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Usefulness of Color Doppler for Non—dilatational Ureteral Stone
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Abstract

Acute flank pain from urolithiasis is the most common condition in people visiting emergency
rooms. This study is to evaluate the usefulness of color Doppler in detecting ureteral stones in
patients without hydronephrosis. We performed ultrasonography and retrospective analysis on
161 patients who were suspected of urinary stones through plain radiography of the kidney,
ureter, and bladder examination or urine tests that showed positive signs of hematuria. In
ultrasonography, a total of 154 (95.6%) cases from the 161 patients were diagnosed with ureteral
stones. In color Doppler, ureteral stones with twinkling artifact (TA) in the absence of
hydronephrosis was shown in 18 (85.7%) cases of the 21 patients(p<0.001). The use of color
Doppler has a high diagnostic efficacy for the detection of indistinguishable stones,

non-dilatational ureteral stones, and middle ureter stones.
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|. Introduction visiting emergency rooms[1]. Acute pain occurs at the
narrowest anatomical areas of the ureter as a result

Acute flank or costal angle pain from urolithiasis is of obstruction of the urinary tract from urinary

the most common condition in outpatients and those stones. Urinary stone is a common morbidity and
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3-15% of the adult population suffers with urinary
stones in their lifetime[2-4]. It is estimated that
almost 50% of urinary stone patients will show
recurrence within 10 years[5].

In the past when urinary stones were suspected, to
determine the location of the stones, plain radiography
of the kidney, ureter, and bladder (KUB) and
intravenous urography was preferably used for
evaluation. Computerized tomography is used for the
diagnostic modality of urolithiasis due to less
disturbance from abdominal gas, high sensitivity of
100%, and specificity of 97.4%[6]. Nevertheless,
computerized tomography has a disadvantage of high
radiation dose exposure[7], and limits to children and
pregnant women.

Ultrasonography is relatively highly sensitive to
conditions like acute pancreatitis, acute appendicitis,
cholelithiasis, abdomen masses, pelvic masses[8],
abdominal aortic aneurysms[9], renal infarction[10],
and tubal pregnancy[11] that mimic renal colic. Since
ultrasonography is safe, non-invasive, and inexpensive,
it can be used first for diagnosing patients with a
suspicion of urolithiasis[12]. The detection sensitivity
in ultrasonography of urinary stones with the
presence of hydronephrosis was 90% for stones
greater than 6mm and 75% for those less than
6mm(13]. However in non-dilatational ureteral stones
of the excretory system, the sensitivity of
ultrasonography is further reduced to 12-37%[14].
Regarding the detection of ureteral stones, stones in
the middle ureter and that are less echogenic and not
accompanied by posterior acoustic shadow are
difficult to identify, especially in obese patients.

However in recent years, the B-mode and color
Doppler ultrasonography facilitates the detection of
urolithiasis, and the presence of twinkling artifact
(TA) implies the presence of urinary stones[15][16].

The TA presents as a rapidly changing mixture of

red and blue behind a rough interface object. TA
theories that when an incidental ultrasound beam is
reflected by a flat interface, the acoustic waves are
reflected by the interface at the same time, and so it
results in production of short wave acoustic signals.
When the incidental ultrasound beam is reflected on
a rough interface, the acoustic wave is split into a
complex beam pattern caused by multiple reflections
in the medium, resulting in prolonged pulse duration
of the transmitted acoustic signal and this result the
Doppler units interpret this as movement and thus is
assigned different colors[17].

The twinkle sign may be affected by the location of
the focal zone. When the focal zone is located below
a reflecting surface, the TA becomes more obvious
than when the focal zone is above rough reflecting
surface[18]. The TA usually decreases when the gray
scale gain is increased and increases on increasing
the color write priority, also pulse repetition frequency
decrease may produce stronger broadband signal[19].

The purpose of this study is to evaluate the
usefulness of color Doppler in detecting ureteral

stones in patients without hydronephrosis.

