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Abstract

Purpose: To assess the extent to which a radiation dose can be lowered without compromising image quality and
diagnostic confidence in congenital urinary tract abnormalities in children by using a CT scanner with an iterative
reconstruction algorithm.

Material and methods: 120 CT urography image series were analysed retrospectively. Image series were divided into
four study groups depending on effective radiation dose (group 1: 0.8-2 mSv; group 2: 2-4 mSv; group 3: 4-6 mSv;
group 4: 6-11 mSv). Objective and subjective image quality were investigated. In objective analysis, measurements
of attenuation and standard deviation (SD) in five regions of interest (ROIs) were performed in 109 excretory image
series, and image noise was evaluated. In subjective analysis, two independent radiologists evaluated 138 kidney units
for subjective image quality and diagnostic confidence.

Results: There were no significant differences in image noise in objective evaluation between the following study groups:
2vs. 3 and 3 vs. 4 in all ROIs (with the only exception in spleen SD measurement between study groups 2 vs. 3), while
there was significantly more image noise in group 2 in comparison to group 4. For all other ROIs in all study groups,
there was more image noise on lower dose images. There were no significant differences in pairwise comparisons be-
tween study groups in subjective image quality. Diagnostic confidence was not significantly different between all study
groups.

Conclusions: Low-dose CT urography can be a valuable method in congenital urinary tract abnormalities in children.
Despite poorer image quality, diagnostic confidence is not significantly compromised in examinations performed
with lower radiation doses.
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Introduction

Intravenous urography (IVU) has been displaced by other
modalities in diagnostic imaging in children and can only
be performed in cases of restricted access to computed to-
mography urography (CTU) or magnetic resonance uro-
graphy (MRU) [1]. MRU has become a method of choice
in the diagnosis of congenital anomalies of kidneys and
urinary tracts (CAKUT) in children [1-3]; however, there
is a role for CTU in case MRU is not available [1,3,4].

High radiation doses in CT examinations are a major
concern, especially in children. Several techniques to re-
duce the radiation dose, according to the ALARA (As Low
As Reasonably Achievable) principle, have been proposed
[5-11]. This will include the following: limitation of study
phases and scan region; reduction of acquisition param-
eters (kV and mAs settings); and using dose-reduction
techniques, such as automatic tube current modulation
or implementation of split-bolus protocols and iterative
reconstruction techniques. However, dose reduction may
be at the cost of decreased image quality.

According to the guidelines of the European Society
of Paediatric Radiology (ESPR) and European Society of
Urogenital Radiology (ESUR), a reference value of effective
dose for paediatric CTU examinations should be kept at
a level of around 2 mSy, with a maximum of 6 mSv [1,12].
In adults, the maximum value is higher - approximately
10 mSv.

According to the same guidelines, indications for CTU
in children include trauma, urolithiasis, vascular disease,
tumours, and complicated infections [1]. There may be
arole for CTU in CAKUT in children. The advantages of
CTU over MRU include shorter time of examination, no
need or much shorter time of sedation [3,13] and easier
access to CT scanners in some regions.

The purpose of this study was to investigate if lower-
dose CTU scans have as good image quality and diag-
nostic confidence as the higher dose in the diagnosis of
CAKUT in children.

Material and methods

Study design

This is a single-institution, retrospective cohort study
comparing the image quality and diagnostic confidence
between four decreasing levels of radiation dosage in
CTU examinations performed due to suspected CAKUT
in children. CTUs were performed between 2011 and
2016 in selected patients as a successive imaging exami-
nation (following ultrasonography and dynamic or static
renal scintigraphy, which were performed in all analysed
patients, and voiding cystourethrography in selected pa-
tients). There was no access to MRU. CTU was the only
option to precisely asses the anatomy of the urinary tracts
if there was no correlation between the results of men-

tioned imaging modalities and/or due to planned surgical
treatment (i.e. qualification to surgical repair, suspected
complications or follow-up during treatment). In most
cases, indications for CTUs were determined in collabo-
ration with a urologist, a nephrologist, and a radiologist.

Our study was accepted by the institutional Ethics Re-
view Board.

CTU protocol

CTUs were performed with the same 64-MDCT scanner
(Brilliance CT 64, Philips Healthcare, Best, Netherlands).
The standard CTU protocol included acquisition made
from the diaphragm or the top of the kidney to the sym-
physis pubis. Delayed phases were performed 10-45 min
after intravenous (IV) administration of contrast material
(CM) (92% of studies — between 15 and 30 min) with use
of Tomeron 300 (iomeprol) in a standard dose of 1 ml/kg
of body weight.

