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INTRODUCTION
Recent technological advances have expanded the range of 
the clinical applications of multidetector CT. However, the 
widespread use of CT has raised concerns of the stochastic 
risk of radiation- induced cancer.1–3 Generally, the effec-
tive dose (E) is estimated by multiplying the dose–length 
product (DLP) or CT dose index (CTDI) with standard-
ized conversion factors as calculated using phantom- based 
Monte- Carlo simulation.4,5 However, recent studies have 
suggested that the E/DLP and E/CTDI conversion factors 
for contrast- enhanced CT (CECT) are higher than those 
for non- enhanced CT (NECT) due to the photoelectric 
effect, and the use of a contrast medium (CM) can possibly 
increase the radiation dose by more than previously 
expected.6–11 Such an increase in the radiation dose might 

pose a severe problem for patients with abdominal malig-
nant tumors who require frequent follow- up CECT.12–15

The findings of these previous reports suggest that the 
radiation dose can be reduced by reducing the CM dose. 
The most widely used method for CM dose reduction in 
CT might be low- kVp CT. However, it is uncertain whether 
this technique also decreases the E/DLP conversion factor 
because the photoelectric effect increases in low- kVp 
CT.16 Recently, dual- layer dual- energy CT (DL- DECT) 
was introduced for clinical use.17,18 DL- DECT can create 
virtual monochromatic images (VMIs) at different mono-
chromatic X- ray energies (keV) under normal kVp settings 
(120 or 140 kVp). Previous reports have suggested that 
this system is useful to reduce the CM dose for abdominal 

https:// doi. org/ 10. 1259/ bjro. 20200006

Objectives: To compare the estimated radiation dose of 
50% reduced iodine contrast medium (halfCM) for virtual 
monochromatic images (VMIs) with that of standard CM 
(stdCM) with a 120 kVp imaging protocol for contrast- 
enhanced CT (CECT).
Methods: We enrolled 30 adults with renal dysfunction 
who underwent abdominal CT with halfCM for spec-
tral CT. As controls, 30 matched patients without renal 
dysfunction using stdCM were also enrolled. CT images 
were reconstructed with the VMIs at 55 keV with halfCM 
and 120 kVp images with stdCM and halfCM. The Monte- 
Carlo simulation tool was used to simulate the radiation 
dose. The organ doses were normalized to CTDIvol for 
the liver, pancreas, spleen, and kidneys and measured 
between halfCM and stdCM protocols.
Results: For the arterial phase, the mean organ doses 
normalized to CTDIvol for stdCM and halfCM were 1.22 

and 1.29 for the liver, 1.50 and 1.35 for the spleen, 1.75 and 
1.51 for the pancreas, and 1.89 and 1.53 for the kidneys. As 
compared with non- enhanced CT, the average increase 
in the organ dose was significantly lower for halfCM 
(13.8% ± 14.3 and 26.7% ± 16.7) than for stdCM (31.0% 
± 14.3 and 38.5% ± 14.8) during the hepatic arterial and 
portal venous phases (p < 0.01).
Conclusion: As compared with stdCM with the 120 kVp 
imaging protocol, a 50% reduction in CM with VMIs with 
the 55 keV protocol allowed for a substantial reduction 
of the average organ dose of iodine CM while main-
taining the iodine CT number for CECT.
Advances in knowledge: This study provides that the 
halfCM protocol for abdominal CT with a dual- layer- dual- 
energy CT can significantly reduce the increase in the 
average organ dose for non- enhanced CT as compared 
with the standard CM protocol.
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DL- DECT.19 They concluded that DL- DECT at 40- to 55- keV 
provides equivalent or better image quality and lesion conspi-
cuity for multiphasic- hepatic CT with 50% iodine- load without 
increasing radiation dose compared with standard 120- kVp 
protocol. Therefore, if the CM dose can be decreased for low- 
keV images using normal kVp settings, it is possible to decrease 
the radiation dose compared with that used in the standard CM 
(stdCM) protocol. To the best of our knowledge, this is the first 
study to compare the estimated radiation dose in a protocol 
involving low CM dose with DL- DECT compared with that used 
in the stdCM protocol.

The purpose of this study was to compare the estimated radiation 
dose between 50% reduced CM dose with the VMI protocol and 
stdCM with the 120- kVp protocol using DL- DECT.

Methods and materials
Study population
The protocol of this retrospective study was approved by the 
local institutional review board, which waived the requirement 
for informed consent.