Il. Patient and methods

One hundred ninety three patients who complained
of acute flank, abdominal, or costal angle pain, and
suspected of urolithiasis were first examined with
plain radiography of KUB and urine tests[Fig. 1].
However, patients with fever or pain due to trauma
were excluded.

We performed ultrasonography and retrospective
analysis on 161 patients who were suspected of
urinary stones through plain radiograph of KUB or
showed positive signs of hematuria. Thrity-two

patients that showed no signs of urinary stones on
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plain radiograph of KUB or negative signs of hematuria
in the urine test were excluded from the study.

In ultrasonography, 154 out of 161 patients were
diagnosed with ureteral stones.

The ureteral stones detected by ultrasonography
were all confirmed by intravenous urography and/or
computerized tomography. The evaluation period was
from August 2015 to September 2016.

The locations of detected ureteral stones are
classified like the following: upper ureter including
ureteropelvic junction, middle ureter, and lower ureter
including ureterovesical junction. TA was confirmed
on patients of ureteral stones without hydronephrosis
or hydroureter by color Doppler.

The ureteral calculi detection method in the absence
of hydronephrosis or hydroureter are: 1) examination
of the ureter begins at the ureteropelvic junction and
follows the ureter towards the feet, 2) the middle
ureter was examined at the level where the ureter
crosses the iliac blood vessels, 3) the distal ureter and
ureterovesical junction were examined on patients
with a full bladder.

The middle ureteral calculi stone detection method
are: 1) turn the patient 45° opposite of the examination
side, 2) set the penetration depth to 80cm, 3) use
convex 5.0MHz transducer, 4) use 10.0MHz linear
transducer, 5) to visualize posterior acoustic shadowing of
the stone, focal zone should be set at stone depth.

In color Doppler ultrasonography, the color box size
was adjusted to include the stone and adjacent tissue.
The color Doppler gain was set just below the
threshold for color noise in order to eliminate the
noise generated from adjacent fat or muscle
tissues[20]. B-mode ultrasonography and color
Doppler examinations were performed with GE Logiq
5, a commercially available real-time ultrasonography
equipment, a 2.5 to 5.0MHz convex transducer, and a
80 to 120MHz linear transducer (GE Company, USA).

Suspected renal colic : 193

KUB (x-ray),
Urine test(+) : 161

KUB (x-ray),
Urine test(-) : 32

‘ Ultrasonography ‘ ‘ CT/or IVP ‘

Ureteral stone Ureteral stone
with hydronephrosis: 133 | | without hydronephrosis: 21

Ureteral stone
with twinkling artifact : 18

No ureteral
stone: 7

Ureteral stone
without twinkling artifact : 3

‘ ‘ CT/or IVP ‘

Fig. 1. Flow chart to detect ureteral stone in
patients with renal colic in the
emergency departments or outpatient

I1l. Results

In ultrasonography, a total of 154 (95.6%) cases
from the 161 patients were diagnosed with ureteral
stones. The overall seasonal incidence of ureteral
stones were most common in February and
August[Fig. 2]. Ureteral stones occurred most
frequently in January and July for males, and in
February and August for females.

The mean age of the subjects was 42.6+13.7 years
and the age range was 14-78 years. Patients with
ureteral stones consisted of 109 male (70.8%) and 45
female (29.2%6) cases. The male to female ratio was
24:1. The range of the diameter of ureteral stones
was 2.0-13.0 mm (mean=SD, 54+2.43 mm).

From the 154 patients with ureteral stones
identified by ultrasonography, 79 (51.3%) cases
involved the right ureter and 75 (487%) cases
involved the left ureter{ Table 11; both ureters showed
similar incidence.

