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Purpose: To evaluate the efficacy of low-dose computed tomography (LDCT) for detect-
ing urinary stones with the use of an iterative reconstruction technique for reducing 
radiation dose and image noise.
Materials and Methods: A total of 101 stones from 69 patients who underwent both con-
ventional nonenhanced computed tomography (CCT) and LDCT were analyzed. 
Interpretations were made of the two scans according to stone characteristics (size, vol-
ume, location, Hounsfield unit [HU], and skin-to-stone distance [SSD]) and radiation 
dose by dose-length product (DLP), effective dose (ED), and image noise. Diagnostic 
performance for detecting urinary stones was assessed by statistical evaluation.
Results: No statistical differences were found in stone characteristics between the two 
scans. The average DLP and ED were 384.60±132.15 mGy and 5.77±1.98 mSv in CCT 
and 90.08±31.80 mGy and 1.34±0.48 mSv in LDCT, respectively. The dose reduction 
rate of LDCT was nearly 77% for both DLP and ED (p＜0.01). The mean objective noise 
(standard deviation) from three different areas was 23.0±2.5 in CCT and 29.2±3.1 in 
LDCT with a significant difference (p＜0.05); the slight increase was 21.2%. For stones 
located throughout the kidney and ureter, the sensitivity and specificity of LDCT re-
mained 96.0% and 100%, with positive and negative predictive values of 100% and 
96.2%, respectively.
Conclusions: LDCT showed significant radiation reduction while maintaining high im-
age quality. It is an attractive option in the diagnosis of urinary stones.
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INTRODUCTION

Urinary stones are one of the most prevalent diseases in 
the field of urology, but about 34% of ureteral stones cannot 
be detected by simple x-rays, and radiopaque stones are of-
ten difficult to locate within the exact lesion [1]. Intrave-
nous pyelography (IVP) was previously used in diagnosing 
urinary stones; however, the inevitable intravenous in-
jection of contrast media can cause infrequent but poten-
tially lethal complications including acute allergic re-
actions or renal toxicity. IVP also has a limitation in the 
evaluation of renal stones or radiolucent ureter stones with 

reported sensitivity of 52% and specificity of 94% [2]. For 
these reasons, nonenhanced computed tomography 
(NECT), which shows higher sensitivity and specificity 
than IVP, has widely replaced conventional IVP for the ex-
amination of patients who present with symptoms of renal 
colic in the Emergency Department [3,4]. NECT allows for 
effective detection of conditions besides urinary stones that 
are known to cause unilateral flank pain. NECT is less time 
consuming than IVP, especially in patients with obstruct-
ing calculi, and reduces the patient’s risk for complications 
due to intravenous contrast media [5]. However, despite 
the advantages of CT for the diagnosis of ureteral stones, 
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FIG. 1. Comparison of conventional 
nonenhanced computed tomography 
with filtered back projection (A, C) and 
low-dose computed tomography with 
iterative reconstruction technique (B, 
D) on a left proximal ureter stone 
(arrow).

the inherent radiation exposure applied to relatively young 
patients presenting with symptoms of urinary stones con-
tinues to raise concerns, particularly in patients under-
going repetitive studies [6,7]. The incidence of urinary 
stones is increasing, especially among children and young 
adults, and urinary stones have a tendency to recur. This 
leads to an accumulation of radiation through the patient’s 
lifetime owing to frequent and repetitive radiologic 
evaluation. Radiation exposure might thus become a crit-
ical limitation of this examination [8]. Exposure to a very 
small amount of radiation can cause cancer, especially in 
younger patients, in whom exposure to radiation has been 
shown to increase the likelihood of cancer incidence [9,10].

Recently, the medical field and the public have become 
interested in the occurrence of cancer due to radiation 
exposure. Efforts to minimize radiation exposure from 
medical procedures have already begun, with special em-
phasis on the total accumulative dose in a lifetime, in-
tensive exposure in the short term, and possible effects on 
cancer occurrence [11,12]. Reducing radiation exposure 
during the evaluation of renal colic is now one of the main 
interests in the field of urology, and low-dose CT (LDCT) 
is a most promising option for diagnosing urinary stones.

The recently introduced iterative reconstruction (IR) al-
gorithms for CT have shown promising prospects with re-
gard to dose reduction compared with standard filtered 
back projection (FBP). This is mainly due to the reduced 
image noise achieved by IR in the acquired scanning im-

ages [13].
Herein, we evaluated the efficacy of LDCT with the use 

of the IR technique for reducing radiation dose and image 
noise while maintaining clinical usefulness.

