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Background: Computed tomography (CT) is one of the most used modalities for diagnostics in
paediatric populations, which is a concern as it also delivers a high patient dose. Research has focused
on developing computer algorithms that provide better image quality at lower dose. The iterative
reconstruction algorithm Sinogram-Affirmed Iterative Reconstruction (SAFIRE) was introduced as a
new technique that reduces noise to increase image quality.

Purpose: The aim of this study is to compare SAFIRE with the current gold standard, Filtered Back
Projection (FBP), and assess whether SAFIRE alone permits a reduction in dose while maintaining
image quality in paediatric head CT.

Methods: Images were collected using a paediatric head phantom using a SIEMENS SOMATOM
PERSPECTIVE 128 modulated acquisition. 54 images were reconstructed using FBP and 5 different
strengths of SAFIRE. Objective measures of image quality were determined by measuring SNR and
CNR. Visual measures of image quality were determined by 17 observers with different radiographic
experiences. Images were randomized and displayed using 2AFC; observers scored the images answering
5 questions using a Likert scale.

Results: At different dose levels, SAFIRE significantly increased SNR (up to 54%) in the acquired images
compared to FBP at 80kVp (5.2-8.4), 110kVp (8.2-12.3), 130kVp (8.8-13.1). Visual image quality was
higher with increasing SAFIRE strength. The highest image quality was scored with SAFIRE level 3
and higher.

Conclusion: The SAFIRE algorithm is suitable for image noise reduction in paediatric head CT. Our data

demonstrates that SAFIRE enhances SNR while reducing noise with a possible reduction of dose of 68%.

INTRODUCTION

Computed Tomography (CT) is fast, precise and one of
the most used modalities for diagnostic imaging!. It is con-
sidered the technique of choice both in adult and paediatric
population, but it is also associated with high effective dose.
7 million paediatric CT scans were performed in 2007 in
the USA and with this value rises almost 10% every year.
Dose reduction for paediatric examinations has become a
priority, since younger patients have a higher potential for

an increased lifetime risk of radiation-induced malignancy2
However, the dose reduction should not compromise diag-
nostic image quality.

Different CT reconstruction algorithms have been devel-
oped over the years. Filtered back projection (FBP) is by far
the most used todays3. It is fast and applies different filters+
and increases spatial resolution. It also increases image noise
requiring a higher X-ray tube setting, resulting in a higher
radiation exposure>.
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[terative reconstruction (IR) techniques have been
developed to reduce dose while maintaining or improving
objective image quality by reducing noise and consequently
improving Signal-to-Noise Ratio (SNR). However, these
techniques require a high computing power and have been
too time consuming, limiting its clinical applications.

Table I: Acquisition parameters for all the images

Batch 1 2 3

kV 80 110 130

mAs 50 50 50
100 100 100
200 200 200

Siemens has recently developed Sinogram-Affirmed
Iterative Reconstruction (SAFIRE), an advanced iterative
reconstruction technique that requires less computing power
and uses both FBP and raw data-based iterations to remove
noise and improve image quality. The corrected image is com-
pared with the original and the process is repeated several
times. SAFIRE provides 5 strength levels of noise reduction,
1 being the weakest and 5 the strongest”. Noise reduction and
noise texture vary with the reconstruction strength selected.
Strength value does not translate the number of iterations and
does not affect reconstruction times. Nonetheless, SAFIRE is
still more time consuming than golden standard FBP>.

This study aims to compare SAFIRE to FBP and deter-

mine whether SAFIRE permits a reduction in dose while
maintaining image quality in paediatric head CT.

MATERIALS AND METHODS

CT protocol selection

For this study a simulated examination was performed
using the paediatric head phantom ATOM of a five year
old child, model 7055, to acquire a series of image sets®
The equipment used for the simulation was a Siemens
SOMATOM perspective 128 CT scanner. Prior to the study,
three image sets were created using different settings for kV
and mAs, indicated in Table 1.

Data reconstruction

All the image sets were reconstructed using FBP and
SAFIRE strengths 1, 2, 3, 4, and 5. The kernels used for

image reconstruction were ‘smooth’ (J30 for SAFIRE and
H30 kernel for FBP). This study focused mainly on the soft
tissue kernel, as it allows a better representation of soft
tissue structures. Sharp kernels, used for bone tissue studies
add too much image noise. All images were reconstructed
using 1 and 3mm slice thickness but only 3mm thick-
ness were selected for the final three image sets, in order
to keep in-line with those used in clinical practiceo-11. All
reconstructed images were acquired from the same original
dataset. Window width 50, window level 100 and field of
view were kept constant for visual image quality analysis.

Figure 1: Reference images; FBP 80kV 100mAs (left), FBP 110kV 100 mAs (middle),
and FBP 130 kV 100 mAs (right).

