
UC Irvine
UC Irvine Previously Published Works

Title

Low kilovoltage peak (kVp) with an adaptive statistical iterative reconstruction algorithm in 
computed tomography urography: evaluation of image quality and radiation dose.

Permalink

https://escholarship.org/uc/item/0np4s34g

Journal

American Journal of Translational Research, 8(9)

ISSN

1943-8141

Authors

Zhou, Zhiguo
Chen, Haixi
Wei, Wei
et al.

Publication Date

2016

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License, 
available at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0np4s34g
https://escholarship.org/uc/item/0np4s34g#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Am J Transl Res 2016;8(9):3883-3892
www.ajtr.org /ISSN:1943-8141/AJTR0025950

Original Article 
Low kilovoltage peak (kVp) with an  
adaptive statistical iterative reconstruction  
algorithm in computed tomography urography:  
evaluation of image quality and radiation dose 

Zhiguo Zhou1, Haixi Chen1, Wei Wei3, Shanghui Zhou4, Jingbo Xu1, Xifu Wang1, Qingguo Wang1, Guixiang 
Zhang1, Zhuoli Zhang2, Linfeng Zheng1,2

1Department of Radiology, Shanghai General Hospital, Shanghai Jiao Tong University, Shanghai 200080, China; 
2Department of Radiology, Feinberg School of Medicine, Northwestern University, Chicago, IL 60611, USA; 
3Department of Surgery, Xiangya Hospital, Central South University, Changsha 410008, China;  
4Department of Oral and Maxillofacial-Head and Neck Oncology, Shanghai Ninth People’s Hospital, Shanghai Jiao 
Tong University School of Medicine, Shanghai, China

Received February 14, 2016; Accepted June 2, 2016; Epub September 15, 2016; Published September 30, 2016

Abstract: Purpose: The purpose of this study was to evaluate the image quality and radiation dose in computed 
tomography urography (CTU) images acquired with a low kilovoltage peak (kVp) in combination with an adaptive 
statistical iterative reconstruction (ASiR) algorithm. Methods: A total of 45 subjects (18 women, 27 men) who un-
derwent CTU with kV assist software for automatic selection of the optimal kVp were included and divided into two 
groups (A and B) based on the kVp and image reconstruction algorithm: group A consisted of patients who under-
went CTU with a 80 or 100 kVp and whose images were reconstructed with the 50% ASiR algorithm (n=32); group 
B consisted of patients who underwent CTU with a 120 kVp and whose images were reconstructed with the filtered 
back projection (FBP) algorithm (n=13). The images were separately reconstructed with volume rendering (VR) and 
maximum intensity projection (MIP). Finally, the image quality was evaluated using an image score, CT attenuation, 
image noise, the contrast-to-noise ratio (CNR) of the renal pelvis-to-abdominal visceral fat and the signal-to-noise 
ratio (SNR) of the renal pelvis. The radiation dose was assessed using volume CT dose index (CTDIvol), dose-length 
product (DLP) and effective dose (ED). Results: For groups A and B, the subjective image scores for the VR recon-
struction images were 3.9±0.4 and 3.8±0.4, respectively, while those for the MIP reconstruction images were 
3.8±0.4 and 3.6±0.6, respectively. No significant difference was found (p>0.05) between the two groups’ image 
scores for either the VR or MIP reconstruction images. Additionally, the inter-reviewer image scores did not signifi-
cantly differ (p>0.05). The mean attenuation of the bilateral renal pelvis in group A was significantly higher than that 
in group B (271.4±57.6 vs. 221.8±35.3 HU, p<0.05), whereas the image noise in group A was significantly lower 
than that in group B (7.9±2.1 vs. 10.5±2.3 HU, p<0.05). The CNR and SNR in group A were both significantly higher 
than those in group B (53.61±24.74 vs. 32.30±6.52 for CNR; 38.13±19.86 vs. 21.76±4.85 for SNR; all p<0.05). 
The CTDIvol, DLP and ED in group A were significantly lower than those in group B (9.26±2.77 vs. 16.19±5.60 mGy 
for CTDIvol; 368.86±119.38 vs. 674.38±239.37 mGy×cm-1 for DLP; 5.53±1.79 vs. 10.12±3.59 mSv for ED; all 
p<0.05). Conclusions: The low kVp CTU images with 50% ASiR reconstruction exhibit sufficient image quality and 
facilitate up to a 44% radiation dose reduction. 

