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Abstract

Introduction: This study aims to investigate the reduction of radiation dose in
cerebral computed tomography (CT) perfusion by lower low-tube current.
Material and methods: Two hundred patients, who underwent cerebral non-con-
trast CT and CT perfusion, were randomized to four groups according to tube
current and contrast media (CM) concentration: group A (60 mAs, 320 mg |/ml),
group B (60 mAs, 370 mg I/ml), group C (100 mAs, 320 mg I/ml), and group D
(100 mAs, 370 mg I/ml). Among these four groups, the CT dose index (CTDIvol),
dose length product (DLP) and effective dose (ED) were calculated. The quan-
titative image comparison included maximum enhancement, noise, signal-to-
noise ratio (SNR), cerebral blood volume (CBV), cerebral blood flow (CBF), and
mean transit time (MTT) from five regions of interests (ROIs).

Results: Ranging from 100 mAs to 60 mAs, groups A and B achieved 40%
lower CTDIvol, DLP and ED, compared with groups C and D. Both the maxi-
mum enhancement and noise of all ROIs were higher in groups A and B than
in groups C and D (p < 0.05). The CBV values were higher in groups B and D
than in groups A and C (p < 0.05). The image quality (1Q) of each group of
perfusion maps met the requirements for imaging diagnosis.

Conclusions: The reduction in tube current from 100 mAs to 60 mAs for
cerebral CT perfusion led to a 40% reduction in radiation dose without sac-
rificing image quality.

Key words: CT perfusion, low-tube current, radiation dose, image quality,
jodine delivery rate.

Introduction

Cerebral computed tomography perfusion (CTP) is a widely used and
highly accurate imaging method for detecting ischemic lesions in acute
stroke, CTP can distinguish the infarct core from penumbra brain tissues,
and aid in the decision to use thrombolytic therapy [1-3]. However, the
high radiation dose (RD) accompanying CTP remains a major concern for
this technique [4]. Reducing the risk of radiation exposure has always
been the goal of imaging studies. In modern computed tomography (CT),
low tube voltage scanning has been commonly used as a strategy for
dose reduction. lodine attenuation is higher at low kilovolt peak (kVp).
Therefore, the signal-to-noise ratio (SNR) can be kept constant with re-
duced radiation exposure. The greatest potential of a low kVp for reduc-
ing exposure is mainly limited to high iodine-enhancing examinations,
such as CT angiography or arterial phase imaging [5].
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An alternative approach for reducing the RD in
CT is to reduce the tube current, since this cur-
rent is linear with RD. However, as the tube cur-
rent decreases, the image noise would inevitably
increase, potentially jeopardizing the correct di-
agnosis. Therefore, it is important to determine
whether the increased signal from the higher at-
tenuation of iodine under lower tube current con-
ditions could compensate for the increased noise
in low-dose CTP scans, and thereby maintain im-
age quality (1Q).

At present, iodinated contrast media (CM) at
different concentrations are commercially avail-
able for daily CT vascular examinations. The clini-
cal goal of CM administration and CT scan timing
is to achieve a diagnostically adequate contrast
enhancement in a target organ at the lowest ra-
diation exposure (the shortest scan duration) and
injected iodine mass (iodine load) acceptable for
a given patient’s cardiovascular and renal func-
tion [6]. Previous studies have demonstrated that
arterial enhancement is directly affected by the
iodine delivery rate (IDR). Even with modern CT
and the assistance of iterative reconstruction, in-
creasing the IDR favors higher quality images [7].

Therefore, the present study was conducted to
investigate the feasibility of maintaining the im-
age quality of CTP and further reducing the RD by
lower mAs in an already low kVp setting, using dif-
ferent concentrations of CM, and a fixed IDR and
iodine load.

Material and methods

The prospective study was approved by the eth-
ics committee of a local institutional review board.
Informed consent was obtained from all patients.

Study population

A total of 200 consecutive patients, who un-
derwent non-contrast CT and CTP between June
2016 and September 2017, were prospectively
enrolled. Inclusion criteria: (1) patients suspect-
ed with acute ischemic stroke (AIS) and referred
for non-contrast CT and CTP; (2) patients who
were at least 18 years old. Exclusion criteria: (1)
patients with non-contrast CT showing cerebral
hemorrhage; (2) patients who suffered from a dis-
ease and cannot undergo a contrast-enhanced CT
examination (such as thyrotoxicosis, severe renal
insufficiency, allergies or severe congestive heart
failure [lll, IV], etc.); (3) patients with insufficient
peripheral vein conditions that do not allow for
the injection of a CM at the protocol flow rate;
(4) patients with a body mass index (BMI) great-
er than 28 [8, 9]; (5) patients with a CTP showing
cerebral ischemia or infarction occurring in the
bilateral cerebral hemispheres; (6) patients with

a disease that significantly affects the cerebral
blood flow pattern (such as aneurysms, arteriove-
nous malformations, dural arteriovenous fistulas,
etc.); (7) patients with significant motion artifacts
during the CTP scan, resulting in the inability to
perform an image analysis.

