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Introduction

In recent years, many studies considering the respiratory 

motion during radiation treatment has been published.1-3) 

Since the normal breathing can cause the motion artifact 

when scanning the simulation CT and patients are hard to 

maintain a stable breath-hold, the most effective method is 

to generate the CT volume images for the entire respiratory 

cycle of free-breathing. The most common method is 

referred to as 4-dimensional CT (4D CT) that is correlated 

to the respiratory signal acquiring by the external surrogate 

such as Varian Real-time Position ManagementTM (RPM) 

system (Varian Medical Systems Inc, Palo Alto, CA, USA) 

or Philips Bellows belt system (Philips Medical Systems, 

Cleveland, OH, USA). The 4D CT is based on a very slow 

scanning and retrospectively the acquired data is binned 

for each phase. Due to this acquisition process of 4D CT, 

the use of higher CT imaging dose or CT dose is necessary 

than the conventional CT.4-7)

To adhere to ALARA (as low as reasonably achievable) 

principle in CT imaging, several novel reconstruction 

algorithms have been introduced in order to reduce the dose 

from CT scanning and to improve the image quality.8-10) As 

one of them, Philips provides a 4th gene ration iterative 

reconstruction algorithm, iDose (Philips Medical Systems, 

Cleveland, OH, USA).11-13) Although the image contrast 

increment by using the retrospective reconstruction 

algorithm is beneficial for a diagnostic CT, the verification 
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 We investigated  the effect of a commercial iterative reconstruction technique (iDose, Philips) on 
the image quality and the dose calculation for the treatment plan. Using the electron density 
phantom, the 3D CT images with five different protocols (50, 100, 200, 350 and 400 mAs) were 
obtained. Additionally, the acquired data was reconstructed using the iDose with level 5. A lung 
phantom was used to acquire the 4D CT with the default protocol as a reference and the low dose 
(one third of the default protocol) 4D CT using the iDose for the spine and lung plans. When 
applying the iDose at the same mAs, the mean HU value was changed up to 85 HU. Although the 
1 SD was increased with reducing the CT dose, it was decreased up to 4 HU due to the use of 
iDose. When using the low dose 4D CT with iDose, the dose change relative to the reference was 
less than 0.5% for the target and OARs in the spine plan. It was also less than 1.1% in the lung 
plan.  Therefore, our results suggests that this dose reduction technique is applicable to the 4D CT 
image acquisition for the radiation treatment planning.
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of the HU changes is required to use for the dose calcula-

tion in treatment planning using the correlation table of 

HU to material density.

The 4D CT has been commonly used for the radiation 

treatment planning. Thus, the purpose of this study is to 

quantify the image quality change due to the low dose 4D 

CT scanning with the commercial iterative reconstruction 

algorithm using a phantom. The effect on the dose 

distribution was also evaluated.

Materials and Methods

The CIRS   electron density phantom (Computerized 

Imaging Reference Systems, Inc., Norfolk, VA, USA) with 

various density materials (e.g., lung 0.2 g/cc, lung 0.5 g/

cc, adipose 0.96 g/cc, breast 0.99 g/cc, muscle 1.06 g/cc, 

liver 1.07 g/cc, bone 1.16 g/cc, and bone core 1.53 g/cc) 

and the CIRS Xsight® lung tracking phantom were used. All 

CT images for this study was acquired by Philips Brilliance 

Big Bore CT scanner (Philips Medical Systems, Cleveland, 

OH, USA). The scanner default protocol provided by 

a manufacturer is the use of 120 kVp and 350 mAs. To 

compare the HU values depending on the CT imaging 

dose,  five different protocols (50 mAs, 100 mAs, 200 mAs, 

350 mAs and 400 mAs) was applied in order to acquire the 

CT images of the electron density phantom. After that, the 

iDose with level 5 was applied to the acquired data. 

To perform the treatment planning for lung and spine 

target, the CT images of the lung phantom were acquired 

using the default 4D CT scan protocol (600 mAs) without 

applying iDose and the low dose protocol (200 mAs) with 

applying iDose with level 5. The iDose algorithm was 

applied retrospectively after CT scanning. 

For the spine and lung planning, the Pinnacle v9.6 

treatment planning system (Philips Healthcare, Fitchburg, 

WI, USA) and the 6 MV photon beam were used. The 

2-dimensional (2D) parallel-opposite anterior-posterior 

(AP-PA) plan and the volumetric modulated arc therapy 

(VMAT) plan were performed for the spine target. The 

3-dimensional conformal radiotherapy (3D-CRT) plan and 

VMAT plan were also performed for the lung target. The 

prescription dose was 30 Gy in 10 fractions for the spine 

plans and 60 Gy in 30 fractions for the lung plans.

The maximum, minimum, mean and 1 standard 

deviation (1 SD) of HU were evaluated and the HU changes 

on the CT images after applying iDose were calculated. To 

delineate the region of interests inside the various density 

materials and to calculate that HUs, the MIM software 

(MIM Software Inc., Cleveland, OH, USA) was used.

Results

Overall, as the tube current-time product (mAs) increased, 

the maximum HU was increased and the minimum HU was 

decreased. As shown in Fig. 1, the mean HU was changed due 

to the CT dose reduction and the use of iDose. The amount of 

the change had a range from -21 HU to 87 HU. When using 

the same current (mAs), the mean change had a range 

from -20 HU to 85HU. The HU had no change (0 HU) in the 

muscle 1.06 g/cc, but it had a maximum change (85 HU) in 

the bone core 1.53 g/cc. In the lowest density material (lung 

0.2 g/cc), it showed 19 HU change on average. 

