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Unenhanced multidetector CT evaluation of 
urinary stones and secondary signs in pediatric 
patients

Hatice Akay, Erhan Akpınar, Onur Ergun, Cihan Akgül Özmen, Mithat Haliloğlu

The incidence of urinary stone disease in the pediatric population 
is less than in adults (1). While renal colic is the main finding 
in adults, it is observed in only 15% of children (2). While child-

hood stone disease is continuing to decrease in developed countries, 
it remains endemic in some parts of the world (2). Radiological imag-
ing has a very important role in the evaluation of stone patients. For 
this reason, direct urinary system graphy, ultrasonography, intravenous 
pyelography, computed tomography (CT), and magnetic resonance im-
aging (MRI) might be used (3). All of these imaging methods have some 
advantages and disadvantages. Unenhanced spiral CT was first used by 
Smith et al. in 1995 to evaluate urinary stones (4). Unenhanced spiral 
CT is more sensitive and specific in defining ureteral stones compared to 
other imaging methods. In diagnosis of ureteral stones in adults, find-
ings secondary to the urinary system obstruction may be used as con-
tributory (5).

In our study, urinary system stones and the incidence of findings 
secondary to ureteral stones were retrospectively evaluated with unen-
hanced multi-detector CT (MDCT) in a pediatric population.

Materials and methods
The study included 87 pediatric patients (33 girls: 37.9%; 54 boys: 

62.1%) with a mean age of 89 months (rang: 5 months to 16 years) that 
were scanned with MDCT, utilizing stone protocols, between January 
2004 and June 2005 after referral from various departments in our hos-
pital. One of the patients had a solitary kidney. Two radiology special-
ists retrospectively performed the evaluations of the CT investigations 
using PACS (picture archiving and communication systems). In CT in-
vestigations, the presence and localization of the stones, secondary signs 
associated with the ureteral stones, and the presence of concomitant 
urinary system and extraurinary pathologies were evaluated. Secondary 
signs associated with the ureteral stones, such as hydronephrosis, ure-
teral dilatation proximal to the stone, renal enlargement, perinephritic 
edema, tissue rim sign, decreased renal density, and periureteral edema, 
were evaluated.

In CT, a stone was recognized by visualization of the calcific densi-
ties in the kidneys and ureter (6-7). In diagnosis of hydronephrosis, in 
order to exclude extrarenal pelvis situations, dilation of the upper and 
lower pole calices were taken into consideration (6). Proximal ureteral 
dilatation was distinguished by visualization of the ureter distal to 
the stone with normal caliper, which was dilated proximally, and by 
visualization of the continuation of the proximally-dilated ureter with 
the renal pelvis. For enlarged kidneys, parenchymal thickness of both 
kidneys, in the sections traversing mid zone planes, and the length 
of the kidneys were measured and asymmetrical increases were not-
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PURPOSE
This retrospective study evaluated the unenhanced 
multi-detector computed tomography (MDCT) find-
ings of urinary system calculi and the secondary signs 
associated with ureteral stones in children.

MATERIALS AND METHODS
The study included 87 children (54 boys, 32 girls) 
with a mean age of 89 months (range: 5 months 
to 16 years) who were referred to us from various 
departments and were evaluated with unenhanced 
MDCT between January 2004 and June 2005. The pa-
tients were retrospectively evaluated by 2 radiology 
specialists by means of PACS (picture archiving and 
communication systems) with regard to the presence 
of stones, and localization and secondary signs asso-
ciated with ureteral stones, such as hydronephrosis, 
proximal ureteral dilatation, unilateral renal enlarge-
ment, perinephric edema, tissue rim sign, decreased 
renal density, and periureteral edema. Patients were 
scanned by 4- and 16-slice MDCT.

RESULTS
Urinary system calculi were detected in 47 (54%) 
children. An isolated stone in the urinary bladder was 
detected in one patient. In the remaining 46 children, 
43 of the detected stones were renal stones and 23 
of them were ureteral stones. Secondary signs associ-
ated with ureteral stones were detected in 69.6% of 
children who had ureteral stones.

CONCLUSION
MDCT provided evaluation of the secondary signs 
associated with ureteral stones as well as the direct 
visualization of the stones in cases with urinary stone 
disease. The ability of MDCT to detect the secondary 
signs associated with ureteral stones supported the 
diagnoses and may aid in diagnosis when difficulties 
are present.
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16-slice MDCT: collimation 1.5 mm; 
table movement 24 mm; pitch 1, 120 
kV; CareDose option providing an ef-
fective mAs of 60-120, without oral or 
intravenous contrast medium adminis-
tration; 3 mm slices from the suprare-
nal region to the symphysis pubis were 
obtained.