Visual assessment of image quality

For visual analysis, a forced choice technique was used
for image comparison, using two-alternative forced choice
(2AFC) software!2-13. Nine sets of parameters and six types
of reconstructions totalled 54 images, which were scored
by 17 observers. The 54 images were divided into three
batches, each batch containing 18 images with the same
kVp. In every batch, two duplicated images were included,
which allowed for intra observer reliability to be assessed.
Slice 18 was chosen for evaluation, through consensus deci-
sion, as it was considered that this slice represented a good
visualisation of inner structures within the phantom. The
SNR was calculated on all FBP images and the one with
the average SNR was used as the reference image for each
batch, which identified the 100mAs image, for every kVp
value (Figure 1).

Eight inexperienced observers (first and second year radi-
ography students and one high school graduate) and nine
experienced observers (seven graduate radiographers and
one physicist specialized in medical imaging) independently
scored the images. All observers took part in a visual acuity
test where a series of visibility, depth and contrast perception
tests were performed to assess the visual capacity of each
observer. These tests were performed to exclude observers
with impaired visual acuity.
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Table 2: Questionnaire used for evaluation of images

Item 1 The differentiation of contrast within the
encircled structure and its immediate background
(see image)?

Item 2 The visual sharpness of the bony structure
displayed?

Item 3 The sharpness of the circle in the encircled
structure (see image)?

Item 4 The overall image quality?

Item 5 The overall noise of the image?

Before visual image quality assessment, each individual
observer received verbal instructions and a reference sheet
to allow a better understanding of specific image areas evalu-
ated in each question (appendix A). Each image was evaluated
separately and compared with the reference image. The
questionnaire for this evaluation contained one question for
counting the circles in the central area of the phantom and
five questions with a 5 point Likert scale which were used
for scoring image noise, contrast and overall image quality

Mean signal bone —mean signal tissue

CNR =
Mean 5D

as perceived by each individual observer (Table 2)101415, All
observers were blinded to acquisition parameters and images
were displayed in a randomized fashion.

Light in the room was dimmed and constant; monitor
settings (Siemens, 19 inch, resolution: 1280x1024) were
kept identical for all observers, in order to further reduce
observer bias.

Physical assessment of image quality

For the physical analysis SNR, uniformity and CNR
measurements were performed in each image. Using the soft-
ware Image], three Regions of Interest (ROI’s) were drawn
with a 10-mm2 area for SNR calculation (Figure 2). Two
other ROI's were drawn on bone and soft tissue and were
used to obtain CNR values (Figure 4). ROI's were drawn in
specific areas and in the same place for every image (approx-
imately), in order to obtain better contrast measurements
and to facilitate the evaluation of image quality parameters.
SNR and CNR were calculated using the following standard
equations:

Mean signal value within ROI

SNR=
5D within RQY

Figure 2: ROI's used for SNR measurements.

CT-EXPO dosimetry software for Monte Carlo model-
ling for calculating the dose’s.
Statistical Analysis

The data acquired from the visual assessment of image

Figure 4: ROI drawn to measure CNR.

quality (2AFC) was imported into SPSS software (version
21.0) for statistical analysis. The data was analysed to assess a
95% confidence interval and for each IR. Descriptive statistics
were used to determine the participant visual perception of
the change in IR and the effect on image quality. Correlations
and p-values were calculated using Microsoft Excel (2013).
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RESULTS

Physical assessment of image quality

Physical image quality measures indicate the image noise
was higher in the FBP compared to the SAFIRE groups (Table
1). Furthermore, a decrease in noise was observed with
increasing SAFIRE strength. The decrease in noise with the
increase in SAFIRE strength precipitated an increase in SNR.
CNR remained constant, with minimal change in standard

Table 3: The relationship between kVp/mAs and effective dose

deviation. SAFIRE groups 3, 4, and 5 show comparable noise
and SNR values.

Dose assessment

Table 3 highlights the increase in mAs within kVp values
resulting in a proportional increase in DLP, effective dose
(E) and the effective dose to the eyes, with a reduction at low
mAs values. Figure 5 illustrates the correlation between DLP
and effective dose with an r2 = 0.996, with the effective dose
to the eyes displaying a correlation of r2 = 1.

kVp mAs DLP (mGy*cm) E(mSv)(103) E eye (mSv)
80 50 44 0.1 3.4

80 100 88 0.2 6.9

80 200 175 0.5 13.7

110 50 103 0.3 8.1

110 100 207 0.5 16.2

110 200 413 1.1 32.3

130 50 154 0.4 12.1

130 100 309 0.8 24.2

130 200 618 1.6 48.3

Visual assessment of image quality

The division of the observers in terms of experience
allowed for comparative analysis between the two groups
(Table 4). Table 5 provides the results of the calculated Intra
Class Correlation Coeflicient (ICC) values for the experi-
enced and non-experienced group of observers. All ICC
values have a statistical significance of p < 0.001. The values
of the intra class correlation (ICC) show weak to moder-
ate agreement within all subject groups, where the group
of experienced subjects shows a higher ICC for every cri-
teria. The biggest difference in ICC between experienced
and non-experienced observers can be observed in criteria

1, whereas criteria 4 and 5 show similar values.

