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INTRODUCTION

Urinary stones are composed of  various components, 
such as calcium, uric acid, carbonate, and cystine. In the 
past, plain x-rays and intravenous pyelography (IVP) were 
the standard diagnostic tests. Since computed tomography 
(CT) has become widely used, noncontrast CT has become 
the standard test for diagnosing urinary stones owing to its 
higher sensitivity (94%–100% vs. 52%–87%) and specificity 
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(92%–100% vs. 92%–100%) compared with IVP [1-5].
Most patients will undergo extracorporeal shock wave 

lithotripsy (ESWL) or endoscopic surgery if a stone is not 
expected to pass by medical expulsive therapy. ESWL is a 
minimally invasive treatment method that does not require 
hospitalization. More than 90% of urinary stones in adult 
patients are treatable with ESWL, but the success rate is 
affected by stone size, location, component, patient condition, 
and the surgeon’s skill [6-8]. If a stone is resistant to ESWL, 
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secondary surgical options are needed. However, this can 
be economically burdensome to the patient and results in 
a longer treatment time. Among several stone components, 
uric acid stones are dif f icult to f ind on ESWL x-ray 
images, because they are radiolucent [9]. Calcium oxalate 
monohydrate (COM) stones are compact and resistant to 
shock wave lithotripsy [10].

Many studies have been done with the aim of predicting 
stone components to reduce the ESWL failure rate [11,12]. 
However, most of these studies used conventional CT at a 
single energy value, which is limited for determining the 
details of stone composition. In this study, we predicted stone 
components by use of dual-energy computed tomography 
(DECT). We focused on uric acid stones and COM stones, 
because they are unsuitable for ESWL. 

MATERIALS AND METHODS

A total of 246 patients with urinary stones were treated 
at our hospital between November 2009 and August 2013 
and were included in this study. All patients who underwent 
surgical treatment (ureteroscopic surgery, percutaneous 
nephrolithotomy, retrograde intrarenal surgery) for urinary 
stones underwent preoperative DECT, and the components 
of their stones were analyzed postoperatively. Among the 
patients, 24 had bilateral stones. A total of 270 cases were 
included in this study.

Patient demographic data were collected, and the 
stones were collected for the component analysis. These 
samples were obtained via therapeutic modalities, such 
as percutaneous nephrolithotomy and ureteroscopic stone 
removal, and were analyzed by use of Fourier transform 
infrared spectrometry (Green Cross Corp., Yongin, Korea).

DECT (Somatom Definition Flash, Siemens Medical 

Solutions, Forchheim, Germany) was performed with two 
x-ray sources. Differences in attenuation are based on the 
material-dependent Compton and photo-electric effects. Stone 
materials can be distinguished and stone composition can 
be predicted by applying different x-ray spectra, because 
the absorption will differ depending on the stone material. 
Water is blue and red, and iodine is blue. We used a second-
generation DECT instrument that had two energy sources. 
Tube A provided 140 kVp, and tube B provided 80 kVp 
of energy. Two readers analyzed the data with respect to 
stone attenuation at each energy level (x-ray diffraction 
analysis). Hounsfield unit (HU) values were measured by 
one radiology specialist using the region of interest method 
along the inner edge of  the stones (Fig. 1). The largest 
diameter of the stones in the transverse plane image was 
defined as stone size.

All statistical analyses were conducted with IBM SPSS 
Statistics ver. 22.0 (IBM Co., Armonk, NY, USA) using the 
independent-sample t-test. A p-value <0.05 was considered 
significant.

RESULTS

1. Patient characteristics
The mean age of the patients was 55.6±14.2 years. A total 

of 179 men and 91 women were included. In total, 104 cases 
involved right-sided urinary tract stones, 118 cases were left-
sided, and 24 cases involved both sides. Mean stone size was 
8.35±5.72 mm. Stones were found in the kidney, upper ureter, 
mid ureter, and lower ureter in 24, 87, 41, and 118 cases, 
respectively (Table 1).

2. Stone components
Uric acid stones were found in 79 cases and nonuric 

(a) (b)

A B

Fig. 1. (A) Uric acid and nonuric acid stones in color-coded images. Dual-energy computed tomography had excellent sensitivity and accuracy for differ-
entiating uric acid from nonuric acid stones. Uric acid stones are red in the color-coded image (a), and nonuric acid stones are blue (b) (arrow). (B) Measur-
ing Hounsfield unit (HU) values using the region of interest (ROI) method. One radiological specialist drew a circular ROI along the inner edge of the stone 
to measure the HU value. An HU value of 946.33 was determined for the left uretero-vesical junction stone.
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acid stones were found in 191 cases. Mean age was not 
significantly different between these groups (uric acid: 
61.6±14.3 years vs. nonuric acid: 53.5±13.6 years). Sixty-eight 
cases were men and 11 were women in the uric acid stone 
group and 111 cases were men and 80 were women in the 
nonuric acid stone group. Mean uric acid stone size was 
9.03±4.51 mm and that of nonuric acid stones was 8.10±6.09 
mm (p>0.05).

