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ABSTRACT

Background: High-quality images with minimum radiation dose are considered a
challenge in Computed Tomography (CT) scans.

Objective: The current study aimed to assess the efficacy of the Iterative Recon-
struction in Image Space (IRIS) algorithm combined with Automatic Tube Current
Modulation (ATCM) compared to Filtered Back Projection (FBP) in brain CT scans.

Material and Methods: In this cross-sectional study, 200 patients underwent to
brain CT scan, and images were then reconstructed using both FBP and IRIS. The CT
Number (CTN), noise, and Signal-to-Noise Ratio (SNR) were computed for different
tissues from CT images. The performance of two algorithms under different exposure
conditions was evaluated using a water phantom. Two experienced radiologists as-
sessed the image quality. Volume CT Dose Index (CTDI ) and Dose Length Product
(DLP) were recorded for each scan.

Results: FBP reconstruction exhibited higher noise and lower SNR compared to
IRIS, both with and without ATCM. Noise levels significantly increased for FBP com-
bined with ATCM. Subjective analysis showed higher performance for IRIS without
ATCM compared to other approaches. The mean CTDI  with and without ATCM was
20.04+3.33 and 36.37+4.65 mGy, respectively. In the phantom study, the noise with
IRIS remained lower than that with FBP even with a 42% dose reduction.

Conclusion: IRIS algorithm can preserve the image quality when radiation dose
is significantly reduced by ATCM in brain CT scan. Implementation of IRIS combined
with ATCM is recommended for brain CT examinations.
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Introduction
omputed Tomography (CT) scans, the gold standard [1-3], are
the most requested examination for the brain [4]. However, CT
scans expose patients to ionizing radiation, which can have po-
tential health risks at higher doses [5-7]. The radiation was absorbed
by various brain structures during CT scans [8]. For example, the cra-
nium received 2.57-3.47 c¢Gy, and the brain absorbed 2.34-3.78 cGy.
Notably, the lens of the eye received a higher dose (2.51-5.03 cGy),

Copyright: © Journal of Biomedical Physics and Engineering
This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 Unported License, (http://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited non-commercially.

J Biomed Phys Eng 2024; 14(4)

1Department of Radiol-
ogy Technology, School
of Paramedicine, Hama-
dan University of Medical
Sciences, Hamadan, Iran
2Department of Radiol-
ogy, School of Medicine,
Hamadan University of
Medical Sciences, Ham-
adan, Iran

*Corresponding author:
Salman Jafari
Department of Radiology
Technology, School of
Paramedicine, Hamadan
University of Medical Sci-
ences, Hamadan, lran
E-mail:
sa.jafari@umsha.ac.ir

Received: 1 April 2024
Accepted: 22 June 2024



https://orcid.org/0000-0001-7720-8000
https://doi.org/10.31661/jbpe.v0i0.2404-1741

Salman Jafari, et al

highlighting the importance of proper shield-
ing during the procedure [9] considering these
findings, implementing strategies to minimize
radiation dose is crucial in brain CT scans.

In this regard, some solutions are consid-
ered, including Diagnostic Reference Levels
(DRLs), Automatic Tube Current Modulation
(ATCM), dynamic shielding, and iterative re-
construction algorithms [10-12]. The most
of the dose reduction strategies result in de-
teriorated image quality due to an increase in
noise level [13]. Hence, dose reduction meth-
ods that preserve the image quality are of high
importance.

For CT scans, the reconstruction algorithm
significantly affects image clarity; Filtered
Back Projection (FBP), as the most common
method, is implemented in CT scanners [14],
with some significant challenges for decreas-
ing the dose and the increasing noise level,
both leading to reducing the image quality
[15].

Iterative Reconstruction in Image Space
(IRIS) is an algorithm specifically designed
to maintain image quality during dose reduc-
tion [16] with superior performance compared
to FBP. In a phantom study, IRIS success-
fully decreased noise levels while preserving
spatial resolution, CT number accuracy, and
linearity [17]. Additionally, image noise and
29% higher Contrast-to-Noise Ratio (CNR)
are substantially reduced for IRIS compared
to FBP under equivalent tube voltage and tube
current [18].