Keywords: Computed tomography urography, low kilovoltage peak, adaptive statistical iterative reconstruction 
(ASiR) algorithm

Introduction

Uroradiology plays an important role in diag-
nosing several urinary tract disorders, evaluat-
ing the anatomy and physiology of the urinary 
system, and improving outcomes for patients 

with urinary tract diseases [1-4]. Traditionally, 
intravenous urography (IVU), also known as 
intravenous pyelogram (IVP) or excretory urog-
raphy (EXU), is commonly performed to investi-
gate the presence of urinary tract stones, 
hydronephrosis, trauma or tumours due to its 
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rapid overview of the entire urinary system, its 
high sensitivity to calcification and obstruc-
tions, its ability to facilitate the assessment of 
both morphology and function and its low cost. 
However, its disadvantages, which include a 
requirement of prior bowel preparation, dis-
comfort resulting from compression of the 
abdomen, an inability to detect small lesions 
due to its relatively low density resolution, sub-
optimal evaluation of the renal parenchyma 
and the overlapping of anatomical structures or 
artefacts, have limited its broad application [2, 
4]. As a result, in recent decades, computed 
tomography urography (CTU) has increasingly 
become an alternative to IVU because of its 
higher spatial and density resolution, greater 
sensitivity for detecting urinary system disor-
ders and better visualization of the renal paren-
chyma [1, 5]. Studies have shown that CTU can 
be used to identify and evaluate urinary tract 
trauma and infection, urinary tract abnormali-
ties, upper and lower tract neoplasms and cal-
culi, among others [1, 5-7]. However, there is 
growing concern about the high radiation dose 
of CTU and consequences related to radiation 
exposure [3, 5, 7-9].

To reduce the radiation dose, one of the com-
monly used strategies is lowering the tube volt-
age [10, 11]. As a conventional and standard 
reconstruction algorithm, the filtered back pro-
jection (FBP) algorithm has been widely used in 
CT clinical practice for a number of decades. 
However, this algorithm is unable to produce 
high-quality images when high radiation doses 
are reduced [10-12]. Recently, a series of new 
reconstruction algorithms, including hybrid iter-
ative reconstruction techniques (IRTs) and 
model-based iterative reconstruction (MBIR), 
have been developed to allow lower radiation 
doses while maintaining the image quality [8, 
12-14]. The adaptive statistical iterative recon-
struction (ASiR) algorithm is a partially iterative 
technique that reduces the quantum noise 
associated with standard convolution FBP 
reconstruction algorithms, which may result in 
a reduction in radiation dose and an improve-
ment in image quality compared to the FBP 
algorithm [11, 14]. Therefore, the purpose of 
this study was to evaluate the image quality 
and radiation dose in CTU images acquired with 
a low kilovoltage peak (kVp) using kV assist 
software in combination with the ASiR algo- 
rithm.

Materials and methods

Ethics

The institutional review board (Shanghai Ge- 
neral Hospital Institutional Review Board) 
approved this retrospective study, and informed 
consent was waived for all subjects. The patient 
records were not anonymized or de-identified 
prior to analysis.

Subject population

Subjects who underwent CTU with kV assist 
software for automatically selecting the opti-
mal kVp between January 2014 and April 2014 
were included in this study. Patients were 
excluded if they exhibited renal insufficiency, 
upper urinary tract disorders, or urinary tract 
obstructions or deformities. Patients in whom 
the CTU examination failed were also excluded 
from the study. 

