
NEURO

Cerebral computed tomography angiography using a 70 kVp
protocol: improved vascular enhancement with a reduced volume
of contrast medium and radiation dose

Eun-Suk Cho & Tae-Sub Chung & Sung Jun Ahn &

KyoungHoon Chong & Jang Hun Baek & Sang Hyun Suh

Received: 20 June 2014 /Revised: 29 September 2014 /Accepted: 21 November 2014 /Published online: 16 December 2014
# European Society of Radiology 2014

Abstract
Objectives To determine the feasibility of using a 70-kVp
protocol compared with a 120-kVp protocol for cerebral CT
angiography. An additional target was to investigate a possible
reduction in the volume of contrast medium (CM) using the
70-kVp protocol.
Methods Attenuation value and CNR for iodine were deter-
mined at various tube voltage settings using a phantom. Sixty-
nine volunteers were randomly assigned to one of three pro-
tocols: group A (120-kVp and CM 64 mL), group B (70-kVp
and CM 64 mL), or group C (70-kVp and CM 40 mL). The
attenuation value, SNR, and CNR of cerebral arteries, subjec-
tive image quality, and radiation dose were compared among
the groups.
Results The vascular attenuation, SNR, and CNR of group B
were significantly higher than those of group A. Group C had
a significantly higher vascular attenuation than group A.
Groups B and C were significantly better than group A with
respect to subjective image quality. An effective dose of 70-
kVp was 10 % lower than that of 120-kVp.
Conclusions Using 70-kVp improved arterial enhancement,
SNR, and CNR, and provided better subjective image quality,
using a 10 % lower effective dose. Furthermore, the 70-kVp

protocol may both reduce volume of CM by 37.5 % and
improve arterial enhancement.
Key Points
• Cerebral CT angiography at 70-kVp substantially improved
vascular enhancement

• Subjective image quality was better at 70-kVp, with lower
radiation dose

• The volume of contrast media can be substantially reduced
at 70-kVp

Keywords Computed tomography . Angiography . Brain .

Contrast media . Tube voltage

Introduction

With the introduction of MDCT and the continuous technical
advances, cerebral CTangiography (CTA) has been established
as an effective minimally-invasive diagnostic method for the
evaluation of patients with suspected cerebrovascular disease
[1]. The diagnostic performance of cerebral CTA is largely
dependent on adequate arterial enhancement (>250HU), which
is determined by the injection of a contrast medium (CM) as
well as the scanning parameters [2, 3]. In clinical practice, a
high concentration of iodine CM or a rapid injection rate of CM
to increase intravascular iodine concentration are commonly
used to improve arterial enhancement in CTA [1].

A low-tube-voltage protocol for CTA is a promising alter-
native that improves vascular enhancement without increasing
the amount of intravascular iodine, since the lower X-ray
energy of low tube voltage results in a greater photoelectric
effect of iodine. The use of a low-tube-voltage (80–100 kVp)
protocol for CTA has recently gained popularity, as this tech-
nique provides increased vascular enhancement while reduc-
ing the volume of CM and reducing radiation exposure for
patients [3–12]. A recent study reported on the use of an x-ray
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tube that allowed for a 70-kVp tube voltage imaging protocol
[13]. Although the main reason for the development of the 70-
kVp protocol was to reduce radiation exposure in paediatric
patients, it may also be used for CT scans in adults for parts of
the body with a relatively low attenuation level, such as the
neck [13].

The increased use of intravascular iodinated CM in radio-
graphic imaging has resulted in a higher incidence of contrast-
induced nephropathy (CIN) [14]. CIN is one of the common
causes of acute renal dysfunction, significantly contributing to
patient morbidity and mortality in high-risk patients [14–16].
A large volume of CM, in particular, is an important and
independent risk factor for CIN [16–18].

The purpose of our study was to determinate the feasibility
of using a 70-kVp protocol as compared with a conventional
120-kVp protocol for cerebral CTA with respect to vascular
attenuation, image quality, and radiation dose. We also inves-
tigated the reduction in the volume of CM when the 70-kVp
protocol was applied.