Despite its efficacy, most CT technicians do
not use the IRIS because of insufficient training
in this area. ATCM, also referred to as CARE
dose 4D on Siemens scanners, is an effective
solution for dose reduction in CT scans, which
works well when the reference milliamperes
(mA) setting is correct, and an accurate topo-
gram is taken from the patients [19]. Selecting
the optimal reference mA is crucial since its
low value can lead to excessive image noise,
compromising image quality. Conversely, an
excessively high reference mA can negate the

intended dose reduction benefits.

The use of ATCM when IRIS is used for re-
construction sounds like a good idea for dose
reduction in CT scans without compromising
image quality. To the best of our knowledge,
no prior study has examined the impact of
IRIS in conjunction with ATCM on both radia-
tion dose and image quality in brain CT scans.
Therefore, this study aimed to assess the
efficacy of IRIS compared to FBP in brain CT
examinations.

Material and Methods

Patient population

This cross-sectional study was conducted
from September 2022 to March 2024. A total
of 200 patients underwent to brain CT scan
and informed consent before the study. The
study protocol was approved by the research
ethics committee of Hamadan University of
Medical Sciences. Only images with normal
reports were selected for analysis to decrease
the influence of pathologies or other condi-
tions on CT number and noise of brain tissue.
Table 1 presents the number (N), average age,
and sex of patients stratified by ATCM. Pa-
tient ages ranged from 12 to 85 years, and no
significant difference was observed between
the two groups (P-value>0.05).

Imaging protocol

This study employed a Siemens SOMATOM
Scope, a 16-slice CT scanner, for brain CT
scans. Following a preliminary lateral topo-
gram, all patients underwent sequential scans
encompassing the area from the foramen mag-
num to the vertex (Table 2). Both FBP and
IRIS reconstruction algorithms were applied
to all images. To assess the performance of
FBP and IRIS under varying radiation expo-
sure conditions, a water phantom was scanned
using a range of acquisition parameters. Each
scan was repeated three times for consistency.
Due to its uniform composition and cylindri-
cal shape, the water phantom was scanned
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IRIS Algorithm Influence on Image Quality

Table 1: The average age of patients stratified by sex and automatic tube current modulation

(ATCM).
Gend With ATCM Without ATCM P.val
enaer -value
N Age(year) Mean*SD Age(year) Mean*SD
Men 53 49.71+£16.71 41.631£24.82 P>0.05
Women 47 38.71£26.63 39.11£29.31 '
ATCM: Automatic Tube Current Modulation, SD: Standard Deviation
Table 2: Acquisition parameters for CT scan of the brain and water phantom.
mAs Rotation Slice thickness Collimation Window  Window
Scan kVp . Kernel
(MeantSD) time(s) (mm) (mm) level (HU) level (HU)
Patient Without FBP(H31s)
110  251.73+38.15 1 4.8 16x1.2 120 40
ATCM IRIS(J30s)
Patient with FBP(H31s)
110 130.91+26.55 1 48 16x1.2 120 40
ATCM IRIS(J30s)
FBP(H31s)
Phantom 130 136 1 5 2x5 100 40
IRIS(J30s)
FBP(H31s)
Phantom 110 152 1 5 2x5 100 40
IRIS(J30s)
Phantom 110 114 1 5 x5 DOUIS) g 40
IRIS(J30s)
Phantom 80 220 1 5 ox5 OS] 40
IRIS(J30s)
Phantom 80 130 1 5 ox5 OS] g 40
IRIS(J30s)

ATCM: Automatic Tube Current Modulation, SD: Standard Deviation, FBP: Filtered Back Projection, IRIS: Iterative

Reconstruction in Image Space, HU: Hounsfield Unit

only with ATCM. Noise and SNR were
determined by measuring designated ROIs
within the CT images.

Image quality

Image quality was objectively evaluated by
quantifying the CT Number (CTN), noise,
and SNR for gray matter, white matter, Ce-
rebrospinal Fluid (CSF), and water. This was
accomplished by delineating an ROI with
an area ranging from 60 to 90 mm? on each
tissue.