A total of  135 cases had calcium stones. We excluded 
calcium stones mixed with other components, such as uric 
acid and carbonate. The COM stone group (n=92) had >90% 
monohydrate content (group 1), whereas the calcium oxalate 
dehydrate stone group (n=43) had <90% monohydrate 
content (group 2). No significant difference in mean age 
was detected between these two groups (54.4±11.9 years vs. 
49.1±13.2 years, respectively). Mean stone size was 7.04±3.47 

mm in group 1 and 6.81±6.33 mm in group 2 (p>0.05).

3. DECT findings
The HU values of  the stones differed by their main 

component in the 80- and 140-kVp images. The mean HU 
values of the COM, COM+dihydrate, carbonate apatite, and 
uric acid stones were 1,190.20, 793.69, 961.73, and 511.47 on the 
80-kVp images and 753.21, 510.82, 508.35, and 481.98 on the 
140-kVp images, respectively (Fig. 2).

Mean HU values of  the uric acid stone group were 
511.47 on the 80-kVp image and 481.98 on the 140-kVp image, 
whereas those in the nonuric acid stone group were 1,099.27 
on the 80-kVp image and 706.10 on the 140-kVp image. The 
HU values were significantly different at each energy value 
(p<0.001) (Table 2). In addition, all uric acid stones were red 
on dual-energy color-coded images, whereas 184 nonuric acid 
stones (96.3%) were blue (Fig. 1A).

The mean HU values for the calcium oxalate stones 
Table 1. Patient characteristics

Characteristic Value
No. of cases 270
Age (y) 55.6±14.2
Sex
   Male 179 (66.3)
   Female 91 (33.7)
Stone size (mm) 8.35±5.72
Laterality
   Right 104 
   Left 118
   Both 24
Location
   Kidney 24 (8.9)
   Upper ureter 87 (32.2)
   Mid ureter 41 (15.2)
   Lower ureter 118 (43.7)

Values are presented as mean±standard deviation or number (%).

Hounsfield unit value
2,000

1,500

1,000

500

CaOM CaOD Carbonate Uric acid
0

80 kVp
140 kVp

Fig. 2. Mean Hounsfield unit (HU) values for stones based on the 
energy used. Different HU values were measured on 80 and 140 kVp 
images of each stone. CaOM, calcium oxalate monohydrate; CaOD, cal-
cium oxalate monohydrate+dihydrate; Carbonate, carbonate apatite.

Table 2. Characteristics of uric acid stones vs nonuric acid stones

Variable Total Uric acid Nonuric acid p-value
No. of cases 270 79 191
Age (y) 55.6±14.2 61.6±14.3 53.5±13.6 <0.001
Sex <0.001
   Male 179 68 111
   Female 91 11 80
Stone size (mm) 8.35±5.72 9.03±4.51 8.10±6.09 0.262
HU value (kVp)
   80 943.96±516.47 511.47±233.43 1,099.27±502.05 <0.001
   140 646.88±294.9 481.98±152.52 706.10±311.11 <0.001
   Color-coded Image Red (100%) Blue (96.3%)

Values are presented as mean±standard deviation unless otherwise indicated.
HU, Hounsfield units.
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in group 1 were 1,190.20 (±445.23) on the 80-kVp image and 
753.21 (±239.33) on the 140-kVp image, whereas they were 
793.69 (±413.55) on the 80-kVp image and 510.82 (±225.43) 
on the 140-kVp image in group 2. The HU values were 
significantly different for the two energy values according 
to monohydrate content (p<0.001) (Table 3).

DISCUSSION

Urinary stones are one of the most common urological 
diseases but require active treatment owing to higher 
recurrence rates and various complications. Although 
the success rates of treatment have improved, additional 
treatments are frequently required. This can waste time 
and money and frustrate clinicians and patients. Although 
ESWL is the preferred treatment for urinary stones and has 
a high success rate, ESWL-resistant stones are not rare [13,14].

In particular, uric acid stones are radiolucent and 
difficult to find on ESWL x-ray images. The ESWL success 
rate of these stones is lower than average [15]. COM stones 
are a typical ESWL-resistant stone. The ESWL success rate 
for these stones is 36.4% [16].