Results
In 47 of the 87 patients (54%), uri-

nary stones were detected in the uri-
nary system. While in one patient there 
was an isolated urinary bladder stone, 
in the remaining 46 patients, 23 ure-
teral and 43 renal stones were present. 
In 20 patients, stones were detected in 
both kidneys and ureters. The localiza-
tion of stones in the 23 patients with 
ureteral stones were as follows; proxi-
mal ureter (n = 6; 26%), distal level (n 
= 10; 43.4 %), mid level (n =  5; 21.7%), 
both mid and distal levels (n = 2; 
8.6%). Secondary signs associated with 
ureteral stones were detected in 16 of 

23 patients (69.6%) who had ureteral 
stones. Of the 23 patients with ureteral 
stones, there was hydronephrosis in 14 
(60.9%), proximal ureteral dilatation 
in 13 (56.5%) (Figure 1), renal enlarge-
ment in 9 (39.1%), perinephritic edema 
in 6 (26.1%) (Figure 2), tissue rim sign 
in 6 (26.1%) (Figure 3), decreased renal 
density in 4 (1.4%) (Figure 4), and per-
iureteric edema in 3 (13%) (Figure 5) of 
the patients.

There was hematuria in 16 of the 
children who had urinary system 
stones, hematuria and abdominal pain 
in 11, abdominal pain in 7, family his-
tory and hematuria in 4, hematuria 
and previous urinary stone history in 4 
and recurrent urinary tract infections. 
Four of these patients had hypercalciu-
ria, 1 had ornithine transcarbamylase 
deficiency, 1 had glycogen deposition 
disorder, and 1 had familial Mediter-
ranean fever.

In 7 of the patients, additional uri-
nary system pathologies was detected. 
These pathologies were neurogenic 
bladder due to operated lumbosacral 
meningocele, double collecting duct in 
one kidney and dysplasia in the other 
kidney, obstruction of ureteropelvic 
junction, angiomyolipoma, horseshoe 
kidney, pelvic kidney,  and simple re-
nal cyst.

In 14 of the patients, accompanying 
extraurinary pathologies were detected. 
There were 7 with accessory spleens, 2 
with pleural effusions, 1 with parauter-
ine fluid, 1 with fluid in the inguinal 
channel, 1 with splenomegaly, and 1 
with hepatosplenomegaly in whom 
there was glycogen deposition disor-
der.

Discussion
Many studies investigating the sen-

sitivity and specificity of unenhanced 
CT in urinary system stone disease in 
comparison with other radiological 
modalities have been published. Ac-
cording to these studies, the sensitivity 
of unenhanced CT in the detection of 
urinary system stone disease in adults 
is higher compared to other imaging 
methods (7-11).  Its most important 
disadvantage is its high radiation dose 
and its high cost (12). However, two 
important advantages of CT are short 
duration of examination and the ab-
sence of contrast medium administra-
tion (7). Additionally, by measuring 
the density of detected stones, CT pro-
vides information useful in treatment 

ed. Perinephritic edema was defined 
as the stranding of the adipose tissue 
around the kidney. Tissue rim sign 
was recognized as the visualization of 
the annular soft tissue caused by the 
edematous ureteral wall surround-
ing the stones (5). Periureteral edema 
was distinguished by the presence of 
stranding in the surrounding adipose 
tissue as a result of the inflammation 
secondary to ureteral stones. Com-
parison with the periureteric area on 
the opposite side facilitated the diag-
nosis (6). Decreased renal density was 
visually evaluated as the asymmetric 
density decrease between the two kid-
neys (5).

Examinations were performed with 
a 4-slice MDCT (Somatom, Volume 
Zoom, Siemens, Germany) (n = 52) and 
a 16-slice MDCT (Somatom Sensation, 
Siemens, Germany) (n = 35). Stone pro-
tocols were as follows; 4-slice MDCT: 
collimation 2.5 mm; table movement 
10 mm; pitch 1, 120 kV, 60-100 mAs; 

Figure 1. In a one-year-old male patient, hydronephrosis in the right kidney and proximal 
ureteral dilatation secondary to a stone in the mid 1/3 of the right ureter is seen.

Figure 2. In a 13-year-old male patient, left perinephritic edema (arrows) secondary to a left 
ureteral stone is seen. Additionally, on the ipsilateral side, hydronephrosis is observed.
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planning (13). Detection of secondary 
signs associated with obstruction in 
CT examination also provides data re-
garding the importance of the ureteral 
stone (7).

Since Smith et al. defined urinary 
system stones with CT in 1995, there 
have been many other studies of the 
detection of stone disease with CT us-
ing 5 mm and thinner sections (6-7). 

In our study, section thickness was 3 
mm.