The CT scanner had an iterative reconstruction algo-
rithm (iDose4), and the fourth reconstruction level was im-
plemented in all analysed examinations [14]. Scanning pa-
rameters (including tube voltage kV and tube current mAs)
were different, depending on the standard department’s CT
protocols adequate to patients’ weight. Automatic tube cur-
rent modulation was a standard; however, in some cases kV
and mAs settings that were lower than standard were kept
constant to obtain greater dose reduction.

Image evaluation was performed on a diagnostic work-
station (IntelliSpace Portal, Philips, Netherlands). Only
CTUs with single excretory image series were evaluated.
Split-bolus technique was not a subject of investigation,
and these image series were not included in the analysis.

Radiation exposure assessment

All results were analysed depending on the effective radia-
tion dose. Volume CT dose index (CTDI) and dose length
product (DLP) were recorded from the study dose sum-
mary, and the effective radiation dose (E) was calculated
according to Thomas et al. [15] - DLP was multiplied by
a conversion coeflicient for the abdomen/pelvis region.
Image series were divided into four study groups depend-
ing on the effective radiation dose (group 1: 0.8-2 mSv;
group 2: 2-4 mSv; group 3: 4-6 mSv; group 4: 6-11 mSv).
Objective and subjective image quality was evaluated be-
tween study groups.

Objective image analysis

Attenuation in Hounsfield units and the standard devia-
tion (SD) in five standardised 1 cm? regions of interest
(ROISs) in similar anatomic locations were recorded [16-24]
(Ao, upper part of spleen, upper peripheral part of right
hepatic lobe, left iliopsoas muscle at L5 level, and back-
ground noise measurements made in air in front of the
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Figure 1. Measurement of attenuation in Hounsfield units and the standard deviation in five standardized ROIs (aorta, spleen, right hepatic lobe, left
iliopsoas muscle at L5 level, air in front of the patient) in objective image analysis

patient) (Figure 1). If the anatomical structure was smaller
than 1 cm?, the ROI area was adapted to this structure.
The mean of three consecutive measurements for every
ROI was analysed.

Image noise and signal-to-noise ratio (SNR) were eval-
uated. Increased mean value of the SD in the ROIs was
assessed as noise, reducing image quality. The SNR was
calculated according to the following formula:

SNR = HUo/SDo
where HUo is the mean attenuation and SDo is the mean
SD in a specific ROL

Subjective image analysis

Criteria for subjective image analysis were based on previ-
ously reported abdominal CT studies [16-24]. Subjective
image quality and diagnostic confidence were evaluat-
ed. Subjective image quality was defined as the presence
of image noise and beam-hardening streak artefacts and
was rated on a five-point scale (1 — unacceptable quality,
non-diagnostic; 2 - poor quality, affecting the interpreta-
tion; 3 — moderate quality, not affecting the interpretation;
4 - good; 5 - excellent). Diagnostic confidence was de-
fined as reader confidence in visualisation of anatomical
structures (calyces, pelvis, megaureter) and was evaluated
on a five-point scale (1 — unacceptable, non-diagnostic;
2 - poor, affecting the interpretation; 3 - acceptable,
diagnostic; 4 - good; 5 - excellent). For both scales,
grades 1 and 2 were deemed non-diagnostic in clinical prac-
tice. The evaluation of all collecting systems was performed
independently by two radiologists (P.B and A.B., with 7 years
and 17 years of experience in paediatric CT, respectively),
who were blinded to the group information. All discrepan-
cies were discussed, and consensus was achieved [16,17].

The left and right kidneys were evaluated separately.
In the case of collecting system duplication (suspected on
ultrasonography or scintigraphy and confirmed in CTU),
both systems were also evaluated separately.

In all cases the grade of hydronephrosis was assessed
in ultrasonography according to the grading system de-
scribed in the ESPR guidelines [25] and was compared
between the study groups.

CTU examinations performed with use of diuretic
(furosemide), and all kidneys with impaired renal func-
tion (i.e. < 40% of split renal function at DMSA scintigra-
phy) were excluded from this analysis.

Statistical analysis

Continuous variables were tested by the Shapiro-Wilk test
for normality. Data were expressed as median and inter-
quartile range (IQR). The Kruskal-Wallis test was used to
test differences between groups and Dunn’s test for pair-
wise comparisons. Statistical analysis was performed us-
ing Statistica 12 (Tulsa, USA). For all studies, a p-value of
< 0.05 was defined as statistically significant.

Results

Patient population

A total of 233 urinary tract examinations were assessed
for eligibility. Fifty-seven were excluded due to not match-
ing indication (i.e. evaluation of urinary tract injury, renal
cysts, or tumours), and 56 due to use of split-bolus pro-
tocol. A total of 120 image series were included for the
final analysis. There were 44 girls and 76 boys, median age
1.85 years, IQR 0.5-6.0 years, range 1 month — 17 years
(Table 1). There was no significant difference in terms of age
(p = 0.08) between study groups. Indications for 120 CTUs
are presented in Table 1.