Materials and methods

Prior to conducting the clinical study, we performed a phan-
tom study to establish the attenuation value and contrast-to-
noise ratio (CNR) of iodine for CT scans with tube voltage
protocols of 70, 80, 100, 120 and 140 kVp. This enabled us to
quantify the increase in attenuation and CNR of the iodine at
various tube voltage settings.

Phantom study

We used a 170-mm diameter cylindrical phantom filled with
water to simulate the head of an adult [8]. A 25-mm diameter
cylindrical tube filled with diluted CM was inserted into the
centre of the phantom. We prepared six different dilutions
(0.5 %, 1.0 %, 2.0 %, 3.0 %, 4.0 %, and 5.0 %) of CM
(370 mg I/mL; Ultravist 370, Schering Korea, Seoul, Korea)
in tap water.

We used tube voltage settings of 70, 80, 100, 120, and
140 kVp in a 128-slice multidetector CT (SOMATOM Defi-
nition AS+; Siemens, Forchheim, Germany), and chose the
appropriate effective tube current–time product (mAseff) so as
to make the phantom-volume CT dose index (CTDIvol) as
close to 20.2 mGy as possible. This was achieved using a
rotation time of 0.5 seconds, a pitch of 0.45, a field of view of
200 mm, and 94 mAseff with 140 kVp, 140 mAseff with
120 kVp, 231 mAseff with 100 kVp, and 464 mAseff with
80 kVp. However, at a gantry rotation time of 0.5 seconds and a
pitch of 0.45, the maximum mAseff available was only
550mAseff, and not 724mAseff as would have theoretically been
required, since the CT had a maximum tube current capacity of
500 mA. Therefore, the resultant CTDIvol for the 70-kVp

protocol with 550 mAseff was 15.4 mGy, which was 23.8 %
lower than that of the other protocols.

The attenuation value (Hounsfield units; HU) of each dilu-
tion of CM was measured using a 100-mm2 region of interest
(ROI) in the centre of the tube. Image noise was defined as the
mean standard deviation (SD) of the attenuation values mea-
sured at the centre of the tube and at the 3, 6, 9 and 12 o’clock
positions at equidistant levels along the z-axis of the cylindri-
cal water phantom. The contrast-to-noise ratio (CNR) of the
tube filled with diluted CMwas calculated using the following
formula: CNR=(HU of the tube−mean HU of the water
phantom)/image noise. The attenuation value (HU) and
CNR of the tubes filled with diluted CM were plotted against
the concentration of CM. Data were analyzed using Pearson’s
correlation coefficients and linear regression analysis.

Normal volunteers

The study protocol was reviewed and approved by the insti-
tutional review board at our institution, and written informed
consent was obtained from all participants. Sixty-nine healthy
volunteers with normal renal function were enrolled in this
study, and were randomly assigned to one of three CTA
protocols: group A (120-kVp protocol and CM 64 mL at
4.0 mL/s), group B (70-kVp protocol and CM 64 mL at
4.0 mL/s), or group C (70-kVp protocol and CM 40 mL at
2.5 mL/s). The mean age of the patients was 45.1±13.7 years
(range, 25–67 years).

Imaging techniques

All CTs were performed using a 128-channel MDCT
(SOMATOM Definition AS+; Siemens, Forchheim, Germa-
ny) with automatic tube current modulation software (CARE
Dose 4D; Siemens). For group A, imaging parameters similar
to those used in daily practice at our institution were applied,
which included a collimation of 64×0.6 mm, slice acquisition
of 128×0.6 mm using a z-flying focal spot technique, a gantry
rotation time of 0.5 seconds, a pitch of 0.45, and an exposure
setting of 120 kVp and 140mAseff with automatic tube current
modulation (CARE Dose 4D). The expected CTDIvol of the
protocol used for group A was 20.2 mGy. The imaging vol-
ume ranged from the vertex of the skull to the posterior arch of
the C1 vertebra. Axial scans were reconstructed at a thickness
of 0.6 mm, and images were sent to online workstations
(Aquarius iNtuition, TeraRecon Inc, San Mateo, CA, USA)
for quantitative and qualitative image analysis.

