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Purpose To evaluate the sensitivity of corticomedullary-phase imaging for detecting urinary stones
in patients with renal colic who visited the emergency department.

Materials and Methods This retrospective study included 253 patients with suspected renal colic
from two tertiary hospitals in South Korea, who visited the emergency department and underwent
CT urography. Two radiologists blinded to the clinical history independently reviewed the corticome-
dullary-phase images. The sensitivity for identifying urinary stones were evaluated for each reviewer.
After the initial evaluation, the images were re-evaluated based on patient history. The sensitivity of
re-evaluation were recorded.

Results Of 253 patients, 150 (59%) had urinary stones. Among them, significant stones were observed
in 138 patients (92%), and obstructive changes on CT in 124 patients (82.7%). For identifying signifi-
cant urinary stones, the sensitivity was 98.6% (136/138) for both the reviewers. For identifying signifi-
cant urinary stones with urinary obstruction, the sensitivity was 99.2% (123/124) for reviewer 1, and
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100% (124/124) for reviewer 2. The sensitivity for identifying significant stones increased from 98.6%
to 100% for reviewer 1, and from 98.6% to 99.3% for reviewer 2 in the re-evaluation session.
Conclusion The corticomedullary-phase CT urography was sensitive for diagnosing urolithiasis in
patients with acute renal colic who visited the emergency department.

Index terms Multidetector Computed Tomography; Urography; Renal Colic; Emergency Service,
Hospital

INTRODUCTION

Urolithiasis is a major problem causing emergency department visits. Therefore, it should
be considered in the differential diagnosis of acute abdominal pain. The overall standardized
lifetime prevalence of acute renal colic is approximately up to 11.5% in the general population
of South Korea (1). In the USA, approximately 1 to 2 million individuals visit the emergency
department because of renal colic (2).

Non-enhanced CT is the imaging modality of choice for patients presenting with acute renal
colic and suspected urolithiasis (3-5). However, in emergency situations, dynamic contrast-en-
hanced CT, including the non-enhanced phase, is often used for rapid and accurate diagnosis
because symptoms similar to those of renal colic can be caused by other non-calculous condi-
tions (6, 7). Non-enhanced CT has high sensitivity (95%-100%) and specificity (94%-96%) for
the diagnosis of urolithiasis (8) but has some limitations in the differential diagnosis of non-
urologic cases of abdominal pain and other pathologies. Conversely, a few studies have report-
ed that enhanced CT, including portal venous-phase imaging, is highly sensitive for the eval-
uation of 2-3-mm urolithiases (5, 9).

In our hospital, dynamic enhanced CT, such as CT urography, prescribed by clinician, is
routinely performed for patients with renal colic in the emergency department, except when
contrast media could not be used. In daily practice, we observed that it was possible to diag-
nose patients with symptomatic urolithiasis who visited the emergency department with only
enhanced CT. Therefore, the purpose of this retrospective study was to evaluate the diagnostic
sensitivity of corticomedullary-phase CT for significant urolithiasis in patients who visited

the emergency department.

MATERIALS AND METHODS

STUDY DESIGN AND PATIENT DEMOGRAPHICS

This retrospective study was approved by our Institutional Review Board, and the require-
ment for informed consent was waived. Herein, patients were identified from two academic
tertiary hospitals (Korea University Guro Hospital [institution A] and Korea University Anam
Hospital [institution B]) in South Korea. For patients with acute renal colic or suspected geni-
tourinary symptoms visiting the emergency department, CT urography is commonly ordered
by the emergency physicians in these two hospitals. Therefore, we used a picture archiving
and communication system to identify consecutively registered patients who underwent CT
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urography in the emergency department from December 2019 to January 2020 (n = 289). Af-
ter reviewing the electronic medical records, we excluded 36 patients who did not have acute
renal colic or urinary symptoms. We, however, did not exclude patients who underwent previ-
ous surgery, such as renal transplantation (n = 3), radical nephrectomy (n = 4), or other genito-
urinary-related procedures (n = 2) to simulate the usual clinical setting. Finally, 253 patients
(mean age, 48.9 years; age range, 15-93 years; 141 male and 112 female) were included in this

study (94 patients from institution A and 159 patients from institution B).

