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ABSTRACT
Background: Iterative Reconstruction techniques have been shown to produce diagnostically acceptable images 
at low doses to the patient. This study aimed to compare the image quality and radiation dose between 120kVp 
Filtered Back Projection and 80kVp Iterative Reconstructed (SAFIRE) CT images.
Methods: This cross-sectional study was performed on patients referred for CT Urography examinations for 
various clinical indications to the Department of Radiology and Imaging, Tribhuvan University Teaching Hospital. 
Data were collected for a period of four months (From August to November 2019) after approval from the 
Institutional Review Committee of the Institute of Medicine. Convenience sampling was employed and a total of 
96 examinations were included. Among them 48 were male and 48 were female. Data were obtained from the 
128-slice MDCT Siemens Somaton Definition AS+ CT scanner. Venous phase scans were obtained with Protocol A 
(120kVp and Filtered Back Projection) and non-contrast scans were obtained with Protocol B (80kVp and SAFIRE). 
The mAs (tube current-time product) was fixed at 200 for both protocols.
Results: There was a 72.5% reduction in Size Specific Dose Estimate (SSDE) in Protocol B compared to Protocol 
A. However, there was a 13.17% increase in noise in Protocol B compared to Protocol A. Image quality evaluation 
showed a 98.95% acceptability for the low dose i.e. Protocol B images.
Conclusion: CT using low kVp (80kVp) and low current (200mAs) along with an iterative reconstruction algorithm 
(SAFIRE) can provide diagnostically acceptable images at very low doses for examinations of the Urinary tract
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INTRODUCTION 
Ionizing radiation has been used for diagnostic purposes 
in medicine for more than a century. Its benefits are 
immense and certainly exceed the risks. Computed 
Tomography (CT), X-ray, and nuclear medicine imaging 
studies have improved patients’ lives and revolutionized 
modern medicine. However, the rapid increase in the use 
of these modalities has resulted in a disproportionate 
increase in the population’s overall exposure to ionizing 
radiation.1

Computed tomography (CT) is one of the most frequently 
used medical imaging modalities for a variety of clinical 
indications. There is, however, great concern about the 
potential risks related to radiation-induced cancer. In one 
study, investigators found an increase in the estimated 
cancer risk from CT radiation ranging from 0.4% (in 1996) 
to 1.5%–2.0% (in 2007) for all cancers in the United States.2 

Pediatric CT radiation has been associated with the 
development of malignancies in children, such as leukemia 
and brain cancer.3 Therefore, CT radiation exposure must 
be as low as reasonably achievable (the ALARA principle).4 

There is increasing use of CT for the diagnosis of several 
urinary tract pathologies. This increases concerns about 
the radiation doses received by patients. Iterative 
reconstruction methods have been proven to provide 
diagnostically acceptable images at fairly lower radiation 
doses. In this study, we aimed to compare the image 
quality and radiation dose between the 120kVp Filtered 
Back Projection and the 80kVp Iterative reconstructed CT 
images.
METHODOLOGY
This cross-sectional study was performed on patients 
referred for CT Urography examinations for various clinical 
indications to the Department of Radiology and Imaging, 
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Tribhuvan University Teaching Hospital, Maharajgunj, 
Nepal. Data were collected for a period of four months 
(From August to November 2019) after approval from 
the Institutional Review Committee of the Institute of 
Medicine [Ref.: 491(6-11)E2/076/077)]. The patients were 
explained about the examination in detail. A written 
informed consent was obtained from each patient meeting 
the inclusion criteria. 

Convenience sampling was employed and a total of 96 
examinations were included. The study was conducted 
on adult patients (above 18 years) of both sexes. The 
height and weight of the patients were recorded for the 
calculation of BMI. Patients were divided into four BMI 
classes i.e. underweight (BMI<18.5 kg/m2), normal (BMI 
between 18.5 and 24.9 kg/m2), overweight (BMI between 
25 and 29.9 kg/m2), and obese (BMI≥30 kg/m2). Among 
them, patients with BMI≥25 kg/m2 were excluded from the 
study, as the lower kilovoltage that is used for Protocol B 
might not be sufficient for adequate penetration in larger 
patients. 

CT Protocols: CT examinations were performed on the 
128-slice MDCT Siemens Somaton Definition AS+ CT 
scanner. Two protocols were prepared for the examination.