CT scanning protocol

All subjects underwent CTU with the same 
preparation and same protocol on a multi-
detector CT scanner (Discovery CT 750 HD, GE 
Healthcare, Waukesha, MI, USA). All subjects 
were orally administered approximately 1000 
ml of drinking water, and they avoided urinating 
for 0.5 hr prior to the CT examination. Before a 
scout scan was performed, the scanner kV 
assist was turned on, and the kV assist soft-
ware allowed the optimal kVp to be automati-
cally selected according to the scout image. 
First, all subjects underwent a pre-contrast 
phase scan that covered the upper pole of the 
kidney to the perineal area, with the patient in a 
supine position. Next, a double-phase (nephro-
graphic and excretory phase) CTU scan was 
applied with the subjects in a prone position. 
After the patients were intravenously adminis-
tered iopamidol (370 mgl/ml, Shanghai Bracco 
Sine Pharmaceutical Corp. Ltd., China) at a 
dose of 1 ml/kg and a flow rate of 3 ml/s with 
an automatic power injector (Ulrich medical, 
Ulm, Germany) followed by 20 ml of 0.9% nor-
mal saline flush at the same flow rate, the 
nephrographic phase scan was started with an 
80-second delay. The scan parameters were as 
follows: interval: 5.0 mm; helical thickness: 5.0 
mm; pitch: 0.984; speed: 39.37 mm/rot; and 
rotation time: 0.7 s. Then, 20 mg of furosemide 
(Shanghai Harvest Pharmaceutical Co., Ltd., 
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China) was intravenously injected and was 
allowed to pass for 5-10 minutes. Next, an 
excretory phase scan of the abdomen and the 
pelvis was conducted using the same parame-
ters employed in the nephrographic phase. 

Post-processing and image reconstruction

The patient images acquired with 80 or 100 
kVp were reconstructed with the 50% ASiR 
algorithm (ASiR, GE Healthcare, Milwaukee, WI; 
Group A, n=32). The patient images acquired 
with 120 kVp were reconstructed using the 
standard FBP algorithm (Group B, n=13) (Figure 
1). Then, the images from both groups were 
uploaded to a commercially available worksta-
tion (Advantage Workstation 4.4; GE Healthcare, 
Milwaukee, WI), and volume rendering (VR) and 
maximum intensity projection (MIP) reconstruc-
tions were completed. Finally, the reformatted 
images were uploaded to an image archiving 
and communication system for image analysis.

Image analysis

Subjective image quality evaluation: The sub-
jective image quality evaluation was based on a 
four-score scale [5, 15-17]. Both VR and MIP 
images from groups A and B were reviewed and 
independently scored by two radiologists (Z.Z. 
and G.Z., with nine and 20 years of experience 
in image post-processing, respectively) who 
were blinded to the group information. The 
score scale was as follows: 4 (excellent), 3 
(good), 2 (fair), and 1 (poor). 

Objective image quality measurements: Ob- 
jective image quality measurements were per-
formed by one radiologist (Z.Z., with nine years 
of experience in image post-processing). In 

axial excretory phase images from both group A 
and B subjects, a 4-mm2 field of interest (FOV) 
was drawn and placed in the same position of 
the renal pelvis and abdominal visceral fat. The 
CT values of the renal pelvis and abdominal vis-
ceral fat were measured. For each patient, the 
region of interest (ROI) of the renal pelvis or 
abdominal visceral fat in three continuous 
images was measured. The ROI was held con-
stant for all of the measurements in these three 
images using the copy-and-paste function at 
the workstation. The mean CT value of the renal 
pelvis was defined as the CT image attenuation 
(CTRP), and the standard deviation (SD) of the CT 
values in the abdominal visceral fat was defined 
as the image noise (NFat) [12, 18]. The signal-to-
noise ratio (SNR) in the renal pelvis and the 
contrast-to-noise ratio (CNR) for the renal pelvis 
and the abdominal visceral fat were calculated 
using the following formulas: SNR=CTRP/Nfat 
and CNR=(CTRP-CTFat)/NFat, where CTFat is the CT 
value for the abdominal visceral fat [12, 18].

