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Abstract
Background: Twinkle artifact, also known as color Doppler comet-tail artifact, occurs behind 
very strong, granular, and irregular reflecting interfaces such as crystals, stones, or calcifica-
tion. This is visualized as a random mixture of red and blue pixels in the high-frequency shift 
spectrum located deep to the interface. Study results have suggested that the sonographic 
twinkling artifact may aid in the detection of renal stones with a variety of reference standard 
imaging modalities, including abdominal radiography, excretory urography, gray-scale sonog-
raphy, and CT. Material and methods: Our retrospective observational study included children 
who had undergone abdomen/renal ultrasound for kidneys stones in our radiology depart-
ment between 2013 and 2019. Presence of the twinkle artifact, and stone numbers and sizes 
were documented. CT examinations done <3 months prior to or after US were retrospectively 
assessed to confirm the presence of kidney stones as a reference standard. Results: Thirty-three 
abdominal renal US scans of 33 patients (21 males, 12 females) fulfilled the entry criteria. The 
interval between the US and CT was <3 months for all patients. The median overall age of the 
patients was 4 years (IQR: 3.125, range: 1– 165 months), The median number of days between 
the US and CT was 13 (IQR: 26, range: 0–81 days). US detected 33 hyperechoic foci suspected 
to be stones; 26 were confirmed as true positive (i.e. showed the twinkle artifact and were seen 
in CT), 4 were false positive (showed the twinkle artifact but were not seen in CT), and 3 were 
false negative (did not show the twinkle artifact but were seen in CT). The overall median stone 
size was 2 mm in the right kidney, and 5 mm in the left kidney (IQR: 6,11 mm), respectively. 
Twinkle artifact sensitivity was found to be 89.7% (95% CI 39.574%–90%). The twinkle artifact 
was assessed in all true-positive stones, determining a relatively high PPV of 26/29 (86.7%) for 
the twinkle artifact. The twinkle artifact was not dependent on stone size. Specificity for the 
twinkle artifact could not be calculated due to a lack of true negatives. Conclusion: The twinkle 
artifact is a sensitive US tool for detecting pediatric kidney and ureter stones, but with a small 
risk of false positive findings.
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promoting nephrolithiasis, such as volume depletion, infec-
tion, or the intake of foods high in lithogenic solutes(3,4). In 
view of the fact that the vast majority of pediatric stones 
are calcium based(5), investigating causes should be focused 
on factors that contribute to an increased calcium excre-
tion(4). There are some known underlying metabolic distur-
bances which increase the risk of stone development, such 
as Dent disease, primary hyperoxaluria, or Lesch-Nyhan 
syndrome(4). 

There are no typical presenting symptoms of renal stones 
in the pediatric age group, and they usually present with 

Introduction

Renal stone is one of the common findings in daily medical 
practice, and it is usually seen in the adult population rather 
than the pediatric population(1). However, it has been noticed 
that the incidence of renal stones has increased 5 times in com-
parison to the previous decade in the pediatric age group(2). 

Renal stones are considered less common in children in 
comparison to the adult population, and result from a mul-
tifactorial process that involves both the patient’s underly-
ing metabolic background and environmental conditions 
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nonspecific poorly localized pain in the abdomen or pel-
vis(6). Gross hematuria can also be seen in adolescents(4).

A nonenhanced computed tomography (CT) scan is the 
modality of choice to evaluate renal stones, being charac-
terized by both high sensitivity and specificity. However, 
the evaluation of renal stones in children should be per-
formed while limiting the ionizing radiation as far as pos-
sible. Therefore, ultrasound (US), being a widely available 
technique, is considered the modality of choice to obtain 
non-ionizing higher resolution images. According to the 
recently published guideline, US should be the initial imag-
ing modality for use in children with nonspecific abdomi-
nal symptoms and those suspected of having renal stones(7). 

Several ultrasonographic features are known to be associated 
with renal stones, which have been described in the literature, 
such as the presence of the twinkle artifact. One can identify 
the twinkle artifact as an intrinsic machine noise which pres-
ents as a focus of alternating colors on the Doppler mode 
signals, related to a strongly reflecting interface of an object 
and giving the appearance of turbulent blood flow. 