Protocol A: This was the routine CT urography protocol 
i.e. 120kVp images reconstructed with Filtered Back 
Projection. Venous phase scans were obtained using this 
protocol.

Protocol B:  The kilovoltage was reduced to 80kVp and 
the images were reconstructed with SAFIRE. Non-contrast 
scans were obtained with this protocol.

The scan coverage was kept identical for protocols A 
and B. The mAs were fixed at 200 for both protocols. The 
outline of the study design is shown in Figure 1.

Quantitative analysis of radiation dose & image noise:

a. Size Specific Dose Estimate (SSDE) calculation: 
CTDIvol was calculated by the scanner using the average 
tube current throughout the entire scan and was recorded 
for each scan series. For each patient, anteroposterior (AP) 
and lateral (Lat) dimensions at the mid-liver region i.e. at 
the level of the portal vein were measured from axial CT 
images by using digital calipers on the scanner console. 
(Figure 2) These values were used to calculate the effective 
diameter. The AAPM Report 2045 provides tables based 
on the effective diameter that were used to find the f-size 
that, when multiplied by CTDIvol, yields SSDE. SSDE was 
calculated for the non-contrast scans and the venous 
phase scans of each patient.
Effective diameter = SSDE = CTDIvol X f-size
Figure 2: Measurement of anteroposterior and lateral 
diameters

b. Noise calculation: For the 80kVp SAFIRE and 120kVp 
FBP, image noise was measured as the standard deviation 
of the pixel values from a uniform circular ROI (200 pixels) 
drawn in a homogeneous region of the subcutaneous fat 
of the anterior abdominal wall. (Figure 3)
Figure 3:  CT image showing noise measurement

Evaluation of overall image quality: The overall image 
quality of the non-contrast scans (Protocol B) was assessed 
and given a score by an experienced radiologist (SS) 
who had many years of experience in body imaging. The 
radiologist was blinded to the techniques used to acquire 
the image. The images were reviewed on the syngo.via 
workstation. Scoring was done on a 4-point scale ranging 
from 1 to 4, (1=Excellent, 2=Very Good, 3=Fair image 
quality deteriorated but there is no diagnostic limitation, 

Figure 1: Flow chart of the study
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4=Poor image quality deteriorated with diagnostic 
limitation). The reviewer reviewed the images in the 
workstation for quality score based on the criteria given 
by European guidelines.6

Statistical Analysis: The relevant data of the examinations 
were collected in predesigned proforma, data entry was 
done in a Microsoft Excel spreadsheet and data analysis 
was done with SPSS version 25. Mean, standard deviation, 
minimum, and maximum values were obtained. Paired 
t-tests were applied for analytical study to determine if:

a. There was a significant reduction in radiation dose in the 
non-contrast phase (obtained with Protocol B) compared 
to the venous phase (obtained with Protocol A) scans of 
the same patient.

b. There was a significant change in noise levels in the 
non-contrast phase (obtained with Protocol B) compared 
to the venous phase (obtained with Protocol A) scans of 
the same patient.

RESULTS
Background Characteristics of the patient
A total of 96 patients were selected for the study. Among 
them 48 were male and 48 were female. The description 
of population statistics can be found in Table 1.  

Radiation dose: For Protocol A, the mean SSDE was 
20.47±2.18 mGy. The minimum and maximum SSDE were 
15.87 and 25.47 mGy respectively. For Protocol B, the mean 
SSDE was 5.63±0.6 mGy. The minimum and maximum 
SSDE were 4.36 and 7 mGy respectively. (Table 2)

There was a radiation dose reduction of 72.5% when the kV 
was reduced from 120 to 80 kV keeping the mAs constant. 
This radiation dose reduction was statistically significant 
as given by the paired t-test (t=91.95, p=0.001).

Noise: For Protocol A, the mean noise was 6.76±2.9 with 
the minimum and maximum noise being 3.6 and 19.9 
respectively. For Protocol B, the mean noise was 7.65±2.78 
with the minimum and maximum noise being 4.1 and 
21.1 respectively. (Table 3) There was a mean increase in 
noise of 13.17% when the KV was reduced from 120KV 
to 80KV despite the use of SAFIRE for reconstructing the 
80KV images for Protocol B. This increase was statistically 
significant as given by the paired t-test (t=4.48, p=0.001).