Figure 6 illustrates the relationship between the mean
IQ and the acquisition parameters (kVp/mAs) for FB and
the SAFIRE groups with a 95% Confidence Interval (CI). An
increase in the mean perceptual IQ is prominently demon-
strated with increases in SAFIRE strength.

FBP and SAFIRE 1 are comparable as they display similar
mean [Q with increments in parameters; however a stronger
confidence interval is displayed within SAFIRE 1. SAFIRE 2
shows an increase in mean [Q at lower parameters, however
this increase is more obvious with SAFIRE 3, 4 and 5.
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Table 4: Data representing mean value (+SD) of image noise, CNR, SNR

31

FBP SAFIRE 1 SAFIRE 2 SAFIRE 3 SAFIRE 4 SAFIRE 5
80 KVP
Noise 11.1(£3.3) 10.3(£3.1) 9.6(£2.8) 8.9(£2.7) 8.2(£2.5) 7.5(£2.3)
CNR 0.8(x0.4) 0.8(x0.5) 0.8(+0.5) 0.8(x0.5) 0.8(x0.5) 0.8(x0.6)
SNR 5.2(x1.5) 5.7(x1.7) 6.2(£1.9) 6.9(x2.1) 7.6(£2.3) 8.4(+2.6)
110 KVP
Noise 6.2(+1.6) 5.7(x1.6) 5.3(x1.4) 5.0(x1.4) 4.7(x1.5) 4.2(%1.3)
CNR 0.5(£0.4) 0.5(x0.5) 0.5(%0.5) 0.5(£0.6) 0.5(£0.7) 0.4(£0.7)
SNR 8.2(+2.0) 8.8(+2.1) 9.4(+2.4) 10.2(x2.6) 11.2(£3.0) 12.3(£3.5)
130 KVP
Noise 4.9(£1.0) 4.6(£0.9) 4.2(£0.9) 3.9(£0.8) 3.6(x0.7) 3.2(x£0.7)
CNR 0.5(+0.2) 0.5(+0.2) 0.5(+0.2) 0.6(x0.2) 0.5(x0.2) 0.5(x0.3)
SNR 8.8(x1.1) 9.4(£1.2) 10.2(x1.3) 11.0(x1.3) 12.0(£1.5) 13.1(x1.7)
E(mSv)(103)
R? = 0,99662
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Figure 5: Correlation between the Effective dose (103)(mSv) and DLP (mGy*cm). A strong positive correlation is shown between the effective dose and DLP with a (r = 0.99).

Table 5: Calculated values for Intra-class correlation for experience and non-experience observer groups

Experienced Non-experienced
Item 1 0.536 0.211
Item 2 0.274 0.18
Item 3 0.531 0.377
Item 4 0.529 0.507
Item 5 0.677 0.624
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Figure 6: The mean image quality for each IR incorporating a 95% confidence interval, at each acquisition parameter. The reference image intersecting (y=3) the y axis

represents an average image quality.

The Pearson Product-Moment Correlation Coefficient
(r), correlation of determination (r2), and the p-value were
calculated and tabulated (Table 4). This table highlights
the lack of correlation between the perceptual image

quality score and the physical image quality measures with
r2 = 0.20 and r2 = 0.007 for SNR and CNR respectively.
However, the p-value suggests a highly statistical signifi-
cant relationship.
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Mean R2 R R= P
Image
quality
SNR 0.2023 0.449778  2.6461E- p<0.0001
121
CNR  0.0074 0.086023  6.8558E- P<0.0001
121

DISCUSSION

Providing acceptable image quality while reducing
the radiation dose remains of paramount importance in
CT examinations, more so for paediatric patients. Recent
developments in iterative reconstruction technologies such
as SAFIRE, shows potential in reducing the dose while
improving image quality. However, the application of these
techniques are limited for paediatric patients, with insignif-
icant guidelines on the optimal SAFIRE strength for the best
image quality.