Objective image evaluation

From the number of 120 image series, seven were exclud-
ed because the scan range did not include all analysed
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Table 1. Characteristics of patients in four study groups. Data shown as median (IQR)

Group 1 Group 3 Group 4
(0.8-2 mSv) (4-6 mSv) (6-11 mSv)
n=34 n=21 n=23
Sex (M:F) 23:1 27:15 14:7 12:1 0.66
Age (years) 5.3(0.7-8.5) 1.4(0.5-3.3) 2.3(0.5-5.2) 2.0(0.4-4.6) 0.08
Age (range) 0.2-13.9 0.2-15.1 0.2-10.7 0.1-17.0
Indications
Hydronephrosis, n = 53 (44%) 15 18 13 7
Megaureter, n = 26 (22.5%) 8 8 4 6
Upper urinary tract duplication, n = 23 (19%) 5 9 3 6
Post-operative follow-up (assessment of outcomes 4 4 1 3
and/or diagnostics of complications), n =12 (10%)
Abnormalities of kidney structure, shape, and location, n = 4 (3%) 1 2 - 1
Ureterocele, n=2 (1.5%) 1 1 - -
ROIs, and four were excluded due to severe motion arte- Discussion

facts. The final analysis included 109 CTUs.

SD and SNR values were compared between all study
groups (Figure 2). There were no significant differences in
SD and SNR values between the following study groups:
2 vs. 3 and 3 vs. 4 in all ROIs (with the only exception
in spleen SD measurement between study groups 2 vs. 3;
p =0.038). However, there were significant differences be-
tween groups 2 and 4 in all ROIs (significantly higher SD
and lower SNR values in group 2).

For all other ROIs in all study groups, there was more
image noise (significantly higher SD and lower SNR values)
on lower-dose images.

Subjective image evaluation

From 120 image series, 35 were excluded due to use of
diuretic (furosemide) and four due to severe motion
artefacts. In the remaining 77 image series, 165 kidney
units were evaluated - 27 of them were assessed as having
impaired renal function (< 40% at DSMA) and excluded.
The remaining 138 kidney units were included for the final
analysis.

There was no significant difference in terms of age
(p = 0.35) and grade of hydronephrosis (p = 0.7) between
kidney units in all study groups.

There were 28 kidneys with low-grade HN (grade 1 or 2)
and 35 kidneys with high-grade HN (grade 3-5).

There were no significant differences in pairwise com-
parisons in subjective image quality between the study
groups. None of the kidney units was rated as grade 1 or 2,
thus all were deemed diagnostic in clinical practice.

Median diagnostic confidence score was 5 (IQR: 5-5)
in all study groups (Table 2), making the diagnostic confi-
dence not significantly different between all study groups
(p=022).

We have shown that in comparison to higher-dose CTUs,
lower-dose CTUs have poorer image quality, but similar
capability to visualise anatomical structures of collecting
systems in children with suspected CAKUT (Figure 3).

We have noticed a significant difference in objective
image noise between study groups 2 vs. 4; however, image
noise was similar in groups 2 vs. 3 (the only exception was
a significant difference in spleen SD measurement) and
3 vs. 4. For all other comparisons between study groups,
there was more image noise on lower-dose images. How-
ever, our analysis of subjective image quality and diag-
nostic confidence did not reveal significant differences
between the study groups.

The development of new CT techniques in the last
few years, such as improved spatial resolution, shorter
scan times, volumetric scanning, and implementation of
iterative reconstruction techniques [3-14,16-24,26-28],
allowed for significant reduction in radiation dose.
The currently accepted maximum dose level for CTUs
in children is 6 mSv [12]; however, this level was deter-
mined based on the data available in the literature prior
to 2009, i.e. just before the implementation of iterative
algorithms in clinical use. Advances in iterative algorithms
have already been described in many publications and
allow a significant reduction in radiation dose without
affecting image quality [7,9,10,14,18-21,23,28]. In the case
of abdominal CT in children, the dose reduction is up to
32-75% [7,23,29]. Our analysis was performed with the use
of a CT scanner with implemented iterative reconstruc-
tion technique (iDose4). Given our results, we suggest
reducing the cut-off dose for CTUs in children to the level
of 2 mSv because this will not affect subjective image qual-
ity and diagnostic confidence in comparison to higher-
dose CTUs.
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In our study, objective image evaluation was per-
formed according to previously reported abdominal CT
studies [16-24]. However, ROIs were placed in locations
not adjacent to collecting systems. This was performed
to make our analysis independent of unwanted CM in-
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Figure 2. Box plots showing objective image evaluation with standard de-
viation (SD; blank box plots) and signal-to-noise ratio (SNR; grid box plots)
measurements for all study groups in 5 different ROIs. Horizontal line —
median values; bottom and top of the box — IQR, respectively

fluence. It has been reported that excreted CM can create
beam hardening - streak artefact, limiting evaluation of
adjacent structures [30,31]. Also, non-uniform opaci-
fication as well as layering effect of CM in the collecting
system could affect measurements of HU and SD, making