Result of image quality evaluation: Image Quality 
scoring of non-contrast scans (Protocol B) was done on a 
4-point scale ranging from 1 to 4, (1= Excellent, 2= Very 
Good, 3= Fair, image quality deteriorated but there is no 
diagnostic limitation, 4= Poor, image quality deteriorated 
with diagnostic limitation). Considering scores 1-3 to be 
diagnostically acceptable, 98.95% of image sets were 
found to be acceptable. (Table 4)

DISCUSSION

The alarming increase in the number of CT examinations 
performed today raises concern about the high radiation 
doses associated with it. Embracing the principle of 
ALARA, all possible measures should be applied to reduce 
the radiation dose in CT examinations. One of the heavily 
promoted dose reduction strategies given by various 
CT manufacturers is the use of Iterative reconstruction 
methods. In this study, we tried to evaluate the diagnostic 
acceptability of the low kV (80kVp) and low mAs (200 
mAs) CT images of the urinary tract reconstructed with 
SAFIRE. Protocol A which was the routine protocol of our 
department (120kVp FBP) was used to obtain the venous 
phase scans and Protocol B i.e. the low dose protocol 
(80kVp SAFIRE) was used to obtain the non-contrast 
scans. The two protocols A and B were also compared 
for differences in Size-specific dose estimates (SSDE) and 

Table 1:  Descriptive statistics of the population (n=96)

Patient 
Parameters Minimum Maximum Mean SD

Age (years) 18 75 38.73 17.28

BMI (kgm2) 15.1 24.9 21.27 2.48

Effective 
diameter 
(cm)

18 32 24.16 2.95

f-size value 1.19 1.91 1.53 0.16

Table 2: Radiation Dose in Protocol A and Protocol B

Parameter Protocol A Protocol B
Min Max Mean SD Min Max Mean SD

SSDE (mGy) 15.85 25.47 20.47 2.18 4.36 7 5.63 0.6

SSDE: Size Specific Dose Estimate; SD: Standard Deviation

Table 3: Noise in Protocol A and Protocol B

Parameters Protocol A Protocol B

Min Max Mean SD Min Max Mean SD

Noise 3.6 19.9 6.76 2.9 4.1 21.1 7.65 2.78

Table 4: Frequency and percentage of participants 
receiving different image quality scores (Protocol B)

Score Interpretation Frequency Percentage (%)

1 Excellent 1 1

2 Very Good 54 56.3

3 Fair 40 41.7

4
Diagnostic 
limitation

1 1

Total 96 100
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noise. SSDE have been used as a measure of radiation 
dose in this study because absorbed organ doses are very 
close to SSDE in CT exams of the abdomen and pelvis.7

A straightforward reduction in the dose by simply 
lowering the kilovoltage would severely hamper 
image quality due to increase in noise. So, the SAFIRE 
reconstruction algorithm was applied to reduce the 
noise by smoothing the low kVp image. Radiation dose 
reduction of 72.5% was achieved in Protocol B compared 
to Protocol A. This is because of the lower kVp used for 
Protocol B compared to Protocol A (120 v/s 80kVp).  

The noise was calculated as the standard deviation of 
an ROI (consisting of 200 pixels) placed on the anterior 
abdominal fat. There was a mean increase in noise of 
13.17% in Protocol B compared to Protocol A. This can be 
attributed to the lower kV used in Protocol B. Decreasing 
the x-ray tube voltage increases the image noise/mottle, 
as reflected by the observed increase in the measured 
standard deviation. The increase in noise would have 
been much higher if the Protocol B images hadn’t been 
reconstructed with SAFIRE.

Our study results are in good agreement with 
the results of the previous study by Hur S et al.8 which 
demonstrated that the iterative reconstruction algorithms 
provided better image quality compared to standard 
filtered back projections at lower radiation doses. 
However, there was a difference between the two studies: 
the present study used a low tube current-time product 
(200 mAs) whereas an intermediate tube current-time 
product (340 mAs) was used in the previous study.8 Had we 
selected a higher tube current to offset the higher image 
noise, further reduction in image noise could have been 
possible at the cost of an increased radiation dose. They 
found a mean effective dose reduction of 57.41%. This 
lower dose reduction was due to the use of higher mAs 
(340mAs v/s 200mAs in our study). They applied the low-
tube-voltage (80kVp), with the Iterative Reconstruction 
in Image Space (IRIS) algorithm for better detection of 
hepatocellular carcinomas (HCC). The present study used 
low doses on the non-contrast scans of the urinary tract, 
with the goal of detecting calcifications and hemorrhage 
which are more readily visualized. So, we opted for a more 
aggressive dose reduction strategy.