CT TECHNIQUES
CT urography was performed using two 128-MDCT scanners (Somatom Definition Edge and

Somatom Definition AS Plus; Siemens Healthcare, Erlangen, Germany). CT scans were ob-
tained with the following parameters: tube voltage, 100 kVp with automatic tube current mod-
ulation; beam collimation, 0.6 mm; and rotation time, 0.5 seconds. The scan protocols in the
two institutions were not identical. The reference tube current was 150 mAs in the unen-
hanced scan and 245 mAs in the enhanced scan at institution A and 289 mAs in all scans at in-
stitution B. After an unenhanced scan was obtained, 1.5 mL/kg of non-ionic contrast material
was administered through a 20- or 22-gauge antecubital venous catheter at a rate of 3.5 mL/s.
At institution A, corticomedullary- and excretory-phase images were acquired 60 seconds and
5 minutes after contrast medium injection for all patients, respectively. At institution B, corti-
comedullary- and excretory-phase images were acquired 40 seconds and 5 minutes after con-
trast medium injection, respectively. The definition of corticomedullary-phase is images ac-
quired 25-70 seconds after contrast injection (10, 11). The image data were reconstructed at

slice thicknesses and intervals of 5 mm (institution A) and 3 mm (institution B).

IMAGE ANALYSIS

Axial corticomedullary-phase images were independently reviewed by two radiologists
(Y.S.P., who has 13 years of experience in abdominal imaging, and S.Y.L., who is in the second
year of residency training at the time of writing), who were blinded to the other phase CT im-
ages and clinical history. They assessed the presence of urolithiasis with free adjustment of
the window setting and recorded the number and location of stones, if any. When there were
multiple urolithiases, the reviewers were asked to select one significant stone in consideration
of urinary obstruction or size. Except for significant stones, urolithiasis was identified as an
incidental stone. Each reviewer’s confidence level was scored for each CT scan (from 1 = not
confident at all to 5 = very confident). The time taken to detect suspected urolithiasis was re-
corded for each patient. When there was no urolithiasis, the time taken to be certain that
there was no urolithiasis was recorded. At 2-week intervals after the initial evaluation, the cor-
ticomedullary-phase images were re-evaluated on the basis of patient history.

As a reference standard, the CT urography images at all phases were retrospectively re-
viewed by a board-certified radiologist (B.P. with 6 years of experience in abdominal imaging)
with access to information on clinical history. The number, size, and location of the stones
were recorded. The stone size was measured as the greatest diameter on the non-enhanced
axial image at a magnification of 5 to minimize potential measurement errors. To determine

urinary obstruction on the CT images, we evaluated asymmetric hydronephrosis, delayed re-
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nal enhancement, or perinephric fat infiltration ipsilateral to the side of the stones (12). A
significant stone was defined as a case in which the location of the identified stone was cor-
related with the symptoms or urinary obstruction and there were no other causes of acute
abdominal pain or urinary obstruction. Accordingly, the patients with urolithiasis were as-
signed to the significant and incidental stone groups. For each patient, the radiation dose of
CT urography and corticomedullary-phase imaging was recorded.

STATISTICAL ANALYSIS

To compare the patient characteristics and stone demographics between the two institu-
tions, we used an independent two-sample t test. To evaluate the inter-reader agreement for
the detection of urolithiasis on the corticomedullary-phase images, we used Cohen’s x value.
The sensitivity for the detection of all urolithiases and significant stones for each reviewer was
evaluated. The sensitivity for the detection of significant stones was compared between the
groups with and without urinary obstruction using the chi-square test. The confidence level
and interpretation time were compared between the group with significant stones and group
with incidental stones or no stones using the Mann-Whitney method. For significant stones,
the confidence level and interpretation time were also compared between the groups with
and without urinary obstruction using the Mann-Whitney method. Statistical analyses were
performed using commercially available software SPSS version 24 (IBM Corp., Armonk, NY,
USA). Statistical significance was set at p < 0.05.