Figure 1 shows axial images at the level of
lateral ventricles and location of the ROIs.

The standard deviation (SD) within the ROI
was measured as noise, while the SNR was
calculated, as follows [20]:

CT N tissue
S D tissue

where CTN denotes the CT number of tis-
sue, and SD represents the standard deviation.

Two blinded experienced radiologists as-
sessed image quality based on noise, artifacts,
edge sharpness, and contrast using a five-point
Likert scale: (1) poor and non-evaluable im-
age quality, (2) fair but compromised image
quality, (3) good but minimally compromised

SNR = (1)
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FBP with ATCM FBP without ATCM

IRIS with ATCM

IRIS without ATCM

Figure 1: Objective evaluation of image
quality by drawing of region of interest (ROI)
on gray matter, white matter, and cerebro-
spinal fluid (CSF) at the level of lateral ven-
tricular. (FBP: filtered back projection, ATCM:
Automatic Tube Current Modulation, IRIS:
Iterative Reconstruction in Image Space,
HU: Hounsfield Unit)

image quality, (4) very good image quality,
and (5) very high image quality.

Radiation dose evaluation

The Volume Computed Tomography Dose
Index (CTDI ) and DLP are routinely dis-
played by the scanner software for each
scan. These metrics can be used for radiation
dose monitoring. The CTDI  and DLP were
recorded for each patient.

Figure of merit

The Figure of Merit (FOM) is a comprehen-
sive metric for evaluating both radiation dose
and image quality in CT scans. To assess these

factors, the FOM was calculated, as follows
[21]:
_ SNR’

FOM =2-——(2)
CTDI,,

2)
Statistical analysis

Data analysis was performed using SPSS
software version 22. The Kolmogorov-
Smirnov test was used to assess the normality
of data distribution. The Mann-Whitney U test
was employed to compare the means of noise,
SNR, FOM, and CTDI_, with statistical sig-
nificance set at P-value<0.05. Inter-observer
agreement between the two radiologists was
evaluated using the kappa coefficient.

Results

Image quality objective analysis

Table 3 summarizes the mean and SD of CT
numbers for gray matter, white matter, and
CSF, categorized by reconstruction algorithm
(FBP and IRIS) and automatic tube current
modulation (ATCM) use. The Mann—Whitney
test did not reveal significant differences in CT
number for gray matter, white matter, CSF, and
water between the FBP and IRIS algorithms,
both with and without ATCM (P-value>0.05).
Notably, the CT number of gray matter was
higher than that of white matter and CSF for
both FBP and IRIS algorithms.

Figure 2 shows the effect of ATCM on the
noise and SNR of gray matter, white matter,
and CSF for the IRIS algorithm compared to
FBP. All tissues exhibited higher noise levels
for FBP compared to IRIS (P-value<0.05)
both with and without ATCM. Additionally,
the differences in SNRs for gray matter, white
matter, and CSF between IRIS and FBP were
statistically significant (P-value<0.05). FBP
reconstructions with ATCM exhibited a sta-
tistically significant increase (P-value<0.05)
in noise levels across all tissue types. Con-
versely, the increase in noise level for IRIS
was not significant (P-value>0.05). However,
the combination of ATCM with FBP led to a
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Table 3: The mean and standard deviation of CT numbers of gray matter, white matter, and
cerebrospinal fluid (CSF) for iterative reconstruction in image space (IRIS) algorithm compared
to filtered back projection (FBP).