A few studies have confirmed the usefulness of the twinkle 
artifact in detecting renal stones, but with variable degrees 
of sensitivity. For example, a study performed in an adult 
age group found that the twinkle artifact was associated 
with a high sensitivity for detecting renal stones but also 
with a high false positive rate(8). Another study compared 
the presence of the renal twinkling artifact in association 
with nephrolithiasis, revealing that it was relatively insensi-
tive in routine clinical practice and had a high false positive 
rate(9). On the other hand, some studies mention that the 
use of color-Doppler US is a preferable option for the sen-
sitive detection of tiny nephrolithiasis(10). One recent study 
conducted in a pediatric age group showed that the twinkle 
artifact was characterized by sensitivity reaching up to 88% 
(95% CI 72–96%)(11). 

The purpose of our study was to assess the sensitivity of the 
twinkle artifact as an aiding tool to diagnose kidney stones 
in the pediatric age group by ultrasound.

Material and methods

The study had a retrospective design. Local institutional 
approval was acquired. The study population consisted 
of pediatric patients (<14  years) who had undergone 
abdomen/renal ultrasound in a single healthcare facility 
between February, 2013, and August, 2019. All finalized 
abdomen/renal ultrasound reports containing the words 
twinkle, twinkling, and kidney stones (n = 287) were iden-
tified by query of the institutional picture archiving and 
communication system (PACS).

Our inclusion criteria were: patient age <14 years, avail-
ability of images from a reference standard nonenhanced 
thin-section (≤2.5 mm), and abdominal CT examination 
performed within 90 days before or after the abdomen/
renal ultrasound examination (n = 33). 

The exclusion criteria were: any patient who received 
treatment or intervention for kidney stones such as neph-
rostomy tubes in between the ultrasound and CT, and any 
patient with nephrocalcinosis.

Anonymized US and CT reports and images were random-
ized and retrospectively reviewed by three radiologists 
(pediatric radiology consultant, pediatric radiology fellow, 
and senior radiology resident). The following parameters 
were recorded: gender of patient (male/female), age of 
patient (months), stone with the twinkle artifact (yes/no), 
number of stones, location of stones (right/left, kidney), size 
of stone (mm), is the stone seen in CT? (yes/no), and num-
ber of days between the US and CT assessments. 

Abdominal CT was used as the reference standard. 
Subgroup analysis was based on the discrepancies regard-
ing the presence of the twinkle artifact stone between the 
US and CT. The first group was true positive (US showed 
the twinkle artifact and a stone was also seen in CT), the 
second group was false positive (US showed the twinkle 
artifact but a stone was not seen in CT), and the third group 
was false negative (US did not show the twinkle artifact 
but a stone was seen in CT). SPSS V25 was used for data 
analysis. 

Results

Thirty-three abdomen/renal ultrasound scans of 33 
patients (21 males,12 females) fulfilled the entry criteria. 
The interval between the US and CT was <3 months for 
all patients. The median overall age was 4 years (IQR: 
3.125, range: 1–165 months), and the median number 
of days between the US and CT was 13 (IQR: 26, range: 
0–81 days) (Tab. 1). US detected 33 hyperechoic foci 
suspected for stones; 26 were confirmed true positive 
(showed the twinkle artifact and stones were seen in CT) 
(Fig. 1), 4 were false positive (showed the twinkle artifact 
but no stones were seen in CT) (Fig. 2), and 3 were false 
negative (did not show the twinkle artifact but stones 
were seen in CT). The overall median stone size was 
2 mm in the right kidney, and 5 mm in the left kidney 
(IQR: 6,11 mm), respectively.

Twinkle artifact sensitivity was found to be 89.7% (95% CI 
39.574%–90%), and specificity could not be calculated due 
to a lack of true negatives (Tab. 2). 

The true positive subgroup consisted of 26/30 (kidney) 
stones. The median stone size was 10 mm (IQR: 11 mm, 
range: 2–25 mm), and the median number of days between 

Gender
male 21 (63.6%)

female 12 (36.4%)

Age
median 4.00

IQR 3.125

Number of stones
Median 1.00

IQR 1.00

Tab. 1. �Frequency distribution of demographic variables
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There was no difference between the subgroups regarding 
stone size, age or number of days between the US and CT 
(p = 0.767, p = 0.736, and p = 0.194, respectively).