MATERIALS AND METHODS

Between May and July of 2013, a total of 69 patients who 
had a diagnosis of urinary stones in our hospital by use of 
conventional NECT (CCT) underwent an additional scan 
by LDCT. Patients were included in the study after they 
provided detailed informed consent. Exclusion criteria 
were steinstrasse in which it was hard to determine the 
characteristics of urinary stones, possibility of pregnancy, 
a previously implanted device that could affect the quality 
of the results, previous history of malignancies, and uro-
logic abnormalities such as horseshoe kidney, medullary 
sponge kidney, single kidney, and double collecting 
systems. This study was approved by the Chung-Ang 
University Hospital Institutional Review Board.

All CT scans were performed under automated exposure 
control and were reconstructed by use of FBP in the CCT 
setting and IR (iDOSE, Phillips Healthcare, Best, The 
Netherlands) in the LDCT setting. Both CCT and LDCT 
were performed without any oral or intravenous contrast 
media (Fig. 1).

A total of 101 stones (56 renal stones and 45 ureteric 
stones) were diagnosed by CCT. The age, sex, and body 
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TABLE 1. Stone characteristics as measured by CCT and LDCT 
with iterative reconstruction

   Variable CCT LDCT p-value

Height (mm)    4.27±3.02     4.27±3.09 0.959
Width (mm)     2.92±1.75     3.02±1.80 0.074
Length (mm)     3.82±2.75     3.94±2.77 0.071
Volume (mm3)   66.29±200.62   69.16±205.25 0.118
Density (HU) 483.58±330.38 506.15±368.26 0.108
SSD (mm)   98.51±27.38   96.76±29.22 0.135

Values are presented as mean±standard deviation.
CCT, conventional computed tomography; LDCT, low-dose com-
puted tomography; HU, Hounsfield unit; SSD, skin-to-stone 
distance.
All p-values determined by paired t-test.

TABLE 2. Diagnostic performance and statistical accuracy 
according to stone location

         Variable Overall Kidney Ureter

True-positive 97.0 53.0 44.0
False-positive 0 0 0
True-negative 101.0 45.0 56.0
False-negative 4.0 3.0 1.0
Sensitivity (%) 96.0 94.6 97.8
Specificity (%) 100 100 100
PPV (%) 100 100 100
NPV (%) 96.2 93.8 98.2

PPV, positive predictive value; NPV, negative predictive value.
All p-values determined by paired t-test.

FIG. 2. Two tiny (＜1 mm) right renal 
stones (arrow) were shown in con-
ventional nonenhanced computed to-
mography (A, C) while not being 
detected in low-dose computed tomo-
graphy (B, D).

mass index (BMI) of the subjects were reviewed. Interpre-
tations were made in both CT scans for stone character-
istics (size, volume, location, Hounsfield unit [HU], and 
skin-to-stone distance [SSD]), and radiation (dose-length 
product [DLP] and effective dose [ED]) by a radiologist. 
Image noise was investigated by measuring the standard 
deviations (SDs) from the region of interest (ROI) on the 
basis of measurements from the picture archiving and com-
munication system. The radiation doses (mGy) were from 
the estimation of DLP that was generated by the CT 
scanner. The ED was calculated from the DLP by multi-
plying it by the conversion coefficient (0.015 mSv/mGy/cm). 
The stone height, width, HU, and SSD (45 degree posteri-
or-lateral) were measured in the axial views of the CT im-
ages, and the length of the stone was measured in the coro-

nal view. Stone height, width, and length were used to cal-
culate the volume of the stone by using the ellipsoid formula 
(4R1R2R3/3). Diagnostic performance for detecting uri-
nary stones was evaluated by statistical analyses.

All parametric variables were compared by using paired 
t-tests between the two CT protocols and were expressed 
as mean±SD. All statistical analyses were performed with 
IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, 
USA), and were considered statistically significant with a 
p-value of ＜0.05.

RESULTS

Of the 69 patients, 44 were males and 25 were females. The 
mean age of the patients was 48.7 years (range, 19–86 
years; median, 51 years), and the patients’ average BMI 
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TABLE 3. Radiation dose according to CT protocol

                                                                           Dose  
                                 CCT LDCT reduction p-value
                                                                         rate (%)

DLP (mGy) 384.60±132.15 90.08±31.80 76.37 ＜0.001
Effective dose     5.77±1.98   1.34±0.48 76.78 ＜0.001
  (mSv)

CT, computed tomography; CCT, conventional CT; LDCT, 
low-dose CT; DLP, dose-length product.
All p-values determined by paired t-test.