ATCM Tissue Algorithm CT number (MeantSD) P-value
FBP 36.74+2.75
gray matter >0.05
RIS 37.08+2.62
, ) FBP 31.3£2.67
With white matter >0.05
RIS 31.4942.49
FBP 11.54¢2.15
CSF >0.05
RIS 11.37£2.11
FBP 38.23+2.01
gray matter >0.05
RIS 38.78+2.18
, ) FBP 31.2646.24
Without white matter >0.05
RIS 32.7£2.76
FBP 11.0242.2
CSF >0.05
RIS 11.31£1.73

ATCM: Automatic Tube Current Modulation, SD: Standard Deviation, FBP: Filtered Back Projection, IRIS: Iterative
Reconstruction in Image Space, CSF: Cerebrospinal Fluid

ATCM: With ATCM: Without
3 Algorithm Algorithm

DFsp Orep
15007 Zris 15007 Ziris
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Figure 2: The effect of automatic tube current modulation (ATCM) on noise and signal to noise
ratio (SNR) of gray matter, white matter, and cerebrospinal fluid (CSF) for iterative reconstruc-
tion in image space (IRIS) algorithm compared to filtered back projection (FBP).
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significant reduction in SNR for all tissues
under study (P-value<0.05), IRIS prevented
a significant reduction in SNRs for applied
ATCM (P-value>0.05).

In the phantom study, the SNR of water was
higher for IRIS compared to that for FBP at
all dose levels. The radiation doses in terms of
CTDI , were as follows: 26.17, 20.03, 15.03,
12.98, and 7.67 mGy, and the corresponding
SNRs were 0.18, 0.16, 0.14, 0.09, and 0.08
for FBP, and 0.27, 0.22, 0.20, 0.16, and 0.10
for IRIS, respectively. The SNR of water with
IRIS was higher than that with FBP (0.20 vs.
0.18), but the noise was lower (3.46 vs. 3.84)
for dose reduction by 42% (from 26.17 to
15.03 mGy), showing IRIS can preserve im-
age quality in dose radiation reduction. Addi-
tionally, under equal conditions, the noise of
water was lower for IRIS compared to that for
FBP at all dose levels.

Image quality subjective analysis

Table 4 illustrates the mean and SD of the
image scores, categorized by the reconstruc-
tion algorithm and ATCM. The calculated
Kappa coefficient exceeded 0.80, show-
ing strong agreement between radiologists
(P-value<0.001 for all images). Among all
approaches, IRIS without ATCM received the
highest score, followed by IRIS with ATCM,
FBP without ATCM, and FBP with ATCM,
respectively.

Radiation Dose
Figure 3 illustrates the CTDI , and DLP
values categorized by ATCM, presenting
CTDI , 20.04+3.33 mGy and 36.37+4.65
mGy with and without ATCM, respective-
ly (P-value<0.05). Similarly, DLP values
were 237.76+51.06 mGy.cm with ATCM
and 532.4+94.67 mGy.cm without ATCM

Table 4: The mean and standard deviation of image score in terms of reconstruction algorithm
and Automatic tube current modulation (ATCM).

Algorithm and ATCM Score(0-5) (MeantSD) Kappa coefficient P-value
FBP+ATCM 3.81+0.58 0.82 <0.01
IRIS+ATCM 4.06+0.79 0.91 <0.01
FBP-ATCM 3.99+0.98 0.86 <0.01
IRIS-ATCM 4.45+0.43 0.87 <0.01

ATCM: Automatic Tube Current Modulation, SD: Standard Deviation, FBP: Filtered Back Projection, IRIS: Iterative

Reconstruction in Image Space
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CTDIvol (mGy)

~
S
=]
<

.

10.007

Without
ATCM

With

DLP (mGy.cm)

800.007

600.00-

400.00]

200.00-

T T
With Without

ATCM

Figure 3: Volume CT dose index (CTDI ) and dose length product (DLP) in terms of automatic
tube current modulation (ATCM) in brain CT scan.
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(P-value<0.05). The radiation dose was
significantly reduced with applied ATCM.

Figure of merit

Figure 4 depicts the FOM for IRIS and
FBP algorithms categorized by ATCM. Al-
though the FOM for IRIS without ATCM
was higher than that for IRIS with ATCM,
the difference was not statistically significant
(P-value=0.62). Similarly, FBP without ATCM
showed a higher FOM compared to FBP
with ATCM, but the difference was also not
statistically significant (P-value=0.11). The
FOM for IRIS was significantly higher than
that for FBP in both with and without ATCM
conditions (P-value<0.05).