For the 70-kVp protocol (groups B and C), the effective
tube current–time product settings were intended to result in a
CTDIvol that was as close as possible to that of the 120-kVp
protocol. However, at a rotation time of 0.5 seconds and a pitch
of 0.45, the maximum effective tube current–time product avail-
able on the scanner was only 550 mAseff, and not 724 mAseff, as
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would have theoretically been required. Therefore, the resultant
CTDIvol for the 70-kVp protocol was 15.4 mGy. As a result, for
the 70-kVp protocol, automatic tube currentmodulation software
was not used in order to avoid further reducing the radiation dose.
The remaining imaging parameters were the same as those used
for the 120-kVp protocol.

CMwith an iodine concentration of 370 mg I mL (Ultravist
370; Schering Korea, Seoul, Korea), warmed to 37 °C, was
administered via an 18-gauge cannula placed in the right
antecubital vein using a dual-head power injector (Dual Shot,
Nemoto Kyorindo, Tokyo, Japan). For groups A and B, a total
volume of 64 mL of CM was injected at a rate of 4.0 mL/s for
16 seconds, followed by 40 mL of saline injected at 4.0 mL/s.
To evaluate the feasibility of volume reduction of CM at 70-
kVp, the total volume of CM for group C was reduced by
37.5 %, to 40 mL. This percent reduction was chosen because
the CNR of diluted CM in the 70-kVp protocol in the phantom
study was a mean 39.7 % higher than that of the 120-kVp
protocol. Therefore, a volume of 40 mL CM was injected at
2.5 mL/s for 16 seconds, followed by a 40-mL saline flush at a
rate of 4 mL/s.

An automatic bolus-tracking program (CARE Bolus, Sie-
mens, Forchheim, Germany) was used for initiating the CT
after injection of CM. The ROI was located in the common
carotid artery at the level of the hyoid bone, and a threshold of
160 HU was used for triggering the CTA. A delay of four
seconds was added before every examination.

Quantitative image analysis

Vascular attenuation (in HU) in the internal carotid artery at
the T-junction was measured [3, 8] by a board-certified radi-
ologist with four years of experience in cerebral CTA evalu-
ation. The ROI was carefully drawn to be as large as the lumen
of the artery, omitting the outline of the lumen to avoid partial
volume effects (range of ROI size: 1.44–6.60mm2). Themean
attenuation and the standard deviation (SD) of the brain pa-
renchyma were measured at the centre of the left occipital
lobe, avoiding vascular structures, using a 200 mm2 ROI [3,
8]. The SD of the brain parenchyma was defined as the image
noise. To minimize bias from a single measurement, measure-
ments were obtained three times for each artery or region of
brain parenchyma. The mean of these values was used for
subsequent calculations. The artery-to-brain parenchyma
CNR was calculated using the following formula [3, 8, 19]:
CNR=(mean arterial attenuation value – mean brain paren-
chyma attenuation value) / image noise.

Qualitative image analysis

Two radiologists with more than seven years of experience in
the evaluation of neurovascular imaging independently
reviewed the maximum intensity projections (axial, sagittal,

and coronal) and volume-rendered images of the cerebral
arteries. Two observers subjectively rated image quality on a
five-point scale (1=non-diagnostic; 2=substandard; 3=stan-
dard image quality; 4=better than standard; 5=excellent), in
which a rating of 3 corresponded to the image quality expect-
ed with standard cerebral CTA. The two observers also inde-
pendently scored the following image quality parameters:
arterial enhancement, sharpness of the arterial boundary, vis-
ibility of small arterial details (based on the depiction of small
arteries such as the superior cerebellar, anterior and posterior
communicating, anterior choroid, and ophthalmic arteries),
venous contamination, image noise, and overall image quality.
As the use of a low-tube-voltage protocol for CT angiography
may also increase venous enhancement, which may interrupt
adequate evaluation of the arterial structure, we evaluated and
graded the degree and influence of venous contamination on
image quality. CT image datasets were randomized, and ob-
servers were blinded to the scanning parameters and volume
of CM. Awindow level of 200 HU and width of 600 HUwere
fixed only during the qualitative assessment of arterial en-
hancement, venous contamination, and image noise in order
to compare differences among the three groups.

Measurement of radiation exposure

The CTDIvol and dose–length product (DLP) of each scan
were provided by the CTscanner, and an approximation of the
effective dose was calculated for each subject by multiplying
the DLP by a conversion coefficient (0.0023 mSv/mGy·cm)
[20, 21].