© Pol J Radiol 2018; 83: e175-e182
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Table 2. Subjective image evaluation — characteristics of kidney units and
scores for subjective image quality and diagnostic confidence evaluated on
a 5-point scale. Data shown as median (IQR)

Group 1 Group 2 Group3 | Group4
(0.8-2mSv) | (2-4mSv) | (4-6 mSv) | (6-11 mSv)

No. of kidney 30 52 22 34
units, n =138
Age 49 0.8 1.9 1.1
of patients* (0.5-7.8) (0.5-6.0) | (0.5-4.2) | (0.8-3.6)
(years)
HN

Low grade 7 12 4 5

High grade 7 14 7 7
Subjective 3(3-4) 4(3-4) 4(3-5) 3(3-4)
image
quality
Diagnostic 5(5-5) 5(5-5) 5(5-5) 5(5-5)
confidence

*Age of patients was evaluated separately for each kidney unit.

objective image noise assessment unreliable. These param-
eters, however, were taken into consideration in subjective
image quality evaluation.

There are several parameters providing information
about radiation dose from CT examinations, such as
CTDIvol, DLP, SSDE [32], and effective dose (E), which
was found to be the most reliable for dose measurement
[12,33]. There are normalised region-specific coeflicients,
which are different for adult and paediatric patients [15,34]

and can be used to calculate the effective dose from DLP.
Additionally, this parameter allows us to compare differ-
ent imaging modalities, i.e. X-ray examinations, CT, or
scintigraphy [35]. We have decided to calculate an effec-
tive radiation dose according to Thomas et al. [15] be-
cause this method was also used to establish a reference
value of effective dose for paediatric CTU examinations
[12]. In recent publications there has been an increasing
role of SSDE because this parameter considers the real
size of the patient [32].

Only kidneys with preserved renal function (> 40% at
DSMA) were evaluated in our study. This is a substantial
limitation in comparison to MRU, which may be utilised
in patients with impaired renal function [36]. However,
exclusion of non-functioning kidneys allowed us to ana-
lyse a statistically uniform group of kidney units. Also, use
of furosemide was an exclusion criterion because diuretics
have an impact on CM distribution throughout the uri-
nary tract [37].

In our study four image series were excluded from the
final analysis due to severe motion artefacts. Although
this affects image quality, but is an independent factor
not connected to the study protocol and radiation dose.

There were limitations to our study. First, scanning
parameters were different between patients and CT pro-
tocols and were not compared directly. We compared the
final dose, which was evaluated on the basis of the study
dose summary provided by the scanner. In children, con-
trary to most CT protocols in adults, scanning parameter
settings must be suited to the patients’” size. CTUs were

Figure 3. A-D) Higher-dose CTU (100 kV, 150 mAs, E = 6.5 mSv) performed in a 10-year-old girl with suspected CAKUT. E-H) — Follow-up study performed
6 months later with lower-dose protocol (80 kV, 40 mAs, E = 0.9 mSv), with more prominent image noise, but non-diminished diagnostic confidence
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performed with our standard CT protocols depending on
the weight of the patient. However, with increasing expe-
rience, lower scanning parameters were implemented into
standard protocols to obtain greater dose reduction. Mod-
ern CT scanners display expected CTDI and DLP values
before scanning and allow for correction of the settings
to obtain lower effective dose. Second, distention of the
urinary tract was not evaluated, except for a comparison
between study groups in terms of degree of hydronephro-
sis - a significant difference in the number of hydrone-
phrotic kidney units could have an impact on subjective
image evaluation. Third, it was not obligatory to visualise
all segments of the normal, non-distended ureters. Con-
trary to CTUs in children, CTUs in adults are performed

Paediatric CT urography radiation dose vs. image quality

to visualise urothelial cancers, and appropriate distention
of the ureters is mandatory [37].

Conclusions

Higher image noise of lower-dose CTUs does not affect
their diagnostic confidence in diagnosis of suspected
CAKUT in children. We suggest reducing the cut-off dose
for CTUs in children performed with iterative reconstruc-
tion algorithms to the level of 2 mSv.
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