Discussion

Based on the results, IRIS reconstruction,
compared to FBP, does not change the CT
numbers of gray matter, white matter, and
CSF, which is a significant finding due to the
importance of CT numbers for accurate tissue
identification in CT scans. However, there’s
a slight difference in CT numbers between
gray and white matter, any deviation can po-
tentially compromise diagnosis. Therefore,
IRIS is particularly beneficial in situations de-
manding precise tissue differentiation, such as
identifying brain strokes.

3.5 4

1.00

o - 0.47

With the same radiation dose, IRIS signifi-
cantly reduced image noise compared to FBP,
due to IRIS’s regularization procedure [22].
The low level of noise is crucial for accurate
detection of acute ischemia, edema, or hem-
orrhage in brain CT scan. Furthermore, IRIS
yielded higher SNR, FOM, and subjective
scores compared to FBP. Since SNR is the ra-
tio of the CT number over noise, a decrease
in noise results in an increase in SNR. Com-
pared to FBP, studies have shown that IRIS
reconstruction in brain CT scans leads to: 1)
reduced image noise, 2) enhanced subjective
image quality, and 3) perceiving the images as
sharper and more detailed.

Furthermore, IRIS can fully compensate
for the reduction in image quality by lower-
ing radiation dose by 15%, leading to safer CT
scans while maintaining diagnostic accuracy
[23]. In the present study, IRIS preserved im-
age quality even at a higher dose reduction up
to 44.89%.

The present study revealed that ATCM can
reduce the CTDI by 44.89% in brain CT
scan. ATCM adjusts the tube current based
on body thickness during the scan [24]. Since
the AP and lateral diameters of patients’ heads
are not the same, ATCM ensures that the
tube current is tailored to the thickness of the
head for each scan. Without ATCM, the tube

T

FBP+ATCM FBP-ATCM

u 2.86
2.67
IRIS+ATCM IRIS-ATCM

Algorithm

Figure 4: Figure of merit (FOM) for iterative reconstruction in image space (IRIS) and filtered
back projection (FBP) algorithms with or without applying automatic tube current modulation

(ATCM).
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current remains constant across all projections
which consequently results in excessive dose
delivery in slices with lower diameter. In the
present study, the mean tube current without
and with ATCM was 251.73+38.15 mA and
130.914£26.55 mA respectively.

Technicians typically set the tube current
based on the thickest part of the tissue, be-
cause they cannot adjust it manually accord-
ing to varying thicknesses throughout the
scan. When ATCM is applied, the tube cur-
rent is reduced compared to what is selected
by technicians, consequently decreasing the
number of photons reaching both the patient
and the detector. Since image noise is highly
dependent on the number of photons reach-
ing the detector, lowering the tube current re-
sults in increased image noise. In the present
study, ATCM increased image noise for FBP
but IRIS could compensate for the increased
noise. As a result, the difference in noise levels
between scans with and without ATCM was
not significant for IRIS.

The subjective image scores with IRIS were
consistently higher than those with FBP, re-
gardless of ATCM. IRIS resulted in reduced
noise and increased SNR as well as higher di-
agnostic value of reconstructed images at the
same dose compared to FBP in abdominal CT
(1.20+0.40 vs. 1.37+£0.57; P-value<0.05) [25].

In this study, the performance of IRIS com-
bined with ATCM was investigated in terms of
dose reduction and image quality in brain CT
scans for the first time. However, this study
did not include additional image quality pa-
rameters, such as spatial resolution and sharp-
ness. Additionally, the brain CT scans were
performed in sequential mode. Future stud-
ies should be conducted to explore the effects
of spiral scan mode on image quality taking
into consideration the spatial resolution and
sharpness and radiation dose in brain.

Conclusion
The IRIS algorithm can preserve the
image quality when the radiation dose is

significantly reduced by ATCM in brain CT
scans. In contrast, the FBP algorithm com-
bined with ATCM leads to increased image
noise and decreased SNR. Although IRIS does
not directly reduce the dose, image quality at
lower doses is preserved for scans. Based on
the findings of the present study, implementa-
tion of IRIS combined with ATCM is recom-
mended for brain CT examinations.
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