The vertical location of the calculi was 40 (26.0%)
in the upper ureter, 10 (65%) in the middle ureter,
and 104 (675%) in the lower ureter[Table 2]; the

incidence was highest in the lower ureter.
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Table 1. Gender and location of the stones by ultrasound

Gender Location of urinary stone detection Total
Upper ureter Middle uterer Lower ureter
Male 30 8 71 109 (70.8%)
Female 10 2 33 45 (29.2%)
Total 40 (26.8%) 10 (6.5%) 104 (67.5%) 154 (100.0%)

Table 2. Location and site of the stones by ultrasound

Location Location of urinary stone detection Total
Upper ureter Middle uterer Lower ureter
Right ureter 20 5 54 79 (51.3%)
Left ureter 20 5 50 75 (48.7%)
Total 40 (26.0%) 10 (6.5%) 104 (67.5%) 154 (100.0%)

Table 3. Presence or absence of twinkling artifact of ureteral stone without hydronephrosis

Twinkle artifact Location of urinary stone detection Total
Upper ureter Middle uterer Lower ureter
Positive 0 5 13 18 (85.7%)
Negative 0 2 1 3 (14.3%)
Total 0 (0.0%) 7 (33.7%) 14 (66.7%) 21 (100.0%)
The P-value is less than 0.0001.
Cases20 ultrasonography was shown in 3 (14.3%) cases of the
21 patients[Fig. 4]. There was a significant difference
15
between the two groups. Seven cases (4.3%) had no
=M ureteral stones or hydronephrosis(P<0.001).
mF
TOTAL

1 23 45 6 7 8 9 101112 Month

Fig. 2. Incidence of male and female ureteral
stones according to season

Ureteral stones with the presence of hydronephrosis
were shown in 133 (82.6%) cases of the 154 patients.
Ureteral stones with the absence of hydronephrosis
was shown in 21 (13.0%) cases of the 154 patients: 7
cases (33.3%) in the middle ureter, 14 cases (66.7%)
in the lower ureter including the ureterovesical
junction[Table 3].

Ureteral stones with TA in the absence of
hydronephrosis in color Doppler ultrasonography was
shown in 18 (85.7%) cases of the 21 patients
(p<0.001)[Fig. 3]. Ureteral stones without TA in the
color  Doppler

absence of hydronephrosis in

Fig. 3. Ureteral stone with twinkling artifact.
A. Color Doppler application of the

kidney without the presence of
hydronephrosis: a middle ureteral stone
with twinkling artifact posterior (thin
arrow) to the hyperechoic focus (fat
arrow). B. Color Doppler of the kidney
application without the presence of
hydronephrosis: a suspicious upper
ureteral stone with a posterior weak
twinkling artifact (thin arrow) and an
intravenous urography examination shows
a sudden ureteral closure (fat arrow)
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Fig. 4. Ureteral stone without twinkling artifact.
Color Doppler application of the kidney
without the presence of hydronephrosis:
a middle ureteral stone without a
posterior twinkling artifact (fat arrow)

VI. Discussion

The pain of unilateral ureteric colic is due to
obstruction of urinary flow, with a subsequent
increase in ureteric wall tension. The assessment of
acute flank pain is diverse and the efficacy varies
according to radiologic modalities. The results are
different depending on what is considered appropriate.
This is because there are merits and limitations
according to each diagnostic modality.

Plain radiography of KUB was useful to find the
size and location of radiopaque stone calculi as upper
ureteral stones were more common than lower.
However in plain radiography used in renal colic,
there is a limited diagnostic value: 53-62% in
detection sensitivity and 63-69% in specificity of
urinary stones[22][27]. As a disadvantage, in KUB
10-20% of radiolucent stones cannot be visualized,
and is affected by body size, gas in the intestines, and
requires preparation of the patient[23].

Intravenous urography provides structural and
functional information, including location, size of
stone, and degree and nature of obstruction, and can
also visualize 80% of radiopaque stones[24]. Despite
its usefulness, there are some undesirable aspects of
Intravenous urography, including radiation exposure,

contrast reaction, and risk of nephrotoxicity[25]. In

patients with pre-existing renal failure and diabetes
mellitus, the risk of contrast-induced nephrotoxicity
is 25%[26].

The helical computed tomography was accurate for
the diagnosis of the major disease that caused not
only flank pain, but also acute abdominal pain.
Unenhanced helical computed tomography (UHCT) is
the gold standard for detecting urinary stones[27] and
has been established to be the most useful method in
the detection of ureteral stones with a sensitivity of
97%[8].  The helical
tomography has proved to be more diagnostically

unenhanced computed

accurate than excretory urography and no
contrast-related side effects, particularly in vulnerable
patients, were discovered. Computed tomography has
a concern for radiation exposure, such as additional
radiation dose and cumulative effective doses during
follow—up examinations[28].