CTP acquisition and dataset reconstruction

All examinations were performed on a 256-slice
multi-detector CT scanner (Philips Brilliance iCT;
Philips Healthcare, Cleveland, OH, USA). The CTP
protocol was as follows: FOV, 20 cm; matrix, 512
x 512; scan range, 8 cm from the sella floor to the
high vertex. The CTP scan was initiated at five sec-
onds after the CM bolus, and a total of 40 scans
were acquired with a fixed temporal resolution of
1.5 seconds in both the arterial and venous phases,
resulting in an overall scan duration of 60 seconds.

Patients were randomly assigned to four groups,
according to different tube currents and CMs with
different iodine concentrations. There were 50 pa-
tients in each group. In groups A and B, the CTP
scan was performed with a low tube current of
60 mAs to reduce the RD. Patients in groups C and
D were scanned with a conventional tube current
of 100 mAs. loversol of 320 mg I/ml (Hengrui Phar-
maceuticals, Jiangsu, China) was used for groups
A and C, while iopamidol of 370 mg I/ml (Bracco-
sine pharmaceuticals, Shanghai, China) was used
for groups B and D. The CM was injected through
the right cubital vein with the same IDR, total io-
dine load and injection time for each group, fol-
lowed by a 30-ml saline flush at the same flow rate
used for the CM injection. The grouping method
and injection parameters are listed in Table I.

Image post-processing

The CTP source images were automatically re-
constructed into a 5-mm thick CTP source image us-
ing iterative reconstruction technology. The iDose4
level 3 was chosen for all groups to reduce the im-
age noise and compensate for the decreased SNR
of the reconstructed image due to the RD reduc-
tion. Then, the source images were post-processed
using the Philips workstation’s Brain perfusion
software, employing a deconvolution algorithm to
obtain perfusion parameter maps of the cerebral
blood volume (CBV), cerebral blood flow (CBF), and
mean transit time (MTT). The software automati-
cally selects the arterial input function from the an-
terior cerebral artery and selects the venous output
function in the superior sagittal sinus.

Measurement of radiation exposure

The volume CT dose index (CTDIvol, unit mGy)
and dose length product (DLR unit mGy - cm) were
extracted from the individual patient protocol re-

Arch Med Sci



Effectiveness of low-tube current for reducing radiation dose in cerebral CT perfusion

Table I. Patient demographic data and dose parameters for CTP in the four groups

Parameter Group A Group B Group C Group D P-value
n=50 n =50 n=>50 n =50
Age [years] 63.06 £7.80 61.44 £5.94 63.70 £7.69 62.70 £7.44 0.463
Sex (male/female) 35/15 31/19 34/16 32/18 0.828
BMI [kg/m?] 24.29 £1.82 24.26 £1.98 24.43 £1.95 24.85 +1.49 0.347
Cerebral CTP
Tube voltage [kVp] 80 80 80 80 -
Tube current [mAs] 60 60 100 100 -
Radiation dose
CTDlIvol [mGy] 96 96 160 160 -
DLP [mGy - cm] 768 768 1280 1280 -
Effective dose [mSv] 1.77 1.77 2.94 2.94 -
Contrast medium injection
CM concentration [mg I/ml] 320 370 320 370 -
CM volume [ml] 50 43 50 43 -
Flow rate [ml/s] 5.0 4.3 5.0 4.3 -
DR [g I/s] 1.6 1.59 1.6 1.59 -
Total iodine load [g] 16 15.9 16 15.9 -
Injection time [s] 10 10 10 10 -

BMI - body mass index, CTDIvol — CT dose index, DLP — dose length product, CM — contrast media.

cord. The effective dose (ED, unit millisieverts)
was estimated by multiplying DLP by a region-
specific conversion coefficient of 0.0023 mSv/
(mGy - cm) [10].