The study cohort included 33 adults with renal dysfunction 
(estimated glomerular filtration rate <45 mL/min/1.73 m2) who 
underwent abdominal CT with 50% reduced iodinated CM 
(halfCM) between December 2016 and June 2017. Among these 
patients, three were excluded from the study because the injec-
tion speed was reduced using a 24 G catheter. The remaining 30 
patients were enrolled in this study. We also identified 341 adults 
who underwent CT with the stdCM protocol between April 
2016 and June 2017. To reduce the potential confounding effects 
in this study, propensity score matching was performed using 
body weight, age, and sex of all patients (Figure 1). Finally, 30 
patients for halfCM protocol and 30 patients for stdCM protocol 
were enrolled.20,21 As shown in Table  1, there were no signifi-
cant differences in terms of age, sex, or body weight between the 
groups.

Helical CT
All patients were examined with DL- DECT using the IQon Spec-
tral CT system (Philips Healthcare, Cleveland, OH, USA). Two 
energy X- ray spectra were generated using a conventional single- 
tube voltage beam and dual- layer detectors. The single- tube 

voltage for obtaining VMIs was set at 120 kVp. The scanning 
parameters for all image acquisitions were as follows: detector 
configuration, 64×0.625 mm (detector collimation); gantry rota-
tion time, 0.5 s; and helical pitch (beam pitch), 0.8. Tube current 
modulation with automatic exposure control was set using an 
image quality reference [DoseRight Index (DRI); Philips Health-
care]. DRI was based on the relationship between the reference 
diameter and water equivalent diameter calculated based on 
the cross- sectional attenuation characteristic of patients. In this 
study, NECT and CECT during the hepatic arterial and portal 
venous phases (CECTa and CECTp, respectively) were achieved 
with a DRI of 22 to maintain constant image quality regardless of 
patient attenuation characteristics.

CM injection protocol
Regarding the stdCM protocol, 600 mgI/kg of CM (Omnipaque 
300; Daiichi- Sankyo, Tokyo, Japan or Iomeron 300; Eisai Co., 
Ltd., Tokyo, Japan; or Iopamiron 370; Bayer Healthcare, Osaka, 
Japan) was delivered within 33.0 s followed by 30 ml of saline 
solution. CECTa and CECTp were started at 35 and 80 s after CM 
injection, respectively. We also delivered a 50% reduced iodin-
ated CM dose of 300 mgI/kg in the halfCM protocol within 33.0 s 
followed by 30 ml of saline solution. CECTa and CECTp were 
started at 37 and 80 s after CM injection, respectively. Regarding 
CECTa, the scan start time for the halfCM protocol was 2.0 s later 
than that for the stdCM protocol due to the slower half injection 
rate.

CT image reconstruction
CT images were reconstructed with 120- kVp images using 
stdCM and halfCM protocols on NECT. With respect to CECT, 
CT images were reconstructed with 120- kVp images acquired 
using stdCM and halfCM protocols as well as 55- keV VMIs 
acquired using the halfCM protocol. In our previous study, the 
image noise and contrast- to- noise ratio with 55- keV images 
were close to the values compared with 120- kVp images. All 
images were acquired at a slice thicknesses of 5.0 mm and slice 
interval of 5.0 mm with an abdominal standard kernel (C) in a 
30–35 cm display field of view depending on a patient’s body size. 
In addition, denoizing level 3 (iDose4 level 3; Philips Healthcare) 
was applied to the 120- kVp images and 55- keV VMIs to reduce 
image noise.

CT number based on organs
A board- certified radiologist with 22- year abdominal CT experi-
ence performed all quantitative image analyses of NECT, CTCTa, 

Figure 1. Flowchart of the patient enrollment process in this 
study.

Table 1. Patient characteristics

StdCM HalfCM p value
(n = 30) (n = 30)

Sex (male/female) 13/17 13/17 0.83a

Age (years) 69.5 ± 9.9 69.8 ± 11.5 0.93b

Body weight (kg) 54.0 ± 13.5 54.1 ± 13.2 0.98b

Data are presented as the mean ± standard deviation.
aFisher’s exact test
bStudent’s t- test
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and CECTp images. The CT numbers for the liver, pancreas, 
spleen, and both kidneys of each patient were measured using 
120- kVp and 55- keV images acquired on NECT, CECTa, and 
CECTp, and the mean values were calculated. The region of 
interest (ROI) was positioned in the healthy parenchyma at the 
middle level of each organ to avoid vessels and to delineate the 
region where CM was homogeneously distributed (Figure  2). 
The CT numbers for the liver were measured in the right lobes, 
whereas those of both kidneys were measured at the level of the 
renal hilum. ROIs identical in terms of size, shape, and anatom-
ical position were employed for NECT and the corresponding 
CECT images of the same patient.