This study highlights the advantages of using iterative
reconstruction for a paediatric head phantom with a reduc-
tion of more than 68% in effective dose in comparison to
standard Siemens SOMATON perspective 128 Computed
Tomography (CT) protocol. The study also found that
SAFIRE increases the SNR by an average of 22% with an
average reduction in noise of 20%. When comparing the
standard FBP reconstruction to SAFIRE 5, an average of
33% reduction in noise and 54% increase in SNR was calcu-
lated and the same was appreciated in the mean perceptual
image quality scores, with SAFIRE 5 providing the best
image quality. However, the item assessing the ‘overall image
quality’ identified SAFIRE 4 as providing the best image
quality. A factor most likely influenced by the image blurring
or over smoothening reported in several studies!-3 with an
increase in SAFIRE strength recognising that a reduction in
noise may not directly translate to an improvement in overall
image qualityl. Further research is required to identify the
dose level at which diagnostic image quality can be achieved.

Observers

Experienced observers showed a higher ICC compared
to inexperienced observers, which might be due to the fact
that inexperienced observers have a learning effect during
the task!”. Buissink et al (2014) found that a statistically
significant improvement can be observed post-training.
However, all observer groups showed low to moderate ICC
in all items of the IQ-criteria. The inclusion of training may

have resulted in smaller difference between the groups18 and
might have increased overall observer reliability.

Limitations

The simulation of paediatric head phantom ATOM five
year old child, model 705¢, ensured no irradiation of human
tissue’; however this presented a reduction in external valid-
ity. The tissue-equivalent epoxy resins present in all aspects
of ATOM provided advantages in objective measures, but
lacked comparable anatomical representation of a paediatric
brain. This further limited the ability to adapt the European
guidelines for quality criteria for computed tomography due
to its reference to brain anatomy0. The use of a vetted crite-
ria would have prevented the miss interpretation of the item
questioning ‘how many circles can you see in the image?’
Nonetheless training the observers prior to the perceptual
task may have improved their understanding of the question,
increasing inter-observer reliability.

Images at 110kVp were acquired at different scan ranges
in comparison to 80kVp and 130kVp, limiting the selection
of the same slice for all images. Although the method was
designed to overcome this restriction the ability to compare
the batches may still exist.

CONCLUSION

In summary, the SAFIRE algorithm is suitable for image-
noise reduction in paediatric head CT. Our data demonstrate
that SAFIRE enhances SNR, while reducing noise, with a
possible reduction in effective dose of 68%. The decrease
in image quality with dose requires careful consideration
of SAFIRE strength application to achieve optimal balance
between image quality and noise. Our results suggest a
potential for further reduction in dose and encourages an
increase in external validity.
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Appendix A. Image test training

Question B Question C

The differentiation of contrast within the encircled structure (see image) ~ The visual sharpness of the bony structure displayed?
and its immediate background (see arrow)?

Question D

The sharpness of the circle in the encircled structure?

Structure

Observethe 4
externalside of ST }

7
the skullon the l/ \\
right

Background

Appendix B. Questionnaire

How many circles can you count within the centre of the image?

Image Reference |1 |2 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20

Circle e
Appendix C

Table 5: The average image quality score incorporating all observers with

80 kVp
50 mAs 0.1 1.75 (£0.58) 1.91 (£0.57) 2.13 2.06 (£0.47) 2.42 (£0.45) 2.46
(#£0.5) (0.6)
100 mAs 02 R 3.02 (x0.12) 3.02 (x0.36) 3.42 (£0.42) 3.47 3.51(+0.71)
(£0.36) (£0.5)
200 mAs 0.5  3.84(+0.45) 4.05 (£0.49) 4.01 4.08 (£0.58) 4.19 (£0.59) 4.27
(+0.6) (+0.6)
110 kVp
50 mAs 0.3 2.04(+0.45) 2.11 (£0.25) 2.16 (£0.28) 2.27 (£0.31) 2.24(+0.38) 2.51 (+£0.62)
100 mAs 05 R 3.06 (x0.17) 3.35(x0.53) 3.31 (+0.47) 3.68 (£0.66) 3.73 (+0.72)
(£0.34)
200 mAs 1.1 3.59 (+£0.59) 3.59 (+0.61) 3.64 (+0.76) 3.65 (+0.75) 4 391
(0.7) (+0.6)
130 kVp
50 mAs 0.4  2.48(+0.36) 2.59 (£0.42) 2.78 (£0.47) 2.96 (£0.34) 3.14 (+0.49) 3.38 (x0.47)
100 mAs 08 R 3.06 (0.29) 3.25(x0.43) 3.38 (+0.35) 3.72 (£0.49) 3.78 (+0.42)
(20.17)

200 mAs 1.6 3.85 (£0.66) 3.98 (£0.62) 3.96 (20.65) 4.01 (£0.76) 3.96 (£0.71) 3.93(+0.79)



36 OPTIMAX 2014 - radiation dose and image quality optimisation in medical imaging

Appendix D
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Figure 3: Correlation between effective dose to the eyes (mSv) and the DLP (mGy*cm). A strong linear correlation is shown as the increase in DLP increases the effective dose to the eyes.



