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Introduction

Renal colic is a common presentation of patients in
the emergency department. They often have symp-
toms of acute flank pain, hematuria or even sepsis 
secondary to urinary tract infection. The most com-
mon cause of renal colic is ureteral stone. However,
various intra-abdominal pathologies may cause the
same symptom, including appendicitis, diverticulitis,
ovarian torsion, ovarian cyst hemorrhage, vascular

aneurysm, pancreatitis, or intra-abdominal tumor.
For detailed evaluation of these patients in the emer-
gency department, intravenous urography (IVU) has
been widely used. It can provide information about
the existence, etiology, location and severity of
obstruction. However, the diagnostic accuracy of
IVU has been suboptimal. IVU may fail to detect
stones due to radiolucent stone, small stone size, or
poor opacification of the renal collecting system due
to severe obstruction. According to previous studies,
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the sensitivity of IVU for the diagnosis of ureter stone
is only around 60%.1–3 IVU also has difficulty in detect-
ing the non-urologic pathologies listed above.

Computed tomography (CT) is another imaging
modality for the detection of ureteral stones. CT pro-
vides axial cross-section images without the problem
of overlap and has better sensitivity for detecting calci-
fication than plain radiographs. In previous reports,
the sensitivity of unenhanced CT for detecting urolithi-
asis was greater than 95%.2,4 However, CT has its limi-
tations. First, the interpretation of axial images requires
experience. For those who are unfamiliar with axial
imaging, it could be difficult to differentiate a ureter
stone from phleboliths or calcification on vascular
wall. Second, the precise location of the stone on
plain radiograph was usually indeterminate by viewing
axial CT scan only.5 With the evolution of imaging
technology, multidetector row spiral CT (MDCT)
has been introduced, which brought shorter scanning
time and volumetric acquisition techniques. We can
reconstruct the axial images into curved multiplanar
reformatted (MPR) images and demonstrate the
whole course of the ureter. It combines the advan-
tages of IVU and CT—easily showing the presence of
stone in the axial image, evaluating concurrent intra-
abdominal pathology, and providing coronal images
that are more familiar to clinical physicians.6,7

The goal of this study was to prospectively com-
pare the efficacy of unenhanced CT and IVU as the
first-line imaging modality for patients with acute
renal colic in the emergency department.

Methods

Patient recruitment
From August 2002 to July 2003, patients who came
to the emergency department of our hospital with the
presentation of renal colic and who were highly sus-
pected to have ureteral stone were included. After
getting their informed consent, they underwent
unenhanced CT and curved MPR images were recon-
structed immediately on the workstation. On the
same day, patients also underwent conventional IVU
after completion of unenhanced CT. Written informed
consent was obtained from all patients before exami-
nations. Patients who were pregnant or who had renal
function impairment or previous allergic reaction to
contrast medium were excluded from this study.

Imaging protocols
Unenhanced CT: In all patients, unenhanced CT was
performed with a multidetector row helical scanner

(Somatom Sensation 16®; Siemens Co., Erlangen,
Germany) from the level of the kidney to the pubis
symphysis in breath-hold status, with the following
parameters: beam collimation, 5 × 1.25 mm; pitch, 6;
scan time, about 20 seconds. Subsequent curved
MPR 3-dimensional reformation technique focusing
on the ureter of the symptomatic side was made on a
compatible workstation (Leonardo VB30B; Siemens
Co.) by an experienced CT technologist. By manually
selecting a point within the center of the ureteral
lumen on sequential axial images, the renal collecting
system could be demonstrated completely from the
level of the renal pelvis to the urinary bladder.

IVU: A plain abdominal film was taken at the
beginning of the examination. After intravenous
administration of 50 mL of non-ionic contrast
medium (Iopamiro®; Bracco S.p.A., Milan, Italy), 5
minutes anteroposterior view, 15 minutes anteropos-
terior and bilateral oblique views, 30 minutes antero-
posterior view and post voiding view were taken.
Further delayed images were taken if necessary.