Fig. 2 shows that as the CT dose decreases, the 1 SD 

increased by up to 20 HU but it significantly decreased by 
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Fig. 1. Mean change in HU depending on the CT scan parameter for 
different density materials relative to the default scan parameter.
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up to 4 HU due to the use of iDose (p-value <0.001).

Two 4D CT images of the lung phantom were acquired 

using the default scan parameter (600 mAs) without iDose 

and the low dose scan parameter (200 mAs) with iDose 

(Fig. 3). The dose-volume histograms (DVHs) are shown 

in Fig. 4, 5, 6 and 7. Table 1 shows the dose-volumetric 

parameters from DVHs for PTV and OARs. For the spine 

2D and VMAT plan, the maximum dose differences relative 

to the prescription dose were less than 0.5%. For the lung 

3D conformal and VMAT plan, they were less than 1.1%.

Discussion

The CT radiation dose depends on the tube current 

(mA) and slice scan time and it is proportioned to the   tube 

current-time product (mAs). In the result of this study, 

the 1 SD referred to as the image noise was increased with 

decreasing the CT dose. However,  the use of a commercial 

iterative reconstruction algorithm, iDose, changed the 

HU values. From decreasing the 1 SD, the image noise 

was improved. This result is similar as the literatures.11-14) 

Although the HU was increased in the high density material 

like bone, the dose change in the plans for the spine target 

was less than 0.5%. For the lung plans considering the low 

density around the target (known as a heterogeneity), the 

change due to the iDose was less than 1.1%. The above 

results demonstrate that by using the iDose the clinically 

acceptable quality 4D CT images could be obtained even 

if the CT dose is reduced to one third. Future studies using 

the patient 4D CT images would be helpful to investigate 

the optimal tube current-time product that might be 

changed depending on the CT scanning area of the body.
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Fig. 2. 1 Standard deviation change in HU depending on the 
CT scan parameter for different density materials relative to the 
default scan parameter.

Fig. 3. 4D CT images of the lung phantom acquired using the default scan parameter (600 mAs) without iDose (left) and the low dose scan 
parameter (200 mAs) with iDose (right).
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Although the iDose has a level from 1 to 7, the level 5 

of the iDose was used in this study. As the iDose level 

increases, the strength of noise decreases independent of 

the CT dose. However, the noise is increased associated 

with a dose reduction. The net change in noise is 

determined from a combination of the dose reduction and 

the iDose level. For that reason, in this study, the one third 

dose reduction and iDose level of 5 was selected by using 

the relevant multiplication factor table for the estimation 

of the net change in noise.  Since the image quality related 

to the noise strength depends on the iDose level, a detailed 

investigation for the different iDose level would be 

necessary if the dose is reduced differently comparing to 

this study ( one third of the default protocol).

In this study, a single CT-to-density table was used for 

dose calculation on both images with and without iDose. 

For example, like pediatric patients, some cases should 

use the low energy X-ray. In fact, since the attenuation 

coefficient is dependent on the X-ray energy and the 

material density, the HU is significantly changed as shown 

in Fig. 6. The effect of the use of iDose could be different 

depending on the X-ray energy. In this study, as a simple 

test, the 90 kVp CT was compared to the default protocol 

120 kVp CT. Fig. 6 shows that the mean and 1 SD change in 

HU due to the use of iDose were increased with decreasing 

the energy from 120 kVp to 90 kVp. Compared to the default 

protocol, the HU was changed up to 347 HU depending on 

the kVp and mAs. It was also changed up to 109 HU due to 
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the use of iDose. Thus, when a single CT-to-density table is 

applied to the dose calculation for the different energy CT 

scan, the calculated dose can be inaccurate more than the 

result of this study. After applying the CT-to-density table 

depending on the X-ray energy, the optimal tube current-

time product when using the iDose should be determined.
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Fig. 6. Mean and 1 standard deviation changes in HU when using the x-ray energy of 90 kVp.

Table 1. Dose-volumetric parameters of target (PTV) and normal tissues (left and right lung, spinal cord) for spine and lung plan.

Spine Lung

2D (AP-PA) VMAT 3D CRT VMAT

Default iDose Default iDose Default iDose Default iDose

PTV

   D95% (Gy) 30.1 30.0 29.9 29.8 60.3 60.0 60.2 59.6

   D5% (Gy) 31.0 30.9 32.1 32.0 64.4 64.2 65.1 64.5

   Minimum (Gy) 29.9 29.8 24.2 24.2 58.2 57.6 58.3 57.7

   Maximum (Gy) 31.3 31.2 32.9 32.8 64.7 64.5 65.7 65.1

   Mean (Gy) 30.5 30.4 31.3 31.2 62.6 62.3 63.2 62.6

Left lung

   V20Gy (%) 0.0 0.0 0.0 0.0 10.6 10.6 9.3 9.2

   Mean (Gy) 0.3 0.3 0.9 0.9 6.5 6.5 6.0 6.0

Right lung

   V20Gy (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Mean (Gy) 0.3 0.3 0.9 0.9 0.9 0.9 1.3 1.3

Spinal cord

   V13.5Gy (%) 27.8 27.8 8.8 8.8 0.2 0.2 0.0 0.0

   Maximum (Gy) 31.6 31.5 28.6 28.5 13.7 13.7 9.5 9.5
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Conclusion

In this study, the HU change and the  dosimetric change 

on the 4D CT due to the use of the commercial iterative 

reconstruction algorithm (iDose) were analyzed.  Although, 

in general, the 4D CT needs the radiation exposure much 

more than 3D CT,  the iDose could reduce the imaging dose 

less than the conventional 3D CT dose with the default 

protocol, preserving the image quality.   The effect of HU 

change due to the use of the iDose for the low dose 4D CT 

on the dose calculation was clinically acceptable.
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