Quantitative image analysis

In order to analyze the IQ of the CTP source
images, SNRs from five regions of interest (ROIs),
which were selected at the basal ganglia level
placed at the non-ischemic hemisphere of the
temporal maximum intensity projection (tMIP),
were calculated. The SNR was calculated using the
following equation: SNR = mean of the maximum
enhancement/noise (standard deviation). These
five ROIs were in the frontal white matter, head of
the caudate nucleus, lentiform nucleus, thalamus,
and occipital white matter. The tMIP was derived
from the CTP source images, which displays the
maximum tissue enhancement in Hounsfield units
for each pixel based on the time-attenuation curve
(TAC). The mean of the maximum enhancement
and noise from all pixels were measured within
each ROI. The mean of each perfusion parameter
was measured for the CBV, CBF and MTT maps,
respectively, and the five ROIs were consistent
with the tMIP. The methods used to achieve the
quantitative parameters are presented in Figure 1.

Qualitative image analysis

The qualitative perfusion image analysis was
independently performed by two radiologists with

12 and 5 years of experience in neurovascular im-
aging. The overall diagnostic image quality for the
perfusion maps were rated using a 5-point scale
for each patient (1 — unacceptable/non-diagnostic;
2 — poor, diagnostic confidence significantly re-
duced; 3 — moderate, but sufficient for diagnosis;
4 — good; 5 — excellent) [11]. Before the start of the
assessment, the readers were instructed on the cri-
teria for image grading, and together, they assessed
10 test cases that were not included in the study.

Statistical analysis

The software program SPSS 17.0 (SPSS Inc.,
Chicago, USA) was used to conduct the statistical
analysis. Continuous variables were expressed as
mean + standard deviation (SD). Discontinuous
variables were expressed as percentages (%). For
multiple comparisons, each value was compared
by one-way ANOVA after Dunnett’s test, with each
dataset conforming to the normal distribution,
while non-normally distributed continuous data
were compared using non-parametric tests. The
counting data were tested by the 2 test. The com-
parison of age, body mass index and various RD
parameters was analyzed by one-way ANOVA. The
analysis of variance of factorial design was used
to evaluate the statistical differences between
the main effects of RD and CM iodine concentra-
tions, and the interaction of these two factors for
the mean of maximum enhancement, noise, SNR,
and each perfusion parameter (CBV, CBF and MTT)
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Figure 1. Five ROIs in the non-ischemic hemisphere at the basal ganglia level of the tMIP were selected in the
frontal white matter (ROI 1), the head of the caudate nucleus (ROI 2), the lent form nucleus (ROI 3), the thalamus
(ROI 4), and the occipital white matter (ROI 5). The mean of the maximum enhancement and standard deviation
(A) were measured within the ROI. The five ROIs were applied to the perfusion parameter maps at the same level,
and the mean CBV (B), CBF (C) and MTT (D) were measured

among the four groups. The Kruskal-Wallis test
was used to compare the statistical differences
between the qualitative assessment results in
each group, and kappa analysis was used to evalu-
ate the consistency between the two radiologists.
Ak value higher than 0.75 was regarded as consis-
tent, a value within 0.40-0.75 was regarded as fair,
and a value of < 0.40 was regarded as poor. Value
of p < 0.05 was considered statistically significant.

Results
Patient demographics

A total of 290 patients underwent non-contrast
CT and CTP for eligibility in the trial. Among these
patients, 90 patients were excluded, while the re-
maining 200 patients (132 males and 68 females;
age range: 49-81 years old, mean age: 62.5 years

old) were included in the final analysis. The eligi-
bility of these patients is summarized in Figure 2.
The detailed characteristics of the patient popu-
lation are presented in Table I. There was no sig-
nificant difference in age, gender and body mass
index among the four groups (p > 0.05).

Radiation dose

The RDs represented by CTDIvol, DLP and ED in
groups A and B were 40% lower than in groups C
and D (96 mGy, 768 mGy/cm and 1.77 mSv vs.
160 mGy, 1,280 mGy/cm and 2.94 mSv). The dose
parameters are summarized in Table I.