Radiation dose measurements: The radiation 
dose measurements were assessed based on 
the volume CT dose index (CTDIvol), the dose-
length product and the effective dose (ED). The 
CTDIvol values were automatically calculated 
by the CT scanner. The DLP was obtained using 
the following equation: DLP=CTDIvol×total scan 
length. The ED was estimated and calculated 
using the following formula: ED=DLP×a conver-
sion coefficient for the abdomen and pelvis 
(k=0.015 mSv×mGy-1×cm-1) [5, 19].

Statistical analysis

A kappa (k) statistic was applied to assess the 
inter-radiologist agreement on the subjective 

Figure 1. Flow chart illustrating the study design. CT: Computed tomography; kVp: Kilovoltage peak; CTDIvol: Volume 
CT dose index; CNR: Contrast-to-noise ratio; SNR: Signal-to-noise ratio; DLP: Dose-length product; ED: Effective dose.
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image quality score; a k coefficient of 0.61-
0.80 was considered to indicate substantial 
inter-observer agreement [20]. Mann-Whitney 
U tests were used to compare the image scores 
between groups A and B. The image attenua-
tion, noise, CNR, SNR and radiation dose 
parameters were analysed using an independ-
ent samples Student’s t test. Two-sided p-val-
ues of less than 0.05 were considered signifi-
cant. All statistical analyses were performed 
with IBM SPSS Statistics for Windows Version 
22.0 (IBM Corp. Released 2013, Armonk, NY). 

Results 

General information 

A total of 45 consecutive subjects (18 women, 
27 men), aged 27 years to 82 years (median 
age: 60.0±1.3 years [standard deviation]), were 
included in this study. In total, 32 cases were 
included in group A, and 13 cases were includ-
ed in group B. Of the cases in group A, four 
cases were imaged at 80 kVp, and 28 cases 
were imaged at 100 kVp (Figure 1). 

Subjective image score results

Representative CT VR and MIP reconstruction 
images from groups A and B are shown in 
Figures 2 and 3. For groups A and B, the subjec-
tive image scores for the VR reconstruction 
images were 3.9±0.4 and 3.8±0.4, respective-
ly, (Figure 2C and 2F), whereas those for the 
MIP images were 3.8±0.4 and 3.6±0.6, respec-
tively (Figure 3D and 3H). No significant differ-
ences were found (p>0.05) between the image 
scores for groups A and B for either the VR or 
MIP reconstruction images. Furthermore, the 
inter-reviewer image scores did not significantly 
differ (p>0.05). 

Objective image quality measurement results 

Representative axial excretory phase CTU 
images illustrating the position of the ROI for 
the renal pelvis and abdominal visceral fat are 
shown in Figure 4A. The mean attenuation of 
the bilateral renal pelvis in group A was signifi-
cantly higher than that for group B (271.4±57.6 
vs. 221.8±35.3 HU, p<0.05; Figure 4B), where-

Figure 2. Representative volume rendering (VR) reconstruction images from group A and group B. (A, B) are anterior-
posterior A-P and posterior-anterior P-A projection images, respectively, of a subject from group A. (D, E) are A-P and 
P-A projection images, respectively, of a subject from group B. (C, F) show the subjective image quality scores for 
groups A and B, respectively. 
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Figure 3. Representative maximum intensity projection (MIP) reconstruction images from groups A and B. (A-C) are anterior-posterior A-P, posterior-anterior P-A, and 
left-oblique projection images, respectively, of a subject from group A. (E-G) are A-P, P-A and L-O projection images, respectively, of a subject from group B. (D, H) 
show subjective image quality scores for groups A and B, respectively. The abbreviation LU in (C, G) represents the left ureter. 
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as the image noise in group A was significantly 
lower than that in group B (7.9±2.1 vs. 10.5±2.3 
HU, p<0.05; Figure 4C). The CNR and SNR in 
group A were significantly higher than those  
in group B (53.61±24.74 vs. 32.30±6.52 for 
CNR; 38.13±19.86 vs. 21.76±4.85 for SNR; all 
p<0.05; Figure 4D and 4E). 

