
more frequently than older-generation scanners, which
used analog technology.4 The twinkling artifact is not
dependent on the focus, as shown in prior studies. To
increase the yield and reproducibility of the twinkling
artifact, the examination should be performed with a low-
frequency probe (2–5 MHz) and a high pulse repetition
frequency (>50 kHz; Figure 1). In addition, a Doppler
tracing showing persistent aliasing should be recorded
for longer than 2 seconds (Figure 2).5
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Although unenhanced CT is the reference standard
in urolithiasis imaging and has sensitivity of greater than
93% and specificity of 100%, the slice thickness plays a role
in the overall sensitivity.6,7 Jin et al8 showed that the sensi-
tivity of detecting 2- to 4-mm calculi on 5-mm CT slices
was only 80%. A retrospective study that assessed the twin-
kling artifact compared to CT used the 5-mm slice thick-
ness, which carries the inherent possibility of missing
smaller calculi (85% of calculi in our cohort were <5 mm).9
To overcome this potential limitation, we reviewed the
1.25-mm raw data in addition to the standard 5-mm recon-
structed images. Dillman et al9 retrospectively studied the
diagnostic accuracy of the twinkling artifact in assessing
nephrolithasis, with an overall PPV of 78% (95% CI, 66%–

90%). The true-positive rate of the twinkling artifact for
confirmed calculi on CT was 49% (73 of 148 twinkling
foci), whereas the false-positive rate was 51% (75 of 148
twinkling foci). Our results indicated a higher PPV for the
twinkling artifact, up to 94% (95% CI, 0.87%–0.98%) and
sensitivity was 83% (95% CI, 72%–87%). This difference
could be explained by the thinner slice thickness reviewed
on CT images, which enabled detection of smaller calculi
that could have been claimed as noise and led to incorrect
false-positive results on twinkling Doppler images.

Another purported limitation of sonography is that
ureteral calculi are not always seen because of overlying
bowel gas.10 In our study, 5 of 35 ureteral calculi were not
detected either by gray-scale sonography or after applica-
tion of Doppler imaging. This limitation was encountered
in calculi located in the mid ureter. Hydronephrosis as a
secondary finding of an obstructing ureteric calculus was
observed in 2 of the 5 cases, with calculus sizes of 4 and 5
mm, respectively, as seen on CT. In routine clinical set-
tings, this finding would prompt follow-up CT. Further
analysis was limited because of the small number of
ureteric calculi in the study.

There were 40 false-negative results on gray-scale imag-
ing compared to only 22 false-negative results when the
twinkling artifact was assessed. When both gray-scale find-
ings and the twinkling artifact were used together, there were
only 14 false-negative results for urinary tract calculi. Gray-
scale sonography outperformed the twinkling artifact in 5
cases of ureteric calculi at the ureterovesical junction. When
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Figure 1. A, Coronal computed tomogram showing hydronephrosis

(arrowheads) and a lower calyceal calculus (arrow). B, Corresponding

gray-scale sonogram showing an echogenic structure corresponding to

a calculus seen on CT. C, Color Doppler sonogram of the left kidney,

with a high pulse repetition frequency (61.6cm/s), showing the area of

the twinkling artifact. 

A

B C
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we reviewed the sonographic parameters, we observed a low
pulse repetition frequency (38 cm/s) for 2 cases, which may
have accounted for these false-negative twinkling results.
The remaining 3 cases had optimized settings for the pulse
repetition frequency and focal spot. The reason for this
observation is not clear and could be attributed to the cal-
culus composition or smoothness of the surface (Figure 3).
We were not able to analyze the calculi subsequently.

There were 21 cases of urinary tract calculi in which
the twinkling artifact was present and corresponded to a
calculus on CT, but gray-scale sonography could not iden-
tify the calculi well. In some cases, during the subsequent
unblinded review by the radiologist who interpreted the
original CT scans, the calculi could be subtly identified in
retrospect after the color Doppler mode was turned off.