RESULTS

In terms of patient characteristics, there was no significant difference in the items other
than the CT radiation dose between the two institutions (Table 1). For all phases of CT urogra-
phy, the total dose length product (DLP) was significantly lower at institution A than at institu-
tion B (810.5 vs. 1359.2; p = 0.001). For the corticomedullary-phase, the DLP was significantly

Table 1. Demographic and Clinical Characteristics of the Study Population

Total Institution A Institution B p-Value
No. of patients 253 94 159
Age, years 98.8 514 47.4 0.051
Sex 0.241
Male 141 57 84
Female 112 37 75
Patient with renal stones 150 63 87 0.064
Significant renal stones 138 61 e
With urinary obstruction 124 52 72
Without urinary obstruction 14 9 5
Incidental renal stones 12 2 10
Dose length product, mGy-cm
Of corticomedullary-phase 386.8 454.1 0.003
Of total 810.5 1359.2 0.001
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lower at institution A than at institution B (386.8 vs. 454.1; p = 0.003).

Of the 253 patients, 150 (59.3%) had a total of 260 urolithiases. Of the 260 urolithiases, 138
(53.1%) were significant stones, and the remaining 122 (46.9%) were incidental stones. Among
the 138 significant stones, 124 (89.9%) showed urinary obstruction on the CT images, while the
remaining 14 (10.1%) did not. The mean size of all urolithiases was 4.3 mm (range, 1-13 mm).
Approximately 124 (47.6%) of the urolithiases were < 2 mm in size. For all urolithiases, the
most common location was the calyx, followed by the ureterovesical junction (UV]) and ure-
teropelvic junction (UPJ). For the significant stones, the most common location was the UVJ,
followed by the UPJ and distal ureter. For the incidental stones, the most common location was
the renal calyx (90.9%) (Table 2). Except for 138 patients with significant stones, the remaining
115 patients of 253 had a diagnosis other than stone; prostatitis or urinary tract infection such
as acute pyelonephritis or cystitis in 43 patients; gastrointestinal problem such as ileus or en-
terocolitis in 32 patients; ovarian problem, such as tubo-ovarian abscess, ovarian torsion, or
ovarian cyst rupture in 10 patients; 30 patients received only conservative treatment for their
symptoms without a diagnosis.

For identifying urolithiasis on the corticomedullary-phase images, the inter-reader agree-
ment was almost perfect (x = 0.876). For all urolithiases, the per-stone sensitivity was 89.2%
for reviewer 1 and 85.4% for reviewer 2 (Table 3). For all significant stones, the sensitivity was
98.6% for both reviewers (Fig. 1). For all significant stones with urinary obstruction, the sen-
sitivity was perfect for reviewer 2; meanwhile, reviewer 1 missed one significant stone with
urinary obstruction located in the mid ureter, regarded as a phlebolith (Fig. 2). For reviewer 2,
the sensitivity was higher in the significant stones with urinary obstruction than in those

without urinary obstruction (100% vs. 85.7%; p = 0.001); for reviewer 1, there no significant

Table 2. Characteristics of the stones

Significant Urolithiasis Significant Urolithiasis

Location Overall Sign'ific-:a n.t with without Incidental
Stones Urolithiasis . . . . Stones
Urinary Obstruction Urinary Obstruction
Total number of stones 260 (100) 138(53.1) 124 (47.7) 14 (5.4) 122 (46.9)
Calyx 119 (45.7) 9(6.5) 2(L6) 7 (50 111 (91.0)
Renal pelvis 7(2.7) 3(2.2) 3(2.4) 0(0) 4(3.3)
Ureteropelvic junction 36(13.8) 35(25.4) 35(28.2) 0(0) 1(0.8)
Proximal ureter 15 (5.7) 14 (10.1) 13 (10.4) 1(7.1) 1(0.8)
Mid ureter 9(3.4) 9(6.5) 9(7.3) 0(0) 0(0)
Distal ureter 24(9.2) 23(16.7) 21(16.9) 2(143 1(0.8)
Ureterovesical junction 46 (17.6) 42 (30.4) 40 (32.3) 2(14.3 4(3.3)
Bladder 4(1.5) 3(2.2) 1(0.8) 2(143 1(0.8)
Stone Size, mm _A“_ . Sign_ific_an.t
Urolithiasis Urolithiasis
<02 124 (47.7) 29 (21.0)
0.3-0.4 71(27.3) 56 (40.6)
0.5-0.6 42 (16.2) 34 (24.6)
=0.7 23(8.8) 19 (13.8)
Percentage after number in parentheses refers to the ratio.
https://doi.org/10.3348/jksr.2022.0098 927