Organ dose estimation
The Monte- Carlo simulation tool (ImpactMC; VAMP GmbH, 
Erlangen, Germany) was used to simulate the radiation dose 
delivered to each patient for NECT and CECT. For the X- ray 
spectrum data, shaped filters were used for the Monte- Carlo 
simulation of the actual measurement values of the half- value 
layer of aluminum and the off- center ratio as described previ-
ously.22,23 The tube current modulation from the top- to- bottom 
slice levels of each patient was also included in the Monte- Carlo 
simulation.24 The individual organ doses for the liver, pancreas, 
spleen, and both kidneys for each patient were acquired from the 
values acquired on Monte- Carlo simulation. With the Monte- 
Carlo simulation, air, water, and bone materials were used for 
NECT. Regarding CECT, the Monte- Carlo simulation included 
iodinated CM and its relationship with iodine enhancement in 
images because the iodine volume increased with increasing 
iodine enhancement, and volume fraction was different between 
the 55- keV and 120- kVp images. For organ- dose measurements, 
the same ROIs as used for CT number measurements (size, 
shape, and anatomical position) were employed for NECT and 
CECT images of the same patient. The volume CTDI (CTDIvol) 
was recorded in milligray units for all images, and the measured 
organ doses were normalized to the corresponding CTDIvol at 
the same slice level to correct the difference in dose from the 

original dose. In addition, the increase in the organ dose caused 
by iodinated CM was calculated as follows:

 

% organ dose increase = (organ dose/CTDIvol) CECT
(organ dose/CTDIvol) NECT)/(organ dose/CTDIvol) NECT100(%) 
Statistical analysis
All quantitative images acquired with the stdCM and halfCM 
protocols were compared. Differences in the mean CT numbers 
among the three types of images were determined with Dunnett’s 
test, using the values acquired from the 120- kVp images acquired 
using the stdCM protocol as a control. The Welch’s t- test was 
used to compare the organ dose between the stdCM and halfCM 
protocols. A probability (p) value of <0.05 was considered statis-
tically significant. All statistical analyses were performed with 
R v.3.5.1 (The R project for statistical computing; http://www. 
r- project. org/).

RESULTS
CT numbers for 120-kVp and 55-keV images
Regarding CECTa, the mean CT numbers for the 120- kVp images 
acquired with the stdCM protocol, 55- keV images acquired 
with the halfCM protocol, and 120- kVp images acquired with 
the halfCM protocol were 73 ± 10.2, 72 ± 17.2, and 65 ± 11.0 
Hounsfield unit (HU) for the liver; 103 ± 29.3, 96 ± 23.0, and 
68.0 ± 21.2 HU for the pancreas; 141 ± 26.1, 118 ± 25.0, and 
90 ± 14.7 HU for the spleen; and 139 ± 24.7, 134 ± 42.7, and 79 
± 19.6 HU for the kidneys, respectively. Further, for all organs, 
the mean CT numbers for the 55- keV images acquired with the 
halfCM protocol were significantly higher than those for the 
120- kVp images acquired with the halfCM protocol, but they 
were equivalent to the 120- kVp images acquired with the stdCM 
protocol(Table 2).

Figure  3 shows the increase in the mean CT numbers from 
NECT to CECTa and CECTp. Concerning CECTa (Figure  3a) 
and CECTp (Figure 3b), the increases in the mean CT numbers 
for the 55- keV images acquired with the halfCM protocol were 
equivalent to those for the 120- kVp images acquired with the 
stdCM protocol, except for the spleen by CECTa (p > 0.05).

Figure 2. ROI placement for CT number and organ dose 
measurements in the liver (a), pancreas (b), spleen (c), and 
right and left kidneys (d) on CECT images.