Quantitative image analysis

There was no significant difference in SNR
among all groups. The main effects of the RD and
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290 patients were assessed for eligibility

« 2 thyrotoxicosis

« 7 allergies

y

/

* 20 BMI > 28

44 were excluded
« 3 renal insufficiencies
¢ 1 severe congestive heart failure

« 5 cerebral hemorrhages on non-contrast CT
« 6 insufficient peripheral vein conditions

246 patients underwent randomization

Y

Y

Y

Y

61 were examined by
60 mAs tube current and
320 mg I/ml CM
11 were excluded

9 cerebral ischemia
or infarction occurred
in bilateral cerebral
hemispheres

* 1 accompanied by
aneurysm

60 were examined by
60 mAs tube current and
370 mg I/ml CM
10 were excluded

« 7 cerebral ischemia
or infarction occurred
in bilateral cerebral
hemispheres

3 obvious motion
artifacts

1 obvious motion
artifacts

62 were examined by
100 mAs tube current
and 320 mg I/ml CM
12 were excluded

* 10 cerebral ischemia
or infarction occurred
in bilateral cerebral
hemispheres

¢ 1 accompanied by arte-
riovenous malformations

63 were examined by
100 mAs tube current
and 370 mg I/ml CM
13 were excluded

* 12 cerebral ischemia
or infarction occurred
in bilateral cerebral
hemispheres

* 1 accompanied by
aneurysm

1 obvious motion
artifacts

Y Y

Y Y

50 were included
in group B

50 were included
in group A

50 were included
in group D

50 were included
in group C

Figure 2. Trial screening and randomization

CM iodine concentrations and the interactions
were not statistically significant, in terms of the
differences in SNR values in all ROIs for each
group. The maximum enhancement of all ROIs
on the tMIP images in groups A and B were high-
er than those in groups C and D, demonstrating
a significant RD main effect (p < 0.01, for all ROIs).
The image noise of all ROIs was lower in groups A
and B than in groups C and D, demonstrating
a significant RD main effect (p < 0.01, for ROI 1
and ROI 5; p < 0.05, for ROI 2, ROI 3 and ROI 4).
In the frontal white matter only, the maximum
enhancement and noise in groups A and C with
low iodine concentrations of CM were signifi-
cantly higher than those in groups B and D,
demonstrating a significant main effect of CM
jodine concentration (p < 0.05). The interaction
of RD and CM iodine concentrations exhibited
no significant differences, in terms of maximum
enhancement and noise, among all ROIs in the
four groups.

Comparing the perfusion parameters, the CBV
values for all ROIs in groups B and D with high io-
dine concentrations were significantly higher than
those in groups A and C, demonstrating a signifi-

cant effect of CM iodine concentration (p < 0.05).
The CBF values in the caudate nucleus head (ROI 2)
in groups A and B were higher than the values in
groups C and D, showing a significant RD effect
(p < 0.05). No other ROI exhibited such an effect.
Furthermore, the main effects of the RD and CM
iodine concentrations and the interactions were
not statistically significant, in terms of the differ-
ences in MTT values in all ROIs from each group.
The detailed results for maximum enhancement,
SNR, CBV, CBF and MTT for the five ROIs in the four
groups are summarized in Tables [I-V.

Qualitative image analysis

There were no significant differences in the
qualitative image evaluation among the four
groups for any of the perfusion image sets, demon-
strating that the 1Q from each group of perfusion
maps met the requirements for imaging diagnosis.
In terms of the consistency analysis, the k values
for the CBV in groups B and C were fair (0.742
and 0.746, respectively), while for groups A and D,
these values, as well as the CBF and MTT in each
group, were all consistent (x value: 0.753-0.811).
The results of the 1Q assessment undertaken by
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Table 1l. Comparison of maximum enhancement and noise in the four groups

Groups ROI 1 ROI 2 ROI 3 ROI 4 ROI 5
Group A 41.16 £3.74 55.96 +3.25 56.78 +4.00 55.72 +2.90 41.33 +3.28
Group B 40.69 +3.10 55.59 +3.36 58.76 +5.00 55.99 +4.42 42.47 +4.12
Group C 39.24 +2.77 53.10 +3.08 55.06 £3.15 53.00 +3.06 38.67 £2.81
Group D 37.98 +2.54 52.84 +3.15 54.87 +3.14 53.86 +3.38 38.72 +3.13

P-value
Dose x contrast 0.365 0.900 0.051 0.545 0.255
Dose <0.01 <0.01 <0.01 <0.01 <0.01
Contrast < 0.05 0.486 0.105 0.252 0.215

Noise
Group A 4.46 £1.06 5.37 £0.98 5.57 £1.19 5.67 £1.16 4.29 +0.62
Group B 4.12 +0.73 5.48 +1.09 5.74 £1.52 5.72 x1.15 4.45 +1.01
Group C 3.78 £0.91 5.09 £1.24 5.26 £1.21 5.06 £1.14 3.89 £0.96
Group D 3.50 £0.72 5.03 +1.10 5.35+1.00 5.35 +1.08 3.95 +0.95