Statistical analysis

All statistical analyses were performed using SPSS software
(version 13.0 for Windows, SPSS Inc., Chicago, IL). Patient
data (demographic and morphometric) and quantitative data
were analyzed using student’s t tests. Qualitative data was
analyzed using Mann–Whitney U tests. The Bonferroni cor-
rection was applied, and differences were considered to be
significant when the P value was less than 0.05/2 (0.025) for
two comparisons (between groups A and B and between
groups A and C). The kappa statistic was used to assess
interobserver agreement in scoring and was interpreted using
the guidelines described by Landis and Koch [22].

Results

Phantom study

The attenuation value and CNR for a given dilution of iodine
CM increased as the tube voltage decreased from 140 kVp to
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70 kVp (Figs. 1 and 2). CNRs at the 70-, 80-, 100-, and 140-
kVp settings were 59.6 %, 47.7 %, and 18.0 % higher, and

15.9 % lower, respectively, than those at the 120-kVp setting.
The mean attenuation values at the 70-, 80-, 100-, and 140-

Fig. 2 Graphs shows the relationships between the contrast-to-noise ratio
(CNR) and concentration of contrast medium (CM) dilution (A), and
between the attenuation value and concentration of CM dilution (B). In
A, the relationship between the CNR and concentration of CM dilution
was as follows: for 70 kVp, y=1,731.7x+6.7 (R2=0.979); for 80 kVp,
y=1,593.5x+7.2 (R2=0.979); for 100 kVp, y=1,278.0x+5.2 (R2=
0.986); for 120 kVp, y=1,123.4x+3.4 (R2=0.990); and for 140 kVp,

y=942.8x+2.8 (R2=0.986). In B, the relationship between CT attenua-
tion value and concentration of CM dilution was as follows: for 70 kVp,
y=19,280x+25.6 (R2=0.999); for 80 kVp, y=15,966x+24.2 (R2=
0.999); for 100 kVp, y=11,945x+18.0 (R2=0.991); 120 kVp, y=
9,622.2x+15.7 (R2=0.999); and 140 kVp, y=8,159.7x+13.49 (R2=
0.999).

Fig. 1 Axial 0.6-mm-thick CT
images of the phantom were
obtained at each tube voltage with
4 % concentration CM diluted
with tap water. A 4 %
concentration of CM in the tube
resulted in mean CT attenuation
values most similar to those
obtained for cerebral arteries in
clinical studies (363.5 HU in
120 kVp, 695.2 HU in 70 kVp).
The mean CT attenuation value
and CNR were 339 HU and
41.8 at 140 kVp, 399 HU and
50.0 at 120 kVp, 494.0 HU and
56.5 at 100 kVp, 660.0 HU and
71.4 at 80 kVp, and 795.0 HU and
69.9 at 70 kVp, respectively.
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kVp settings were 97.3 %, 64.8 %, and 23.7 % higher, and
15.2 % lower, respectively, than those obtained at 120 kVp.
The mean image noise at 70, 80, 100, 120, and 140 kVp was
9.9, 8.8, 8.3, 8.0, and 8.1, respectively.

Clinical study

A total of 69 participants were enrolled in this study and were
divided equally among each of the three groups. There were

no significant differences in age, height, weight, or body mass
index between groups A and B or between groups A and C
(Table 1). Thus, further analyses and comparisons of attenu-
ation measurements and radiation doses were considered to be
valid.

The mean vascular attenuation value at the internal carotid
artery T-junction was 363.5±74.9 HU (range, 241.0–
501.0 HU) for group A (Fig. 3), 695.2±92.6 HU (range,
542.5–942.0 HU) for group B (Fig. 4), and 601.4±

Table 1 Normal volunteer characteristics

Characteristic Group A Group B P value* Group C P value†

Age (years) 46.2±12.4 46.5±13.8 0.938 49.7±12.9 0.346

Gender (male/female)‡ 9/14 8/15 0.763 10/13 0.485

Height (cm) 165.3±10.8 167.4±7.4 0.450 163.6±7.0 0.563

Weight (kg) 64.8±18.2 63.4±9.0 0.760 61.3±12.0 0.474

BMI (kg/m2) 23.3±4.3 22.6±2.5 0.475 22.9±4.3 0.487

Data are presented as means±standard deviations. Differences were considered significant when Bonferroni-corrected P value was less than 0.025.
*Comparison between group A and B. †Comparison between group A and C. Student’s t test and ‡Mann–Whitney U test were used to compared the
values. Group A: 120 kVp setting and 64 mL contrast medium (CM) administration; Group B: 70 kVp setting and 64 mL CM administration; Group C:
70 kVp setting and 40 mL CM administration.