Figure 3. Increase in the mean CT number for 120- kVp images 
acquired using standard CM (StdCM), 55- keV images acquired 
using 50% CM dose (halfCM), and 120- kVp images acquired 
using halfCM from NECT to CECT during hepatic arterial 
phase (a) and portal venous phase (b).

http://www.r-project.org/
http://www.r-project.org/


4 of 7 birpublications.org/bjro 2:20200006

BJR|Open  Sakabe et al

Effect of organ dose between stdCM and halfCM
The mean organ doses for NECT, CECTa, and CECTp are 
presented in Table  3. For CECTa, the halfCM organ dose was 
equivalent to or lower than that for stdCM, and there were signif-
icant differences in the organ dose delivered to the pancreas, 
spleen, and kidneys (pancreas: p < 0.01, 18.9 ± 3.5 vs. 22.0 ± 
3.5 mGy; spleen: p < 0.01, 21.5 ± 4.4 mGy and 26.0 ± 4.3 mGy; 
and kidneys: p < 0.01, 20.4 ± 4.6 mGy and 26.5 ± 4.6 mGy). With 
respect to the kidneys imaged using CECTp, the halfCM organ 
dose was also lower than the stdCM organ dose (p < 0.01, 24.5 ± 
5.8 vs. 32.9 ± 4.7 mGy).

Table  4 shows the percentage of organ dose increase from 
NECT to CECT due to the iodinated CM effect. The organ 
dose increased from NECT to CECTa, and the mean increase 
of stdCM vs halfCM was 26.3±15.0% vs 11.2%±12.9% for the 
pancreas, 46.1±18.6% vs 24.1%±17.6% for the spleen, and 
43.2±17.1% vs 12.4%±18.1% for the kidneys, respectively, (all 
p < 0.01). The percentage increase in the halfCM value was 
lower than that in the stdCM value. With respect to the liver, 
the organ dose increase was 8.5±6.6% with the stdCM protocol 
and 7.6±8.7% with the halfCM protocol without any significant 
difference (p > 0.05). Compared with NECT, the mean increase 
in the organ dose was significantly lower for the halfCM protocol 
(13.8±14.3%) than for the stdCM protocol (31.0±14.3%) in 
CECTa (p < 0.01) (Figure 4a).

Regarding CECTp, the highest mean increase in the organ dose 
for the stdCM protocol was acquired at 79.9±22.2% for the 
kidneys (halfCM: 36.7±21.1%, p < 0.01). The other organ doses 
for stdCM vs halfCM protocols also increased by 20.4±8.6% 
vs 21.7%±14.0% for the liver, 19.9±12.7% vs 14.2%±14.0% for 
the pancreas, and 33.6±15.7% and 34.3±17.8% for the spleen. 
However, there was no significant difference between stdCM 
and halfCM protocols in this regard (p > 0.05). Compared with 
NECT, the mean increase in the organ dose was significantly 
lower for the halfCM protocol (26.7±16.7%) than for the stdCM 
protocol (38.5±14.8%) with CECTp (p < 0.01, Figure  4b). The 
representative CT images and dose distributions for stdCM and 
halfCM protocols are shown in Figure 5.

DISCUSSION
In this study, we compared the estimated radiation dose between 
50% reduced CM dose with the VMI protocol and stdCM with 
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Figure 4. Increase in the mean organ dose for NECT to CECT 
during hepatic arterial phase (a) and portal venous phase (b) 
due to the iodinated CM effect.
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the 120- kVp protocol using DL- DECT. For CECTa and CECTp, 
the halfCM organ dose was equivalent to or lower than that for 
stdCM. Besides, compared with NECT, the increase in the organ 
dose was significantly lower for the halfCM protocol than for the 
stdCM protocol in CECTa and CECTp. The rate of radiation dose 
reduction widely varied among the studied organs. The results of 
the present study suggested that the halfCM protocol for abdom-
inal DL- DECT can significantly reduce the increase in the mean 
organ dose for NECT compared with the stdCM protocol.

To the best of our knowledge, this is the first report to evaluate 
whether a CM dose reduction in CT can also decrease the radia-
tion dose. Previous reports have suggested that the increase in the 
CT number by CM is mainly caused by the photoelectric effect, 
which can also increase the radiation dose.6–11 Concerning CECT, 
previous reports have suggested that the organ dose increased 
by the use of iodinated CM because of its high atomic number. 
A high concentration of CM not only proportionally increases 
the effective atomic number of objects and results in a high CT 
number but also increases the ionizing radiation, which results 
in an increase in the organ dose. Because the CM dose reduction 
protocol decreases the concentration of CM in organs, it can also 
possibly decrease absorption via the photoelectric effect. These 
results suggest that CM dose reduction in abdominal CT also 
reduced the increase in the mean organ dose in NECT.