Solomon J et al.9 tried to determine the effect of 
radiation dose reduction and reconstruction algorithm 
on image noise, contrast, resolution, and detectability 
of subtle hypoattenuating liver lesions. They concluded 
that SAFIRE allowed imaging at a 16±13% reduced dose 
while maintaining low contrast detectability of subtle 
hypoattenuating focal liver lesions. We aimed at a much 
higher dose reduction strategy principally because non-
contrast scans in CT urography are obtained to look for 
calcifications and hemorrhages which are more easily 
detected compared to hypoattenuating liver lesions.

Ciaschini et al.10 also tried to assess the acceptability 
of low-dose CT images of the urinary tract. Our study 
attempted a 72. 5% dose reduction which is similar to the 
75% dose-reduced examinations of their study.10 Unlike 
the prospective nature of our study, the previous study 
was retrospective and utilized simulation software that 
enabled them to reconstruct CT examinations at lower 
tube current levels in the same patients. They found that 
while sensitivity for all calculi decreased by approximately 

27% with a 75% reduction in tube current, sensitivity for 
calculi greater than 3 mm fell only 5.8% with a 75% dose 
reduction. 

The low-dose (Protocol B) images were reviewed 
by an experienced radiologist to assess their diagnostic 
acceptability (Table 4). Considering scores 1-3 to be 
diagnostically acceptable, 98.95% of image sets were 
found to be acceptable. Among those, 56.84% of image 
sets scored very good, 42.1% of images scored fair, and 
only 1.05% of images scored excellent. One image set 
was given a score of 4 i.e. Poor image with deterioration 
of image quality. The Protocol B images showed an 
underwhelming overall image quality score, which was 
based on the subjective impression of the image by 
the observer. This low score may be the result of the 
unfamiliarity of plastic-like image impressions of iterative 
reconstruction.11 The possibility that this unfamiliarity 
generated by iterative reconstruction may negatively 
influence the interpretation of radiologists should be 
considered before the implementation of SAFIRE into 
routine clinical abdominal imaging. Also, the scores 
depended largely on other patient factors including the 
amount of perirenal fat present, the presence of ascites, 
or other fluid collections in the abdomen. It was noted 
that patients with abundant perirenal fat scored better 
than others in the quality score. Moreover, patients with 
excess fluid collections in the vicinity of the kidneys failed 
to obtain a good quality score. Thus, this dose reduction 
technique needs to be used with caution in patients with a 
history of ascites or other fluid collections.
Limitations and recommendations
There were certain limitations in our study. We only 
included patients having a BMI less than 25kg/m2 because 
the lower kVp would not be sufficient for patients with 
larger body habitus. Thus, a modified study, perhaps with a 
slightly increased kVp or mAs may be suitable for patients 
with BMI≥25kg/m2. We only used one scanner and hence, 
only one iterative reconstruction method i.e. SAFIRE, was 
evaluated. SSDE values were calculated using the effective 
diameter and not the water equivalent diameter which 
would have been ideal. Another limitation was that only 
adults were included in the study. Pediatric patients were 
excluded since the scanner in use makes use of the 32cm 
PMMA phantom for the CTDIvol measurement for the 
pediatric abdomen whereas the AAPM report has strictly 
mentioned the need for a 16 cm PMMA phantom if SSDE 
were to be calculated using the f-size factors provided in 
the report.5 Finally, the sample size was small due to the 
time constraints and demanding inclusion criteria. So, a 
larger scale study including the pediatric population and 
employing random sampling is recommended.

CONCLUSION
The quantitative analysis showed that compared to the 
120kVp FBP images, the 80kVp IR images allowed a 
drastic 72.5% dose reduction. However, with an increase 
of 13.17% in noise as a penalty. The overall image quality 
evaluation showed that the iterative reconstruction 
algorithm yielded diagnostically acceptable images at low 
tube voltage (80kVp) and low tube current-time product 
(200mAs) setting and thus may be a valuable tool for 
reducing radiation dose in CT examinations of the urinary 
tract.
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