BMI body mass index

Fig. 3 A 0.6-mm-thick axial
reconstructed image (A), axial
MIP image with a slab thickness
of 8 mm (B), and volume-
rendered image (C) of a 36-year-
old woman who underwent
cerebral CT angiography using
120 kVp and 64 mL contrast
medium (group A protocol).
Arterial attenuation was measured
in the internal carotid artery at
the T-junction (arrow). The mean
attenuation value of the cerebral
arteries (377.0 HU) in this patient
was similar to the mean
attenuation value (363.5 HU) of
cerebral CT angiography in group
A.
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112.9 HU (range, 448.5–852.0 HU) for group C (Fig. 5).
There were mean differences of 331.7 HU (p<0.001) between
groups A and B and of 237.9 HU (p<0.001) between groups
A and C (Table 2). In comparison to the 120-kVp protocol, the
70-kVp protocol had 91.2 % higher arterial attenuation, with
the same amount of CM (64 mL), and 65.4 % higher vascular
attenuation even though the volume of CM was reduced by
37.5 % (from 64 mL to 40 mL). The mean attenuation within
the occipital lobe in groups B and C was 8.1 HU and 7.4 HU
higher, respectively, than that of group A (p<0.001). The
mean image noise (SD of the occipital lobe) in groups B and
C were 8.4 HU and 7.9 HU higher, respectively, than that of
group A (p<0.001), respectively. Although the noise level
was significantly higher at the 70-kVp protocols, the mean
SNR and CNR of the arteries for the 70-kVp protocol (group
B) were 22.1 % and 26.9 % higher than those for the 120-kVp
protocol (group A) (p=0.006 and p=0.002), respectively,
when the same amount of CM was used (Table 2). The mean
SNR and CNR in group C were 7.0 % and 10.1 % higher,
respectively, than those of group A, but were not statistically
significant (p=0.341 and p=0.204, respectively).

The interobserver agreement for the subjective assessment
of image quality between the two readers was substantial, with

a kappa value of 0.744. In qualitative image analysis (Table 3),
the images acquired using the 70-kVp protocols (groups B and
C) were rated significantly higher than those obtained using
the 120-kVp protocol (group A) with regard to arterial en-
hancement, sharpness of cerebral arterial boundaries, visibility
of small arterial details, and overall image quality. Group A
had statistically better subjective scores for venous contami-
nation compared with group B, and better image noise com-
pared with group C.

The mean CTDIvol and estimated effective dose of the 70-
kVp protocols (groups B and C) were 10.5 % and 10.0 %
lower, respectively, than those obtained using the 120-kVp
protocol (groupA), both of which were statistically significant
(Table 2).

Discussion

Recently, some x-ray tubes within CT systems offer a 70-kVp
setting, which is expected to be very helpful for angiographic
examinations in children. When the mean photon energy of
the polychromatic X-rays approaches the iodine K-edge

Fig. 4 A 0.6-mm-thick axial
reconstructed image (A), axial
MIP image with a slab thickness
of 8 mm (B), and volume-
rendered image (C) of a 35-year-
old man who underwent cerebral
CT angiography using 70 kVp
and 64 mL contrast medium
(group B protocol). Arterial
attenuation was measured in the
internal carotid artery at the T-
junction (arrow). The mean
attenuation value of the cerebral
arteries (698.0 HU) in this patient
was most similar to the mean
attenuation value (695.2 HU) for
cerebral CTangiography obtained
in group B.
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energy of 33.2 keV, the attenuation of the iodine CM is
increased as a result of a greater photoelectric effect [3, 8,
23]. In one study, the mean energy of the X-ray spectrum in
CT using an X-ray tube with a 3–4 mm aluminum filter was

reported to be 43.7 keV at 80 kVp, 51.6 keV at 100 kVp,
56.8 keVat 120 kVp, and 61.5 keVat 140 kVp [24]. The mean
photon energy at the 70-kVp setting for CT has not yet been
reported. However, since the 70-kVp setting had the highest