Ultrasonography is a radiation—free diagnostic tool
that can be very accurate. However, it has a limited
role in the diagnosis of urinary stones. Mahmoud et
al.[22] studies showed a low specificity of 65.4% for
detecting ureteral stones by B-mode ultrasound
examination alone. By contrast, Ripollés et al.[29]
stated that the sensitivity increased from 12% to 81%
when secondary signs of ureteral obstruction were
included in the diagnosis of urolithiasis. Ozden et
al.[30] reported that the sensitivity of ureteral stones
was 609% in grade 1 and 95% in grade 3
hydronephrosis. In this study, the detection sensitivity
of ureteral stones with the presence of hydronephrosis
was 86.3%. Similar results were obtained with other
studies.

In non-dilatational ureteral stones, the sensitivity of
B-mode ultrasonography decreases. Therefore
recently, color Doppler ultrasound is used to increase
the sensitivity of the detection of ureteral stones. The

presence of TA is strongly suggestive of the presence



HIZEd 2EZMol gt 22 =22{9] R84 125

of urolithiasis[31]
shadowing as a major diagnostic sonographic
finding[32]. In this study, the sensitivity of color

and have replaced posterior

Doppler ultraosonography was 85.7% for ureteral
stones with TA in the absence hydronephrosis. Kim
et all33] reported a sensitivity of 93% and a
specificity of 9% for urinary stones with color
Doppler equipment. Previous article reported that
color Doppler sensitivity was 100% for absolutely
positive urinary stones, and 25.8% for suspected
positivity shown in B-mode ultrasonography[34].
Therefore, the use of color Doppler equipment for
detecting urinary stones will be very useful. In the
cases of ureteral stones without TA in the absence of
hydronephrosis was 14.3%, probably due to obesity,
short breathing, or lack of cooperation of the patient
with the ultrasonography techniques.

Bultitude et al.[35] demonstrated that urinary stones
occur almost twice more in males than females, and
the peak age is between 40 and 60. In this study, half
of the cases of ureteral stones were discovered in
people in their 40s and 50s (46.8%), and the male to
female ratio was 2.4:1, which was similar to other studies.

Increased incidence of nephrolithiasis is strongly
associated with race or ethnicity, region of
residence[36], association with temperature, various
meteorological parameters, climates, and geographical
locations[37]. Seasonal changes showed high urinary
calcium saturation in males during summer and in
females during early winter[38]. Park et al.[39] found
that the incidence of urinary stones was at peak from
June to September, and decreased remarkably after
September. When the temperature passed 184 °C,
urinary stones increased significantly and reported
association with temperature. In the study, the
seasonal incidence of urinary stones is most common
in January, February and August. Ureteral stones
occurred most frequently in males in January and

July, and in females in February and August.
Therefore, urinary stones occur mainly in cold winter
and hot summer. In other studies, the occurrence of
urinary stones is higher in warmer climates[40]. In
the same country, the incidence of urinary tract
stones may be due to differences in the subject’s
area, occupation, and economic income level.

In this study, the vertical location of urinary stones
was most common in the lower ureter with a
percentage of 67.5, followed by 26.0% in the upper
ureter, and 6.5% in the middle ureter. In the study of
Ahmad et al[41] stones were most common in the
lower ureter with 5096, followed by the upper ureter
with 20%. Oh et al.[42] showed that 66.8% of urinary
stones were detected in the lower ureter, 25.6% in the
upper ureter and 7.5% in the middle ureter. In this
study, the location of the stones was similar to the

results of other researchers.

V. Conclusions

Ultrasonography is relatively inexpensive, universally
available, and preferential, so it can be used to
diagnose urinary stones in patients with flank pain.
The use of color Doppler has a high diagnostic effect
for the detection of indistinguishable
non-dilatational ureteral stones, and middle ureter stones.
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