P-value
Dose x contrast 0.781 0.595 0.830 0.445 0.707
Dose < 0.01 < 0.05 < 0.05 < 0.05 < 0.01
Contrast <0.05 0.871 0.446 0.279 0.386

ROIs — regions of interests.
Table Ill. Comparison of SNR in the four groups

Groups ROI'1 ROI 2 ROI 3 ROI 4 ROI 5
Group A 9.93 £1.51 10.76 £2.00 10.59 £2.01 10.19 £1.97 9.87 +1.14
Group B 10.15 £1.61 10.53 £2.12 10.75 £2.22 10.10 £1.82 9.97 £1.66
Group C 10.56 +2.28 11.02 +£2.52 10.99 £2.43 10.95 £2.23 10.50 +2.44
Group D 10.38 £1.52 10.97 £2.24 10.55 +1.84 10.44 +2.01 10.23 £1.93

P-value
Dose x contrast 0.426 0.772 0.321 0.467 0.468
Dose 0.085 0.276 0.733 0.055 0.089
Contrast 0.926 0.660 0.652 0.299 0.746

SNR - signal-to-noise ratio, ROIs — regions of interests.

the two radiologists for each group are presented
in Figures 3, 4.

Discussion

To the best of our knowledge, the present study
is the first to use a factorial design analysis to ex-
plore the effects of the simultaneous reduction of
tube current and CM iodine concentration on the 1Q
of CTP source images and perfusion maps [12, 13].
Previously, a set of studies have shown that the
IQ of CTP significantly decreased when the tube
current dropped to 50 mAs or lower [14, 15].
Therefore, the lower tube current was reduced to
60 mAs in the present study to ensure an acceptable
image quality. K6nig et al. [16] compared the |Q of
the CTP obtained with an iodine concentration of
300 mg I/ml and 400 mg I/ml, and the same injec-
tion rates between groups. The results revealed that

higher IDRs resulted in significantly higher maximum
enhancement, and a higher iodine concentration
was beneficial for increasing the contrast between
the gray and white matter in the perfusion images.
However, when the same IDR and total iodine load
were fixed among the groups, the contrast enhance-
ment of different concentrations of CM tended to
be consistent in the angiographies [17, 18], while
evidence showing such effects on the perfusion im-
aging datasets is rare. In the present study, two CMs
with different iodine concentrations (320 mg I/mlvs.
370 mg I/ml) were selected to determine the po-
tential effects of CM concentrations on CTPs with
a constant IDR and under low-tube current scan-
ning. These results revealed that higher concen-
trations led to higher CBV values in the perfusion
maps.

In the present study, both maximum enhance-
ment and noise increased in the tMIP image in
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Table IV. Comparison of CBV and CBF in the four groups

Groups ROI'1 ROI 2 ROI 3 ROI 4 ROI 5
CBV
Group A 1.79 +0.44 3.72 £0.71 3.94 +0.88 3.93 +0.82 1.86 +0.38
Group B 2.00 +0.44 3.80 £0.47 4.40 £0.90 4.20 +0.77 1.90 £0.35
Group C 1.92 +0.44 3.53 +0.61 4.28 £0.85 4.08 £0.76 1.68 +0.30
Group D 1.96 +0.40 3.84 £0.59 4.38 +0.75 4.28 +0.76 1.92 +0.42
P-value
Dose x contrast 0.153 0.180 0.134 0.799 0.056
Dose 0.412 0.391 0.178 0.305 0.138
Contrast < 0.05 < 0.05 < 0.05 < 0.05 < 0.01
CBF
Group A 18.89 £5.1 52.29 +14.62 51.52 +16.08 45.47 £10.50 17.27 £4.92
Group B 19.58 +3.91 52.43 £11.36 56.78 £12.16 49.70 +9.81 18.36 +3.65
Group C 19.06 £3.15 49.61 £9.08 55.43 +14.50 48.05 £10.42 16.63 £3.53
Group D 18.57 +4.15 48.30 £9.58 53.31 +11.64 47.84 £10.96 16.82 £3.57
P-value
Dose x contrast 0.312 0.652 0.059 0.134 0.418
Dose 0.472 < 0.05 0.910 0.807 0.053
Contrast 0.862 0.715 0.420 0.174 0.254
CBV — cerebral blood volume, CBF — cerebral blood flow, ROIs — regions of interests.
Table V. Comparison of MTT in the four groups
Groups ROI' 1 ROI 2 ROI 3 ROI 4 ROI 5
Group A 7.24 +1.88 4.66 +0.73 4.81 +0.89 5.57 £1.00 8.08 +2.40
Group B 6.95 £1.23 4.87 +0.83 4.81 +0.75 5.33 £0.79 7.62 £1.21
Group C 6.57 £1.37 4.67 £0.72 4.91 +0.88 5.33 +0.86 7.50 £1.11
Group D 6.86 +1.19 4.92 £1.05 5.09 +0.86 5.51+1.28 7.63 £1.31
P-value
Dose x contrast 0.151 0.904 0.436 0.137 0.194
Dose 0.064 0.810 0.112 0.840 0.204
Contrast 0.988 0.056 0.439 0.835 0.477