JOURNAL of
THE KOREAN SOCIETY of
Usefulness of Corticomedullary-Phase CT Urography in Patients with Renal Colic RADIOLOGY

Table 3. Sensitivity of the Initial Evaluation and Re-Evaluation for Urolithiasis

Initial Evaluation Re-Evaluation
Reviewer 1 Reviewer 2 Reviewer 1 Reviewer 2
Overall stones, % 89.2 85.4 91.9 86.9
Significant urolithiasis, % 98.6 (136/138) 98.6 (136/138) 100 (138/138) 99.3 (137/138)
With urinary obstruction, % 99.2 (123/124) 100 (124/124) 100 (124/124) 100 (124/124)
Without urinary obstruction, % 92.9 (13/14) 85.7 (12/14) 100 (14/14) 92.9(13/14)

Parentheses refers to the ratio of the ground truth to each reviewer findings.

Fig. 1. Example of successful detection by two reviewers.
A. A stone (arrow) is located at the distal ureter.
B. This stone makes urinary obstruction in the left kidney.

Fig. 2. Example of a missed significant stone by each reviewer.
A. Reviewer 1 considered this stone (arrow) to be phlebolith.
B. Reviewer 2 missed this stone (arrow) in bladder.

]

difference was observed (99.2% vs. 98.6%; p = 0.09). One case with a significant stone was
missed by both reviewers. The size of the missed stone was less than 1 mm, and the stone was
located in the calyx, which was difficult to distinguish from the renal parenchyma on the en-
hanced CT images (Fig. 3). Another case with a significant stone of less than 1 mm located in
the urinary bladder was missed by reviewer 2 (Fig. 2).

For identifying urolithiasis, the overall confidence level was 4.64 for reviewer 1 and 3.98 for
reviewer 2. The confidence level was higher in the patients with significant stones than in
those with incidental stones or no stones (4.95 vs. 4.27 for reviewer 1 and 4.75 vs. 3.03 for re-
viewer 2; p = 0.001). For identifying significant stones, the confidence level was higher in the

patients with urinary obstruction than in those without urinary obstruction (4.98 vs. 4.71 for re-
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Fig. 3. Example of a missed case by two reviewers.

A. A significant stone is located at the left calyx (arrow), which is difficult to differentiate from the renal pa-
renchyma on the enhanced CT images.

B. This stone (arrow) is repeatedly missed by reviewer 2, despite knowing the patient’s clinical information.

Table 4. Interpretation Time and Confidence Score for Detecting Stones of Each Reviewer

Interpretation Time (s) Confidence Level
Reviewer 1 Reviewer 2 Reviewer 1 Reviewer 2
Overall CT 27.10 41.80 4.64 3.98
Incidental stones or no stones 31.20 46.20 427 3.03
Significant urolithiasis 23.60 38.10 4.98 4.87
With urinary obstruction 22.80 37.60 498 4.87
Without urinary obstruction 30.10 41.90 471 3.79

viewer 1 and 4.87 vs. 3.79 for reviewer 2; all p =0.001) (Table 4).