Discussion

This was a retrospective observational study using abdomi-
nal CT scans as a reference standard to test the hypothesis 
that the twinkle artifact occurs in most pediatric kidney 
stones, and with high sensitivity. 

The twinkle artifact is a complex phenomenon. The most 
accepted theory nowadays is that the presence of a narrow-
band noise due to fluctuations in the circuits of the Doppler 
US equipment is the underlying cause of this sign. It is 
mainly observed on rough, hyperechoic, irregular surfaces 
with multiple cracks which cause a strong reflection of the 
incident US waves and multiple internal reflections which 
widen the spectrum. The appearance of the twinkle artifact 
is correlated with the roughness of the stones – the greater 
the surface roughness, the greater the artifact(12). This can 
explain why in 3 cases we did not find the twinkle artifact 
due to the smooth, regular interface of the stone surface. 
False positive twinkle artifact is thought to be a result of 
various causes such as parenchyma-vascular interface, 
nephrocalcinosis and (to a lesser extent in children) vas-
cular calcification(13).

the US and CT in this subgroup was 9 (IQR: 23, range: 
0–66 days). The twinkle artifact was assessed in all true 
positive stones, revealing a relatively high PPV of 26/29 
(86.7%) for the twinkle artifact. The twinkle artifact was 
not dependent on stone size (Tab. 2).

The false positive subgroup consisted of 4/30 (kidney) foci 
(13.3%). The median stone size was 8 mm (IQR: 10 mm, 
range: 3–15 mm), and the median number of days between 
the US and CT in this subgroup was 32.5 (IQR: 57.25, 
range: 9 –81 days) (Tab. 2).

The false negative subgroup comprised 3 stones (100%). 
The median size was 15 mm (IQR: --, range: 2–15 mm), and 
the median number of days between the US and CT was 26 
(IQR: --, range: 11–28 days) (Tab. 2).

US findings
True positive False positive False negative

Number of cases 26 4 3
Days between  

US and CT (9,23) (32.5, 57.25) (26, --)

% of twinkle artifact 
positive cases 86.7% 13.3% N/A

Size in mm  
(median, IQR) (10,11) (8,10) (15, --)

Tab. 2. �Subgroups analysis

A B C

Fig. 1. �A 10-year-old female: a known case of thoracolumbar scoliosis. A. Gray-scale ultrasound of the left kidney showed left renal pelvis stone 
with posterior shadowing, measuring 13.6×12.2×4.3 mm. B. Color-Doppler ultrasound of the left kidney showed the twinkle artifact 
within the stone. Nonenhanced CT scan of the abdomen and pelvis was done 1 month later, confirming the presence of the stone

A B C

Fig. 2. �A 6-year-old male: a known case of acute lymphoblastic leukemia with hematuria. A. Grey-scale ultrasound of the left kidney showed 
mild left hydronephrosis with non-shadowing echogenic foci in the lower pole. B. Color-Doppler ultrasound of the left kidney showed 
the twinkle artifact within the left lower pole echogenic focus. Enhanced CT scan of the abdomen and pelvis showed bilateral mild 
hydronephrosis with no stones in the left kidney
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Our data show high sensitivity of the twinkle artifact in 
pediatric patients, reaching up to 89.7% (95% CI 39.574%–
90%), with a relatively high positive predictive value reach-
ing up to 86.7%. However, one needs to take in consid-
eration the fact that there is a small risk of false positive 
results. Our results are comparable to those obtained in 
a recent study, showing the sensitivity of 88% (95% CI 
72–96%)(11). We found that the twinkle artifact can be 
detected already in small stones (as small as 2 mm).

Although not significant, the median stone size in the true 
positive subgroup (median: 10 mm) was larger than in 
the false positive subgroup but smaller than in the false 
negative subgroup median (median values: 8 and 15 mm, 
respectively).

The limitations of our study include small population size, 
since we use ultrasound in our center as a primary tool to 

detect kidney stones in pediatric patients and reserve CT 
for complex or questionable cases, if clinically needed; and 
the lack of knowledge about the biochemical composition 
of stones which may influence the twinkle artifact(14). 

Conclusion

The twinkle artifact is a sensitive US tool for detecting pedi-
atric kidney and ureter stones, but with a small risk of false 
positive findings.
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