Analysis
The images of unenhanced CT and IVU were
reviewed separately by 2 experienced uroradiologists
who were blinded to the clinical history, final diagno-
sis and the results of other imaging modalities. The
final diagnosis was confirmed according to the endo-
scopic evaluation, operative findings, pathology
report and follow-up course for at least 6 months,
which were compared with the 2 imaging results.

For patients who had ureteral stone confirmed by
surgery, endoscopy or that spontaneously passed out,
the results of CT and IVU were evaluated in the fol-
lowing aspects: (1) the sensitivity of stone detection;
(2) the average examination time for each modality
(including the time for image reformation); (3) the
coexistence of other intra-abdominal pathology; and
(4) the diagnostic rate of each imaging modality.

Results

A total of 82 patients (56 males, 26 females) sus-
pected to have ureteral stone were referred from the
emergency department and underwent unenhanced
CT and IVU studies. The mean age of these patients
was 50.7 years (range, 24–80 years); 25 (30.5%) were
younger than 40 years and 45 (54.9%) younger than
50 years. Ureteral stone was confirmed in 66 (80.5%)
patients, 1 of whom had coexisting transitional cell
carcinoma and another had renal cell carcinoma.
Among the 16 (19.5%) patients without ureteral
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stone, 12 had no definite urologic abnormality and the
other 4 were confirmed to have acute pyelonephritis
(n = 1), angiomyolipoma with hemorrhage (n = 1), and
ureteropelvic junction stenosis (n = 2).

In 66 patients with ureteral stone, the sensitivity
of IVU was 59.1% (39/66). The causes of inability to
detect stone included small stone diameter (Figure 1),
radiolucent stone, or severe obstruction with poor
contrast excretion (Figure 2). Meanwhile, the sensi-
tivity of unenhanced CT was 98.5% (65/66). Only in
1 patient was a lower third ureteral stone missed due
to severe metal artifacts in the pelvis projecting from 
a hip joint arthroplasty. In 5 patients with ureteral
stone (5/66, 7.6%), the ureter was not dilated and it
was difficult to determine whether the calcification
spot was ureter stone, calcification on vascular wall 
or phlebolith in gonadal vein. By curved MPR tech-
nique, the course of the ureter could be confirmed
and we were able to confidently make the diagnosis of
ureter stone (Figure 3).

In 1 patient who had ureteral stone combined
with urothelial carcinoma in the distal ureter, IVU
failed to detect the tumor because the excreted con-
trast was obstructed by the stone and could not reach
the level of the tumor. In our study, unenhanced CT
also failed to identify the tumor due to absence of soft
tissue enhancement. In 1 patient, a coexisting renal
cell carcinoma at the lower pole of the kidney was
found, which was a Stage I lesion without involvement
of the renal collecting system and was not visible on

IVU. On unenhanced CT, the tumor was invisible on
axial imaging and could only be identified on the
reformatted curved MPR image.

By IVU study, as many as 31.7% of the patients
had inconclusive results and needed to undergo fur-
ther imaging examination. In the patients with acute
pyelonephritis, there were no significant findings on
IVU, but the typical inflammatory changes such as
unilateral renal enlargement and adjacent peri- and
pararenal fat stranding were well demonstrated on
CT images. In the patients who suffered from acute
flank pain due to hemorrhage of angiomyolipoma
rather than ureteral stone, IVU could not lead to a
definite diagnosis, while CT could detect the fat con-
tent of the renal tumor (most commonly angiomy-
olipoma) and evaluate the amount and extent of
hemorrhage (Figure 4). Among the patients with
ureteral stone, 57.6% (38/66) of them were found to
have coexisting intra-abdominal pathology according
to CT study, including adrenal gland tumor (n = 1),
gallstones (n = 1), lymphocele (n = 1), renal stones
(n = 25), hydronephrosis (n = 7), inguinal hernia
(n = 1), psoas muscle abscess (n = 1) and abdominal
aorta aneurysm (n = 1). Statistically, the sensitivity of
IVU for detecting ureteral stone was 59.1%, speci-
ficity was 100%, false-positive rate was 0%, false-
negative rate was 40.9%, positive predictive value
(PPV) was 100%, and negative predictive value (NPV)
was 37.2%. The sensitivity of non-contrast enhanced
CT was 98.5%, specificity was 100%, false-positive