MTT — mean transit time, ROIs — regions of interests.

groups A and B, and these exhibited a significant
RD main effect, while the SNR was not significant-
ly affected by the changes in RD. Previous studies
have also revealed that a decrease in the X-ray
penetration ability caused by reduced RD can sig-
nificantly increase the maximum enhancement in
the CTP source image [14, 15, 19, 20]. The reason
for the increase in maximum enhancement in
these cases was that the tube current was lower,
while it remains unclear whether the other con-
ditions were constant. The most likely cause is
that when the tube current dropped to a certain
extent, the Philips scanner automatically adjusted
the kV spectrum to ensure that the 1Q of the orig-
inal image would be acceptable.

Since the present study used a constant IDR
when injecting the CM, theoretically, the contrast
concentration in brain tissues should not be sig-

nificantly different. Therefore, the difference in CM
iodine concentration has no significant main ef-
fect on the tMIP images. In the present study, the
SNR was not significantly affected by the changes
in RD, indicating that the decrease in RD causes an
increase in image noise, and increases the max-
imum enhancement. Therefore, the SNR is kept
relatively stable. This also confirms the feasibility
of further reducing RD, while maintaining a diag-
nostically acceptable image quality.

It is noteworthy that based on the findings
from the perfusion parameters, although the IDR
was adjusted to be the same, a higher CM con-
centration led to a significantly higher CBV value.
However, there was no significant difference in
the results for CBF and MTT. This may be due to
the fact that the CBV value was calculated as the
area under the time attenuation curves in a paren-
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Figure 3. Computed tomography images with different low-tubes

chymal region, divided by the arterial area under
the TAC. Regardless of the fixed IDR used, there
is still a significant difference in the morphology
of TAC for the first pass of CM with different io-
dine concentrations [5, 21]. When AIS occurs, the
CBV becomes a key parameter that distinguishes
between the cerebral infarction core and ischemic
penumbra [22-24]. Therefore, it is still prudent
to use a CM with low iodine concentration in the
CTP. Furthermore, in the case of the same IDR,
compared with the low iodine concentration, the
use of a CM with high iodine concentration can
reduce the rate of bolus injection. This would be
beneficial for patient comfort, and reduce the risk
of extravasation [25-27].

There were several limitations in the present
study. First, only the image quality for different
combinations of tube current and CM iodine con-

centration on the CTP in normal brain tissue was
evaluated. Hence, the ischemic and infarcted tis-
sue remains unknown, and should be further re-
searched. Second, the present study shows that
the alteration in CM iodine concentration changes
the CBV in normal brain tissue, and the apparent
decrease in CBV is a vital parameter for identify-
ing cerebral ischemia and infarction. Therefore,
further research is needed to assess the impact of
different combinations of RD and CM concentra-
tion on CTR image quality, and even the diagno-
sis for ischemic and infarcted brain tissues. Third,
the present study was only a single-center trial,
and the sample size was limited. Fourth, the pres-
ent study only investigated patients with acute
ischemic stroke, and there were insufficient data
on patients with other diseases. The value of CT
perfusion by lower low-tube current in different
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Figure 4. Comparison of the perfusion map IQ scores assessed by the two radiologists among the four groups. CBV
(A), CBF (B) and MTT (C) were from radiologist 1, while CBV (D), CBF (E) and MTT (F) were from radiologist 2. There
were no significant differences in 1Q scores between the two radiologists
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diseases remains unknown, and should be further
researched in the future.

In conclusion, the reduction in tube current

from 100 mAs to 60 mAs for cerebral CT perfusion
leads to a 40% reduction in radiation dose with-
out sacrificing image quality.
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