Thus, it is very important to identify the stone 
components to determine the most effective treatment 
modality. Most studies that have predicted stone components 
have used single-energy 120-kVp CT, which reports one 
HU value. Some prospective CT studies have measured HU 
before treatment. Ouzaid et al. [13] reported that ESWL 
stone-free rates for stones <970 HU and ≥970 HU are 96% 
and 38%, respectively. Nakasato et al. [14] reported that 
ESWL treatment success rates are significantly higher for 
stones <815 HU than for stones >815 HU.

Single-energy CT has been used to detect uric acid 
stones in vivo and in vitro [17-21]. However, it may not be 
able to predict the exact stone components. For example, 
distinguishing between calcium and struvite stones is 
difficult because of the overlapping spectra of these stones 
[22]. The most important issue is that single-energy CT 
cannot differentiate COM stones, ESWL-resistant stones, 
from calcium oxalate dihydrate stones.

Recently, DECT has been performed for patients with 
urinary stones [18-20,23]. DECT uses two energy sources of 
80 and 140 kVp. Some machines use 100 and 140 kVp. A 
contrast medium is not used for urinary stone imaging, and 
the spectrum of the stone itself is reflected. HU values are 
measured differently depending on the energy used [11,12]. 
CT shows a high diagnostic ability to differentiate uric acid 
stones from nonuric acid stones [18,20]. Although both DECT 
and single-energy CT are useful for diagnosing uric acid 
stones, the diagnostic rate of these stones is 40% with single-
energy CT and 93% with DECT [24].

However, many clinicians worry about the radiation 
hazard of DECT. In DECT, a slightly increased radiation 
dose is delivered to the patient compared with the standard 
single-energy CT protocol [25,26]. To reduce the radiation 
hazard, Stolzmann et al. [27] used a tin filter to reduce the 
radiation dose. Jepperson et al. [28] reported that DECT 
using 80/140 and 100/140 kVp protocols provides information 
on the stone components and anatomic information provided 
by single-energy CT without increasing radiation exposure 
to the patient and with a minimal impact on image noise.

Another limitation of  DECT is the small number of 
clinical studies. DECT can find ESWL-unsuitable stones, 
such as COM stones as well as uric acid stones, which 

Table 3. COM stones group (monohydrate≥90%) vs. COD stones group (monohydrate<90%)

Variable Total COM group COD group p-value
No. of cases 135 92 43
Age (y) 52.6±12.5 54.4±11.9 49.1±13.2 0.026
Sex 0.849
   Male 78 52 26
   Female 57 40 17
Laterality
   Right 62 40 22 0.548
   Left 63 43 20 0.403
   Both 10 9 1 0.951
Stone size (mm) 6.96±4.60 7.04±3.47 6.81±6.33 0.796
HU value (kVp)
   80 1,059.07±472.10 1,190.20±445.23 793.69±413.55 <0.001
   140 673.05±260.44 753.21±239.33 510.82±225.43 <0.001

Values are presented as mean±standard deviation unless otherwise indicated.
COM, calcium oxalate monohydrate; COD, calcium oxalate dehydrate; HU, Hounsfield units.
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improves its clinical usefulness. Unfortunately, most studies 
of  DECT have reported methods for detecting uric acid 
stones. Few studies have been conducted for COM stones. 

It is very important to predict stone components in an 
imaging study before treating a patient. We found that 
DECT was better able to distinguish uric acid stones and 
those with COM, which have relatively high treatment 
failure rates among ESWL-resistant stones. DECT can be 
used to predict stone components before treatment and 
reduce ESWL treatment failure, resulting in lower cost and 
time for re-treatment and increasing patient satisfaction.

Some limitations of our study should be mentioned. A 
prospective study is useful for measuring HU values before 
treatment and to check the rates of stone removal after 
treatment but is limited to collecting stones and analyzing 
their components. Our retrospective study was useful for 
measuring the corresponding HU values of  the calculus 
components but was limited for predicting ESWL results. All 
of our patients were treated surgically. ESWL is a relatively 
noninvasive procedure that is usually applied to treat 
radiopaque urinary stones. However, we do not conduct post-
ESWL stone component analyses in our hospital. Some kind 
of prospective study and a study to define effective cutoff 
values that have a higher diagnostic rate for each energy 
level will be needed. 

CONCLUSIONS

DECT was ef fective for predicting urinary stone 
components before treatment. In particular, it was more 
useful than single-energy CT for predicting uric acid stones 
and COM stones, which are often resistant to ESWL. 
Additional studies will be needed to address the limitations 
of this study.
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