The mean CT interpretation time among all patients was 27.1 seconds for reviewer 1 and
41.8 seconds for reviewer 2. For both reviewers, the interpretation time was significantly
shorter in the patients with significant stones than in those with incidental stones or no stones
(23.6 seconds vs. 31.2 seconds for reviewer 1 and 38.1 seconds vs. 46.2 seconds for reviewer 2;
all p = 0.001). For significant stones, the interpretation time was shorter in the patients with
urinary obstruction than in those without urinary obstruction (22.8 seconds vs. 30.1 seconds
for reviewer 1, p = 0.002; 37.6 seconds vs. 41.9 seconds for reviewer 2, p = 0.265) (Table 4).

When the patient history was provided, and the CT images were re-evaluated, the sensitivity
for identifying significant stones increased from 98.6% to 100% for reviewer 1 and from 98.6%
10 99.3% for reviewer 2 (Table 3).

DISCUSSION

Our study demonstrated that significant urolithiasis was sensitively detected only with the
corticomedullary-phase of CT urography in the patients with renal colic who visited the emer-
gency department. Even an inexperienced radiologist could detect significant stones with a
high confidence level and sufficient sensitivity. In addition, the sensitivity of stone detection
slightly improved when the images were reviewed with access to the patient’s clinical infor-
mation.

In several guidelines, low-dose non-enhanced CT is commonly recommended as the imag-

https://doi.org/10.3348/jksr.2022.0098
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ing modality of choice for an accurate evaluation of adult patients with acute renal colic or
suspected urolithiasis (sensitivity, 97%; specificity, 95%) (13). According to the American Col-
lege of Radiology (ACR) criteria, non-enhanced CT scans were rated at 8 points (usually appro-
priate), CT with and without enhancement at 6 points (may be appropriate), and CT with en-
hancement only at 2 points (usually not appropriate) (13). However, in a previous study,
20%-35% of non-enhanced CT for acute flank pain showed that the pain originated from
causes other than urolithiasis (14, 15). In some cases, patient symptoms are too vague and
ambiguous to suspect urolithiasis before selecting an imaging modality for diagnosis. There-
fore, in actual clinical practice, enhanced CT, including the non-enhanced phase, is often pre-
scribed, and dynamic enhanced CT is frequently used. In addition, non-enhanced CT and en-
hanced CT each have their own advantages and disadvantages; however, owing to the limited
information provided by non-enhanced CT images, clinicians tend to prefer enhanced CT im-
ages over non-enhanced CT images.

Although the ACR criteria indicate that enhanced CT images are unsuitable for diagnosing
urolithiasis, a few recent studies reported that urolithiases = 2-3 mm in size could be diag-
nosed very sensitively (82%-96%) even on portal-phase images (5, 9, 16). This is probably be-
cause the CT image quality, such as spatial and contrast resolutions, has improved owing to the
recent developments in CT equipment and technology. Previous studies have investigated the
sensitivity of CT to diagnose urolithiasis on enhanced CT images (5, 9, 16). Therefore, these
studies included urolithiases regardless of the presence or absence of symptoms and inciden-
tally found stones without symptoms. In contrast, our study targeted patients with suspected
urolithiasis who visited the emergency department with acute symptoms, such as acute renal
colic. This study aimed to investigate the diagnostic ability of enhanced corticomedullary-
phase CT for significant or symptomatic urolithiasis encountered in the emergency depart-
ment. We found that 89.9% of the significant or symptomatic stones were accompanied with
urinary obstruction on CT. Signs of urinary obstruction, hydronephrosis, and perinephric fat
infiltration can be seen on non-enhanced and enhanced CT images; however, delayed renal
enhancement can only be seen on enhanced CT images. These signs of urinary obstruction
are helpful in the detection of urolithiasis and can be easily observed on enhanced CT imag-
es. Herein, these urinary obstructive changes might have contributed to the improvement of
the sensitivity (98.6%) and confidence level for detecting stones and reducing the interpreta-
tion time. In addition, they might have affected the results of the second-year resident, who
showed performance in the detection of significant stones comparable to that of the abdomi-
nal specialist.