A B

Figure 1. An 80-year-old male patient with left acute renal colic. (A) Intravenous urography shows mild dilatation of the left ureter
(arrows) of unknown cause. (B) Unenhanced computed tomography with curved multiplanar reformatted reconstruction shows a small
stone at the left ureterovesicle junction (arrow).
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rate was 0%, false-negative rate was 1.5%, PPV was
100% and NPV was 94.1% (Table 1). The average
examination time for conventional IVU was 108 min-
utes, while unenhanced CT required 30 minutes
(which included the time needed for the scan and
reformatting).

Discussion

IVU has been the major imaging modality for the
evaluation of the urinary system in past decades. Its
protocol has been well established and clinical physi-
cians are all familiar with its images. With intravenous
contrast medium administration, IVU can demon-
strate the whole urinary tract well, with great spatial res-
olution. However, like plain abdominal radiographs,
part of the urinary tract may be overlapped and
obscured by adjacent abdominal organs. Thus, tiny
stones might be superimposed with bone, bowel gas,

or other intra-abdominal calcified tissue and be difficult
to visualize. The sensitivity of IVU for the diagnosis
of urolithiasis has been shown to be suboptimal.1–3

We found in this study that the sensitivity of IVU was
less than 60%. About a third of patients had inconclu-
sive results from IVU study alone and further imag-
ing examinations were required.

CT provides axial cross-section images without
the problem of overlap and thus has better diagnostic
sensitivity for ureteral stones. With the implementa-
tion of multislice helical CT, the following advantages
are achieved: (1) the rapid speed allows the whole uri-
nary tract to be imaged within a single breath hold;
(2) with a few exceptions of pure matrix stone, both
radiolucent and radio-opaque stones can be identified
on CT;8 (3) the risks of contrast reaction are elimi-
nated; (4) it has the potential to aid in the diagnosis
of extraurinary causes of acute flank pain. In our pre-
vious study in 2002, 107 patients suspected of having
urinary tract lesions were evaluated with CT, which

A
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Figure 2. A 33-year-old male patient with right renal colic. (A) Intravenous
urography shows marked delayed right nephrogram and non-opacification of
the right collecting system of the right kidney, indicating acute obstructive
uropathy. The cause and obstruction level could not be determined. (B, C)
On unenhanced computed tomography with curved multiplanar reformatted
reconstruction, both the slightly dilated right ureter (arrows in B) and the small
stone at the right ureterovesical junction (arrow in C) were demonstrated.



J Chin Med Assoc • January 2008 • Vol 71 • No 134

J.H. Wang, et al

showed excellent accuracy for the detection of urolithi-
asis, neogrowth, and congenital anomalies (97.5%,
97.4% and 100%, respectively).9 Because CT had
much better sensitivity for detecting calcification than
plain radiographs,8 and the urine in the urinary system
(especially in case of hydroureter and hydronephrosis
due to obstruction) could be an ideal contrast agent
for stones, we decided to prospectively evaluate the
possibility of applying unenhanced CT in patients
from the emergency department who were suspected
to have ureteral stone. According to the results of this
study, there was a great difference in the sensitivity of

detecting ureteral stones between IVU (59.1%, 39/66)
and unenhanced CT (98.5%, 65/66), while there was
no significant difference with regard to specificity. In
this study, we also found that about a third of patients
had inconclusive results from IVU study alone and
required further imaging examinations. In unen-
hanced CT study, more than half of the patients
(57.6%) were found to have coexisting intra-abdominal
lesions, including neogrowth and inflammatory process,
all of which cannot be detected by IVU. In addition,
there was significant difference in the examination time
between IVU (mean, 108 minutes) and CT (mean,