There were 6 false-positive findings of the twinkling
artifact. In 1 case, there were 2 pelvic phleboliths that
showed the twinkling artifact, but it was clear from the
sonograms that these were not near the ureter; thus, in a
clinical situation, this appearance would not be misinter-
preted (Figure 4). Therefore, the combination of the twin-
kling artifact and gray-scale images had only 4 false-positive
findings. Another case of a false-positive twinkling artifact
in the kidney was thought to represent some very early
changes of calculus formation based on a retrospective
review of the CT scan (1.25-mm cuts). This case may have
represented a false-negative CT result. Another false-pos-
itive twinkling artifact occurred in the same patient; it
occurred next to a small angiomyolipoma seen on CT
(Figure 5). It was still classified as a false-positive finding.
There was 1 false-positive vascular calcification in a kidney
that showed the twinkling artifact in a 48-year-old woman
with diffuse atherosclerosis. Other hypothesized potential

causes of false-positive twinkling artifact results could
include milk of calcium in a cyst, although there were no
such cases in our cohort. It is possible that some of the
twinkling artifact findings on sonography were actually
correct, but the calculi were either minuscule or of vari-
able composition (low concentration of calcium) and
thus were not identified on CT, even in retrospect. Using
low-dose renal colic CT scan protocols can lead to noisy
images, particularly in larger patients.11

We calculated the BMI for patients based on their
height and weight but also measured the distance from the
skin to the kidney on CT and sonography as predictive fac-
tors for detecting the twinkling artifact. Because patients
have different distributions of fat, we thought that the BMI
was not a sufficient measure for determining whether it

J Ultrasound Med 2012; 31:1619–1625 1623
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Figure 3. False-negative twinkling artifact in a 56-year-old man with

right-sided pain. A, Gray-scale sonogram showing an echogenic

obstructing calculus (arrow) in the distal right ureter. B, Despite opti-

mization of parameters (high pulse repetition frequency), there is no

corresponding twinkling artifact on the color Doppler sonogram (arrow). 

A

B

Figure 2. Doppler tracing of longer than 2 seconds (bottom) required to

confirm a true area with a twinkling artifact in the lower pole of the kidney

(arrow). This tracing confirms that the twinkling artifact is not simply due

to motion of the probe over an area of heterogeneous tissue.
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affected visualization of the twinkling artifact. As deter-
mined by the Spearman ρ nonparametric test, there was
no correlation between the BMI or the distance from the
skin to the kidney on sonography with respect to detecting
the twinkling artifact.

As part of this study design, the ED physicians were
not involved to reduce referral bias. Thus, if a sonographic
examination was requested from the ED, we only per-
formed the examination and did not enroll the patient
in our study. This process would explain the fairly high
average age of the patients in this study. Although a few
younger patients were included in our study cohort
(mostly with higher BMIs), in our institution, most young
patients are typically evaluated first with sonography.

One of the limitations of this study was that the patient
population was not sequential. We perform CT scans in
the ED on a 24-hour basis, but the radiologists involved in
the study were not available at all hours. Nevertheless, the
radiologists did not see or interact with the patients before
the decision to enroll them in the study; thus, patient selec-
tion bias should have been low.

Another weakness of the study was that the calculi
were not collected from the patients after they passed;
thus, we could not determine whether the cause of a false-
negative twinkling artifact was due to the shape (ie, rough
or irregular surface) or due to the composition of the calculi.
However, most urinary tract calculi (80%) contain calcium
and are therefore readily visible on CT and would be
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Figure 4. False-positive twinkling artifact in a patient with pelvic phle-

boliths. A, There is a focus of a twinkling artifact shown in the left lower

quadrant (arrow). B, On the subsequent image, however, there is a nor-

mal ureteric jet (arrow) in a separate location from the area of the twin-

kling artifact, indicating that these are pelvic pheloboliths rather than

renal calculi.

A

B

Figure 5. A, Computed tomogram from a 50-year-old woman showing

a small angiomyolipoma in the lower right kidney (arrow). B, Corre-

sponding Doppler sonogram showing an area with a twinkling artifact

(arrow) next to the angiomyolipoma (arrow). The echogenic angiomy-

olipoma is not shown on the sonogram.

A

B
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expected to be reflective on sonography.12 Other more rare
calculi include struvite calculi, zidovudine calculi, and cys-
teine calculi, which may not be as reproducibly shown on
sonography, although this issue has not been extensively
studied.12

In conclusion, the twinkling artifact, when imaged with
a high pulse repetition frequency, can show nonobstruct-
ing calculi as well as many obstructive calculi. Evaluation
for the twinkling artifact is a complementary technique to
standard gray-scale shadowing of calculi and improves
detection of urolithiasis on sonography. However, if a cal-
culus is not definitely seen in an acute setting of flank pain,
the presence of hydronephrosis on the side of the pain
should prompt a follow-up CT scan if clinically indicated.
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