FIG. 3. Image qualities were compared on conventional nonenhanced computed tomography (A) and low-dose filtered back projection 
(B) with iterative reconstruction low-dose computed tomography (C).

was 24.37 kg/m2 (range, 17.26–33.41 kg/m2; median, 24.22 
kg/m2). A total of 39 stones were ＜3 mm in maximum diam-
eter, 55 stones were 3 to 10 mm, and 7 stones were >10 mm. 
Table 1 shows the comparative stone characteristics be-
tween CCT and LDCT. The mean stone height, width, and 
length were 4.27±3.02, 2.92±1.75, and 3.82±2.75 in CCT, 
and 4.27±3.09, 3.02±1.80, and 3.94±2.77 in LDCT, respec-
tively. We found no significant differences between CCT 
and LDCT in the three stone parameters (p-values of 0.959, 
0.074, and 0.071, respectively). For CCT and LDCT, re-
spectively, the stone volumes were 66.29±200.62 mm3 and 
69.16±205.25 mm3, HU was 483.58±330.38 and 506.15± 
368.26, and SSD was 98.51±27.38 and 96.76±29.22. We 
found no significant differences between CCT and LDCT 
for the stone volumes, HU, and SSD (p-values of 0.118, 
0.108, and 0.135, respectively). For LDCT, the sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were investigated according to 
stone locations on the basis of the reference diagnosis of 
CCT (Table 2). Stones located in the kidney showed sensi-
tivity and specificity of 94.6% and 100% with PPV and NPV 
of 100% and 93.8%, respectively; stones located in the ure-
ter showed sensitivity and specificity of 97.8% and 100% 
with PPV and NPV of 100% and 98.2%, respectively (Fig. 
2). Overall, for stones located throughout the kidney and 
ureter, the sensitivity and specificity of LDCT remained 
96.0% and 100% with PPV and NPV of 100% and 96.2%, 
respectively. 

Table 3 shows the average radiation exposure dose with 
DLP and ED. The DLP and ED were 384.60±132.15 mGy 
and 5.77±1.98 mSv with CCT and 90.08±31.80 mGy and 
1.34±0.48 mSv with LDCT; the dose reduction rate of LDCT 
was nearly 77% in both DLP and ED (p＜0.01). 

Objective image noise was also compared between the 
two CT protocols. We performed the measurement of SD 
from ROIs positioned in three different areas of the liver, 
spleen, and psoas muscle to obtain information related to 
objective noise as SD. The mean objective noise (SD) from 
the three different areas was 23.0±2.5 in CCT and 29.2±3.1 
in LDCT with a significant difference (p＜0.05); objective 
noise was only slightly increased (21.2%) compared with 
the reduction of radiation dose (77%) (Fig. 3).

DISCUSSION

Within the last few decades, nonenhanced CT has become 
an essential tool for the evaluation of urinary stones with 
high sensitivity and specificity of 94%–100% and 97%, re-
spectively [14]. The larger doses and increased lifetime ra-
diation risks in a young population have produced a sharp 
increase in estimated risk from radiation, however 
[9,15,16]. Recent studies have shown that the incidence of 
urinary stone disease may be increasing, with a lifetime in-
cidence of 5% to 10% in the United States. It is estimated 
that 75% of patients with a single stone episode sub-
sequently experience a recurrence during their lifetime 
[17,18]. Among other adverse effects, exposure to ionizing 
radiation can result in carcinogenesis, which has stochas-
tic and unpredictable effects [19]. Carcinogenesis may 
transpire many years following exposure, and the risk of 
tumor induction is magnified [20]. Low-dose protocols for 
chest CT or abdomen CT for appendicitis are already estab-
lished, and similar efforts are urgently required in the field 
of urology [11,12].