Another important finding of this study is that the radiation 
dose reduction by the halfCM protocol widely varied among the 
studied organs. The radiation dose reduction rate was high in 
the kidneys, but it was extremely low in the pancreas and liver. 
The iodine concentration in the kidneys is generally higher than 
that in the pancreas and liver. Therefore, it is reasonable that 
the CM dose reduction might be effective to reduce the radia-
tion dose, particularly in the kidneys. However, the organ doses 
of the pancreas and liver were nearly not reduced by CM dose 
reduction. Although we cannot explain the detailed mecha-
nisms underlying this phenomenon, the iodine concentration 
and anatomical sites of the organs may be responsible for these 
results. The iodine concentration in the liver was relatively low, 
which might result in a reduction in the CM dose compared with Ta
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Figure 5. CT images and dose distributions acquired for the 
standard CM and 50% CM dose protocols during hepatic arte-
rial and portal venous phases. A 74- year- old female (body 
weight, 44.0 kg) received standard CM for the hepatic arterial 
phase (a,c) and the portal venous phase (b,d). A 73- year- old 
female (body weight, 44.0 kg) received 50% CM dose for the 
hepatic arterial phase (e,g) and portal venous phase (f, h). The 
CT images acquired at 120 kVp (a,b) and VMI acquired at 55 
keV (e,f).
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those in the kidneys and pancreas. On the other hand, the iodine 
concentration in the pancreas was relatively high compared with 
that in the liver. However, the halfCM protocol did not reduce the 
radiation dose related to the pancreas in this study. We believe 
that the long distance from the skin to pancreas resulted in this 
phenomenon. The halfCM protocol decreased X- ray absorption 
from the skin to pancreas and increased X- ray transmission 
to the pancreas. Therefore, we believe that the increased X- ray 
transmission compensates for the decreased photoelectric effect 
in the pancreas by the halfCM protocol.

It is uncertain whether the halfCM protocol always decreases 
the radiation dose. DL- DECT separates the X- ray beam into 
high- and low- energy datasets with the use of a single X- ray tube 
(120 or 140 kVp) and dual- layer detector. Therefore, we can use 
highly iodinated CM of a lower keV setting without the need for 
a change in the X- ray tube setting to reduce the CM dose in this 
study. On the other hand, other DECT systems use high- and 
low- tube voltage scans to obtain two energy datasets. However, 
further studies are needed to determine whether the iodinated 
CM reduction protocol with low- tube voltage or other DECT 
systems can also decrease the radiation dose because a low- kVp 
CT also increases the photoelectric effect.

Unlike the other organs, the increase in the mean CT numbers 
from NECT to CECTa for the liver at photon energy of 120 kVp 
with the halfCM protocol was almost equivalent to that at 120 
kVp with the stdCM protocol (11 vs 17 HU, respectively) because 
the hepatic arterial phase is the optimal scan timing for the 
detection of hepatocellular carcinoma and normal CM enhance-
ment for normal liver parenchyma is acquired during the portal 
venous phase.

There were some limitations to this study. First, the center posi-
tion of the liver was used for measurements. Measurement of the 
radiation doses inside or outside of the liver portions might have 
a different effect on radiation dose reduction. Next, we compared 
the effect of the organ dose between stdCM and halfCM to obtain 
the same CT numbers of the organs. Furthermore, settings with 
a lower keV might contribute to reductions in CM and organ 
doses. Finally, the number of patients was relatively small. Thus, 
further large- scale studies will be needed to validate our results.

CONCLUSION
Compared with stdCM with the 120- kVp imaging protocol, 50% 
reduced CM with VMI with the 55- keV protocol allowed for a 
substantial reduction in the increase in the mean organ dose of 
iodinated CM while maintaining the iodinated CT number for 
CECT.

Table 4. Increase in the organ dose of NECT to CECT due to the iodine CM effect

Organ

Percentage of organ dose increase (%)

CECTa CECTp

StdCM HalfCM StdCM HalfCM
Liver 8.5 ±  6.6  7.6 ±  8.7 20.4 ±  8.6 21.7 ± 14.0

Pancreas 26.3 ± 15.0 11.2** ± 12.9 19.9 ± 12.7 14.2 ± 14.0

Spleen 46.1 ± 18.6 24.1** ± 17.6 33.6 ± 15.7 34.3 ± 17.8

Kidneys 43.2 ± 17.1 12.4** ± 18.1 79.9 ± 22.2 36.7** ± 21.1

Average 31.0 ± 14.3 13.8** ± 14.3 38.5 ± 14.8 26.7** ± 16.7

p- value: **<0.01(Welch’s t- test)
NECT: non- enhanced CT
CECTa: contrast- enhanced CT during the hepatic arterial phase
CECTp: contrast- enhanced CT during the portal venous phase
StdCM: standard contrast medium protocol
HalfCM: half contrast medium protocol
Data are presented as the mean ± standard deviation.
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