Flank pain or abdominal pain (with 
or without hematuria), nausea, vomit-
ing, dysuria and urinary system infec-
tion are the most commonly encoun-
tered symptoms in children; however, 
in children younger than 5 years, clas-
sical flank pain may not be present 
(14). Özokutan et al. reported that 
symptoms of flank or abdominal pain 
are the most common in pediatric uri-
nary stone patients (12). In our study, 
the most common symptom was he-
maturia and abdominal pain. 

Secondary signs associated with 
ureteral stones have provided new 
contributions to diagnosis. Among 
the secondary signs, hydronephrosis, 
perinephritic edema, unilateral renal 
enlargement, unilateral absence of 
dense pyramids, prominence of latero-
conal fascia, and tissue rim sign were 
evaluated by investigators (5-6). In 
our study, hydronephrosis, proximal 
ureteral dilatation, renal enlargement, 
perinephritic edema, tissue rim sign, 
decrease in renal density, and periu-
reteral edema were evaluated.

Secondary signs are indicators of 
urinary system obstruction. When no 
stone is detected in the presence of sec-
ondary signs, then previously extracted 
stones, pyelonephritis, and causes of 
obstruction other than stones should 
be considered (6). 

Hydronephrosis, which is one of the 
secondary signs of ureteral stones, has 
been detected with CT in 69%-83% of 
adult patients (6, 12, 15). Smergel et al., 
in their study of children with ureteral 
stones, hydronephrosis was detected in 
45% of the cases (5). Strouse et al., in 
their study of a pediatric population, 
detected hydronephrosis in 73% of 
the study group (7). In our study, hy-
dronephrosis as a secondary sign was 
detected in 60.9% of patients. 

In their study of an adult sample, 
Ege et al. reported that proximal ure-
teral dilatation was found in 82.3%, 
accounting for the most common sec-
ondary sign (6). Most commonly de-
tected secondary signs among pediat-
ric patients observed by Smergel et al. 
were renal enlargement and proximal 
ureteral dilatation, both of which oc-
curred in 50% of cases (5). In our study, 
proximal ureteral dilatation was seen 
in 56.5% of the patients and it was the 
most common secondary sign after hy-
dronephrosis.

Figure 3. In a one-year-old male patient, tissue rim sign (arrow) caused by an edematous 
ureteral wall surrounding a stone in the ureter is seen.

Figure 4. In a 7-year-old male patient, minimal increase in renal size, and decreased renal 
density in the right kidney secondary to a proximal ureteral stone is seen.

Figure 5. In a 13-year-old male patient, normal periureteric adipose tissue (white arrow) is 
seen. However, ureteral wall thickening (tissue rim sign) secondary to a stone in the proximal 
left ureter and fat stranding secondary to periureteric edema (black arrow) is observed. 
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In stone disease, renal enlargement 
may be caused by edema secondary to 
acute obstruction. This entity has been 
reported to occur in between 36%-71% 
of cases in different studies (5-7). In 
our study, similar to studies among 
adults, renal enlargement was detected 
in 39.1% of the patients.

Perinephritic edema has been found 
in 36%-82% of adult patients. Ege et al. 
found perinephritic edema in 47.2% 
of patients (6). In the pediatric popu-
lation, it is observed in a lower rate 
than adults, 5%-41% of patients (5-7). 
In our study, in parallel to the litera-
ture, perinephritic edema was found in 
26.1% of our patients.

Tissue rim sign appears as a result of 
edema in the ureteral wall surrounding 
the stones. It has been reported to have 
high specificity in distinguishing ure-
teral stones from phlebolites. Strousse 
et al. reported a frequency of tissue rim 
sign of 34% (7). In our study, tissue rim 
sign was present in 26.1% of patients. 

In stone disease, a decrease in renal 
density may be observed secondary to 
obstruction. Strousse et al. reported a 
decreased renal density prevalence rate 
of 24% (7); in our study, this rate was 
17.4 %.

Periureteral edema may develop sec-
ondary to inflammatory reaction and 
obstruction by neighboring ureteral 
stones. Ege et al. found a periureteral 
edema frequency rate in adults of 59%, 
whereas Strousse et al. reported it to 
be 41% in children (6,7). In our study, 
periureteral edema was noted in 13% 
of the patients, which is significantly 

lower compared to the literature. How-
ever, the mean age of the patients that 
we evaluated was significantly lower 
than in the literature. The lower fre-
quency we observed may have been 
related to the fact that abdominal fatty 
tissue is lower in this age group, which 
may have made it more difficult to de-
termine periureteral edema in our pa-
tients.

In conclusion, while CT in urinary 
stone disease shows stones directly, 
it also permits evaluation of the sec-
ondary signs associated with stones. 
Identification of secondary signs sup-
ports the diagnosis of ureteral stones 
and contributes to the diagnosis when 
there is difficulty in stone diagnosis. 
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