The recent advances in imaging technology have greatly 
improved the chances to decrease the radiation dose while 
reducing image noise in CT examination. IR and mod-
el-based iterative reconstruction (MBIR) can improve im-
age quality and reduce image noise, which were the weak 
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points of conventional LDCT reconstructed with FBP [13]. 
Although FBP shows results after the raw data are re-
constructed from a CT scan, IR corrects the initial image 
after repeated comparisons of the measured raw data and 
the reconstructed image from the CT scan. MBIR is the ad-
vanced-generation IR technique, but the major limitation 
of MBIR is the time required to obtain multiple iterations. 
In a recent study, 35 to 40 minutes were required for image 
reconstruction with an MBIR algorithm [21]. This limits 
the use of this technique in emergency situations, which 
is unlike the case with the IR algorithm. Hence, MBIR/IR 
is widely used in various medical institutions. 

Previous reports on IR in CT have demonstrated its effi-
cacy in detecting urinary stone disease with reduced noise 
and radiation dose. Dose reduction by use of the IR techni-
que does not seem to affect stone characteristics such as 
stone size, volume, SSD, and HU, which are essential pa-
rameters in making treatment decisions [22-25]. Stone size 
in CT is a major factor that can affect treatment options. 
Although improved image quality can be achieved by image 
noise reduction, the imaging will not be suitable for de-
tection of ureteral stone disease if stone characteristics are 
not accurately reflected, i.e., the exact stone size com-
parable to CCT. Our results suggested that IR can reduce 
the radiation dose sufficiently without compromising the 
measurement of stone characteristics, including stone 
size. As shown in Table 2, the diagnostic performance of 
LDCT was also excellent for both kidney and ureteral 
stones.

Application of LDCT is suitable for the detection of uri-
nary stone disease because of the high contrast between al-
most all urinary tract stones and the adjacent low-
er-density soft tissue, whereas the IR technique causes a 
reduction in radiation dose and image noise. Several re-
ports have demonstrated that intraindividual dose reduc-
tions of up to 50% are feasible for abdominal CT while re-
ducing the image noise by applying the IR technique com-
pared with conventional CT [25,26]. However, note that 
both of those studies evaluated the IR technique with re-
spect to low-contrast abdominal soft tissue structures such 
as liver parenchyma, and thus this technique is not appli-
cable for the diagnosis of high-contrast structures such as 
urinary calculi, as in our study. In a pilot study consisting 
of 25 patients, Kulkarni et al. [24] found that application 
of the IR technique in LDCT for detection of urinary stones 
significantly reduced the radiation dose by about 82% on 
average compared with the conventional FBP protocol 
with CCT. In this study, LDCT provided a radiation dose 
reduction of about 77% on average, and the objective image 
noise was increased significantly by 21.2% on average com-
pared with CCT. The average ED was only 1.39 mSv, and 
diagnostic performance was maintained. 

Our study had a limitation in that only limited numbers 
of patient were enrolled. It was difficult to recruit volun-
teers for our study because of the patients’ substantial con-
cerns about additional radiation exposure. Despite patient 
agreement to undergo an additional CT scan, LDCT was 

not performed in patients without evidence of urinary 
stones in CCT. Because there might be an ethical problem 
with additional exposure of patients to radiation via CT by 
this approach, we made efforts to reduce radiation ex-
posures in follow-up studies by checking symptoms with al-
ternative methods such as urine chemistry or microscopic 
analysis and kidney ultrasonography or simple x-ray 
study, if possible. Also, informed consent was obtained only 
after thorough explanation of the possible harm of addi-
tional radiation exposure to all patients. Only patients who 
fully agreed were involved in this study. The economic ef-
fect of LDCT remains to be determined. In addition, the 
monetary cost for wide use of CT could negatively impact 
the overall cost in already financially strained health care 
systems. Although difficult to calculate, the cost consid-
erations should include the potential carcinogenic sequels 
from exposure to the conventional radiation dose. 

Our study also had some strengths. Unlike other pre-
vious studies, our study examined the same stones simul-
taneously with CCT and LDCT. The reference diagnosis 
was based on CCT and not subjective or indefinite 
symptoms. Thus, the results more precisely reflected the 
diagnostic performance. The approach of comparison be-
tween follow-up CT scans has a potential problem originat-
ing from differences in stone location. This could affect the 
transparency of radiation results at different attenuation 
levels and actual scanning plains, which could affect re-
ported stone characteristics if the stone location is 
changed. Our data may suggest a helpful method to reduce 
radiation exposure and could be valuable as a pilot study 
for further detailed studies.

CONCLUSIONS

LDCT is an effective and attractive option for diagnosing 
urinary stones while reducing the radiation exposure of pa-
tients with diagnostic performance comparable to CCT. 
Further studies are necessary before the clinical applica-
tion of LDCT in the urologic field.
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