Radiation dose measurement results 

The CTDIvol, DLP and ED values for group A 
were significantly lower than those for group B 
(9.26±2.77 vs. 16.19±5.60 mGy for CTDIvol; 
368.86±119.38 vs. 674.38±239.37 mGy×cm-1 
for DLP; 5.53±1.79 vs. 10.12±3.59 mSv for ED; 
all p<0.05; Figure 5).

Discussion

With the increasing usage of multi-detector CT 
(MDCT) worldwide, increasing concerns regard-
ing CT radiation doses have been raised by 
both clinicians and patients. Numerous studies 
have employed various strategies to minimize 
the radiation dose while maintaining the image 
quality in CT examinations [5, 8, 14, 18, 21, 
22]. In the present study, we tailored the CTU 
protocols using 80- or 100-kVp tube voltage 

with the 50% ASiR reconstruction algorithm, 
which maintains image quality while reducing 
the radiation dose by 44% compared to the use 
of 120 kVp with the standard FBP reconstruc-
tion. Using this protocol, the image ROIs have a 
higher mean attenuation with reduced image 
noise. Furthermore, optional SNR and CNR val-
ues were achieved, and no loss of subjective 
image quality was observed in clinical CTU 
examinations.

In recent decades, CTU has evolved as the first-
line uroradiological modality for evaluating 
abdominal and/or flank pain, haematuria, kid-
ney or bladder stones and tumours of the uri-
nary tract due to its accurate depiction of the 
kidneys, ureters and urinary bladder [5, 23]. 
One major challenge related to CTU usage is 
increased patient radiation exposure when CTU 
is utilized in clinical practice. A previous study 
by Nawfel et al [24] demonstrated that stand-
ard protocol CTU results in a 1.5-fold higher 
effective dose compared to conventional urog-
raphy. With the acceptance of the concept of 
ALARA (As Low As Reasonably Achievable), sev-
eral approaches have sought to reduce the 
radiation dose during CTU scanning by decreas-
ing the tube current [25], reducing the tube 

Figure 4. Axial excretory phase CTU image il-
lustrating the position of the region of inter-
est (ROI) for the renal pelvis (A, first white 
box) and the abdominal visceral fat (A, sec-
ond white box). The bar charts illustrate the 
CT mean attenuation (B), image noise (C), 
CNR (D) and SNR (E) for groups A and B. 
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current-time product [15], lowering the tube 
voltage [5, 26] or optimizing the CT protocol 
through changes to the algorithm, software or 
hardware [7, 23, 27]. Using a multi-detector 
scanner, both a phantom study by Dr. Coppen- 
rath et al [26] and a clinical study by Dr. Lee et 
al [5] showed that a low-dose CTU protocol can 
be implemented using a decreased tube volt-
age without suffering from a loss of image qual-
ity. Therefore, reducing the tube voltage to opti-
mize the CTU protocol is feasible.