A B

Figure 3. A 45-year-old male patient with right renal colic. (A) On serial axial images of
unenhanced computed tomography (cranial to caudal, from top to bottom), a tiny calcified
spot at the right lower abdomen (arrow in A and B) was identified. However, without
hydronephrosis and hydroureter, the course of the ureter could not be demonstrated and
the relationship between the spot and ureter was difficult to define. (B) With the curved
multiplanar reformatted reconstruction technique, the course of the ureter was clearly
demonstrated. The calcified spot was confirmed to be a ureter stone, and the minimal
dilatation of the ureter could also be appreciated.
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30 minutes, including reformatting process). Taking
all these advantages into consideration, unenhanced
CT is indeed a more cost-effective examination com-
pared to IVU in the diagnosis of ureteral stones.

With the volumetric manner of data acquisition by
multislice spiral CT, advanced 3-dimensional recon-
struction techniques, such as the curved MPR tech-
nique we applied in this study, provide images that are
more comprehensive for clinicians. They also offer
useful information for the diagnosis of ureter stones.
When the ureter was not dilated and it was difficult to
determine whether the calcification spot was ureter
stone, calcification on vascular wall or phlebolith in
gonadal vein, the course of the ureter could be
demonstrated by curved the MPR technique and thus
the relationship between the calcified spot and ureter
could be clarified, as demonstrated in Figure 3. In
addition, curved MPR images may provide additional
information for unexpected intra-abdominal pathol-
ogy. In 1 case with ureteral stone, unenhanced CT

incidentally revealed a renal cell carcinoma arising
from the lower pole of the kidney, which was not eas-
ily visible in the axial images and could only be identi-
fied in the curved MPR images.

Radiation dose is the issue that needs to be dis-
cussed when considering replacing IVU with unen-
hanced CT. In our study, about 1 third of patients
were younger than 40 years and half were younger
than 50 years. According to previous literature, the
risk of developing malignancy after radiation expo-
sure is much higher in individuals younger than 40
years than those older. According to the European
Commission Radiation Protection Report 118, the
effective dose of IVU is 2.5 mSv and that of CT is
10 mSv. However, more films are usually taken to
complete the IVU examination in cases with obstruc-
tive uropathy. By modifying some scanning parame-
ters of CT (such as lower Kv or higher pitch ratio),
the radiation dose may be reduced to a reasonable
level without compromising the diagnostic rate and
the difference between the 2 imaging modalities
might not be significant.10,11

According to this study, unenhanced CT could
efficiently provide necessary information about
patients who present with acute renal colic in the
emergency department. The diagnostic rate of CT for
ureteral stone is significantly higher than that with
IVU, and CT also avoids the nephrotoxicity and
adverse reaction caused by contrast agents. Therefore,
we suggest that unenhanced CT could be used to
replace conventional IVU as the first-line imaging
modality for detecting ureteral stones in the emer-
gency department.
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Figure 4. A 65-year-old male patient with acute right renal colic.
Unenhanced computed tomography shows a fat-containing tumor
in the right kidney with intra- and extrarenal hemorrhage (star).
Note the area of fat density within the tumor (arrows), indicating
its nature as an angiomyolipoma.

Table 1. Comparison of the results of intravenous urography (IVU), computed tomography (CT) and final diagnosis

IVU CT
Total

Positive Negative Positive Negative

Final diagnosis
Positive 39 27 65 1 66
Negative 0 16 0 16 16

Total 39 43 65 17 82

Positive = positive for ureteral stone; Negative = negative for ureteral stone.
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