Meanwhile, the sensitivity of corticomedullary-phase imaging for identifying all urolithia-
ses, including incidental stones, was 89.2% in this study, similar to that of other previous stud-
ies (5, 9). This result may be related to the absence of urinary obstruction in most incidentally
discovered urolithiases. Because the diagnosis of significant stones rather than incidentally
discovered urolithiases is more important for the care of patients visiting the emergency de-
partment, the relatively low sensitivity (89.2%) for identifying all urolithiases, including inci-
dental stones, is not a great concern in emergency situations. Therefore, we believe that corti-
comedullary-phase imaging can be used to diagnose acute renal colic in the emergency

department. Although a total of three cases with significant stones were missed by the two re-
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viewers, the sensitivity increased to 100% and 99.3% for reviewers 1 and 2, respectively, after
the patients’ clinical information was provided. Thus, CT interpretations with patients’ clinical
information could improve the relatively limited sensitivity for the detection of urolithiasis on
enhanced CT scans.

In real medical practice, it is not uncommon for a patient visiting the emergency depart-
ment to take only a portal phase enhanced CT at first, and then retake a non-contrast CT or
dynamic CT including non-enhancement because a renal stone is suspected later. Consider-
ing our results, since the corticomedullary-phase, an enhanced CT phase with corticomedul-
lary differentiation, showed high sensitivity in diagnosing symptomatic renal stones, additional
non-enhanced CT would not be necessary in the aforementioned situation if there were patients
with single phase enhanced CT of corticomedullary-phase. However, a commonly used abdo-
men CT in the emergency department is a portal venous phase CT image, obtained 70-90 sec-
onds after contrast injection. Since the portal venous phase is acquired slightly later than the
corticomedullary-phase (25-70 seconds), it may affect the diagnosis of renal stones due to re-
nal parenchymal enhancement. Therefore, it may be difficult to apply our study results to
portal venous phase CT.

In our study, one case of calyceal stone accompanied with acute flank pain was missed by
reviewer 2 despite knowing the patient’s clinical information (Fig. 3). In this case, additional
non-enhanced CT images are needed for accurate diagnosis. Since several guidelines recom-
mend lowering the radiation dose of non-enhanced CT for diagnosing urolithiasis (3, 4, 13), it
would be preferable to use only the necessary phase image rather than the whole-phase dy-
namic enhanced CT image, such as CT urography image, if contrast enhancement is needed.
In a previous study, there was no difference in the diagnostic performance of portal-phase CT
and multiphasic CT for the diagnosis of the causes of abdominal pain in patients who visited
the emergency department (17).

Our study has several limitations. First, it had a retrospective design and included a relative-
ly small number of patients with urolithiasis. To overcome these problems, we included pa-
tients who underwent CT urography performed using different CT protocols and reconstruc-
tion methods from two institutions in the analysis. Second, the reviewers were aware of the
purpose of our study; accordingly, the sensitivity might have been affected by the presumably
meticulous inspection of the images to identify stones. However, to limit this effect as much
as possible, we simulated a setting similar to the actual clinical practice by reviewing and ana-
lyzing all CT urography performed in the emergency department, including CT performed in
patients without urolithiasis. Nevertheless, in order to validate this result and apply the results
to clinical practice, a prospective study on the diagnostic ability of contrast enhanced CT for
symptomatic renal stone will be needed in the future. Third, we analyzed the corticomedul-
lary-phase image on CT urography, which has a slightly more rapid acquisition time than the
portal venous-phase image, a commonly used single-phase enhanced CT image. Therefore,
additional studies on the portal venous phase are needed for the application of our results to
all single-phase enhanced CT performed in the emergency department.

In conclusion, corticomedullary-phase CT urography was sensitive in diagnosing urolithiasis
in the patients with acute renal colic who visited the emergency department. CT interpretation

with patient clinical information improved the sensitivity for the detection of significant uroli-
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thiasis. Although non-enhanced CT is the modality of choice for diagnosing urolithiasis, corti-
comedullary-phase imaging can be used as an alternative in emergency situations. Further-
more, prospective study will be needed to validate the usefulness of contrast enhanced CT
imaging in the diagnosis of symptomatic renal stone in the emergency department in the future.
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