ASiR, a partially iterative reconstruction tech-
nique, is a newly developed algorithm. Through 
forward projections and multiple iterative cor-
rections, this algorithm can overcome the draw-
backs of limited photon statistics and electron-
ic noise during projection measurements en- 
countered in the conventional FBP technique, 
resulting in reduced image quantum noise. This 

approach can facilitate a lower radiation dose 
without degrading the spatial or contrast reso-
lution [11-14, 28-30]. In abdominal CT exami-
nation, a series of studies has verified that use 
of the ASiR algorithm reduces the radiation 
dose by approximately 20-50% while improving 
the image quality [12, 14, 31]. To date, the fea-
sibility of utilizing the ASiR algorithm for the 
CTU protocol has not been well validated. To 
reduce the CTU radiation dose, especially for 
short stature and small body habitus patients, 
which are not uncommon in south China and a 
few Asian countries, we undertook this study to 
evaluate the application of low kVp with kV 
assist software in combination with the ASiR 
algorithm in CTU in comparison to 120 kVp with 
the traditional FBP algorithm.

In this study, our protocol involved in a selec-
tion of ASiR amounts. The ASIR program pro-

Figure 5. Box plots showing a 
comparison of CTDIvol (A), DLP 
(B) and ED (C) for groups A and B.
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vided by the vendors allows users to select 
ASiR amounts ranging from 10% to 100%. 
Anecdotal experience with ASiR from several 
centres has shown that an ASiR>60% produces 
images with a very artificial and over-smoothed 
look, which may interfere with the image analy-
sis because most radiologists are accustomed 
to reading images with some amount of image 
noise [28, 30, 32]. Therefore, in our pilot study, 
we selected a value of 50% for the ASiR. Our 
results showed that the present CTU protocol 
achieved better image quality with a lower radi-
ation dose. 

Several investigators have performed similar 
studies with ASiR in the urinary tract system. 
Dr. Kulkarni and coworkers [31] scanned the 
abdomen and pelvis in 25 patients using the 
ASiR algorithm and compared their findings to 
results from 13 patients based on the FBP 
algorithm. The comparison indicated that the 
ASiR protocol provides diagnostic-quality imag-
es without substantially affecting the diagnos-
tic confidence while allowing for a reduced radi-
ation dose for the evaluation of urinary stone 
disease. Dr. Bombinski et al [8] recently de- 
scribed CTU examinations performed using 
ASiR reconstruction techniques in 75 paediat-
ric patients with a range of urinary tract diseas-
es. These authors found that the ASiR algo-
rithm allows for a reduction in the radiation 
dose in CT examinations and can thus extend 
the indications for CTU in children. Additionally, 
in another CTU study, Dr. Juri et al employed 
adaptive iterative dose reduction (AIDR), a 
reconstruction technique similar to ASiR pro-
vided by Toshiba Medical Systems, to scan 30 
patients; their results showed that CTU with 
AIDR facilitates a 45% reduction in the radia-
tion dose without any loss of image quality in 
the excretory phase, independent of BMI. 
Finally, dual-energy CT (DECT) scanners have 
the potential to allow one CT acquisition during 
the CTU examination; a few studies and a clini-
cal trial (NCT02283307) using DECT to mini-
mize the CTU dose and to reduce the use of 
iodinated contrast are on-going [23, 33, 34].

There are several limitations in the present 
study. First, we did not design a prospective 
study to test the effect of different kVp values 
on the same patient using the 50% ASiR recon-
struction algorithm or the FBP standard algo-
rithm due to ethical restrictions. However, this 
disadvantage was partially overcome in our 

study because the use of a low kVp (80 or 100 
kVp) with the 50% ASiR reconstruction algo-
rithm had no influence on the image quality  
in either subjective or objective image quality 
evaluations. Second, this retrospective and 
single-institute study may have a patient selec-
tion bias. When the patients were enrolled in 
the initial study, we employed an exclusion cri-
terion. Multi-medical centre studies that imple-
ment the CTU protocol in all of their patients 
would strengthen the findings of this study.

In summary, CTU performed using low kVp (80 
or 100 kVp) with the 50% ASiR reconstruction 
algorithm maintains image quality and allows 
up to a 44% radiation dose reduction compared 
to the use of 120 kVp with the FBP reconstruc-
tion. This approach can be applied to short 
stature and small body habitus subjects in CTU 
for clinical practice.
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