Fig. 5 A 0.6-mm-thick axial
reconstructed image (A), axial
MIP image with a slab thickness
of 8 mm (B), and volume-
rendered image (C) of a 65-year-
old man who underwent cerebral
CT angiography using 70 kVp
and 40 mL contrast medium
(Group C). Arterial attenuation
was measured in the internal
carotid artery at the T-junction
(arrow). The mean attenuation
value of the cerebral arteries
(582.0 HU) of this patient was
most similar to the mean
attenuation value (601.4 HU) for
cerebral CT angiography in group
C.

Table 2 Mean arterial attenuation, objective image quality, and radiation exposure values obtained using three different cerebral CT angiography
protocols

Group A Group B P value* Group C P value†

kVp 120 70 - 70 -

Effective mAs 140 550 - 550 -

Attenuation of the cerebral artery (HU) 363.5±74.9 695.2±92.6 < 0.001 601.4±112.9 < 0.001

Attenuation of the occipital lobe (HU) 35.0±2.1 43.0±6.4 < 0.001 42.4±6.7 < 0.001

Image noise (HU) 14.2±1.4 22.5±3.1 < 0.001 22.1±3.0 < 0.001

SNR 25.9±6.0 31.7±7.5 = 0.006 27.7±6.8 = 0.341

CNR 23.4±5.8 29.7±7.3 = 0.002 25.8±6.6 = 0.204

CTDIvol (mGy) 17.03±1.53 15.25±0.01 < 0.001 15.25±0.01 = 0.017

Effective dose (mSv) 0.70±0.07 0.63±0.04 < 0.001 0.63±0.02 < 0.001

Data are means±standard deviations. Differences were considered significant when Bonferroni-corrected P value was less than 0.025. *Comparison
between group A and B. †Comparison between group A and C. Student’s t test was used to compared the values. Group A: 120 kVp setting and 64 mL
contrast medium (CM) administration; Group B: 70 kVp setting and 64 mLCM administration; Group C: 70 kVp setting and 40 mLCM administration

HU Hounsfield units, SNR signal-to-noise ratio, CNR contrast-to-noise radio. CTDIvol volume-computed tomography dose index
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iodine attenuation value in our phantom study, we presume
that the mean photon energy of the 70-kVp setting would be
closest to the iodine K-edge energy of 33.2 keV. In the clinical
study, we also confirmed that vascular enhancement on CTA
acquired with 70 kVp was significantly higher than that at
120 kVp when the same amount of CM was applied. Al-
though the volume of CM administered was reduced by
37.5 %, the 70-kVp protocol had greater vascular enhance-
ment compared with the 120-kVp protocol.

In previous cerebral CTA studies that used a 120-kVp
setting, the mean attenuation of enhanced intracranial ar-
teries varied from 190 HU to 351 HU according to the total
amount of iodine injected and the injection rate of the CM
[2, 3, 7, 8, 20, 25]. In the study that had the highest
intracranial artery attenuation (351 HU), patients were giv-
en 100 mL of CM, with a 300 mg iodine/mL concentration
[25]. The mean arterial attenuation in this study was
375 HU in the 120-kVp protocol when 64 mL CM with
370 mg iodine/mL was administered. In previous studies
that have used a low-tube-voltage protocol (80–90 kVp),
the mean attenuation of intracranial arteries ranged from
322 to 401 HU [3, 7, 8, 20]. The highest mean attenuation
value (401 HU) for intracranial arteries was reported when
patients were given 120 mL of CM and the 80-kVp protocol
was applied [20]. When the 70-kVp protocol was used in
our study, the mean arterial attenuation values were
708.6 HU and 584.6 HU with the administration of 64 mL
and 40 mL of CM, respectively, at a concentration of
370 mg iodine/mL. To the best of our knowledge,

708.6 HU is the highest reported mean attenuation value
of cerebral arteries for CTA.

The use of a low tube voltage for CT increases the attenu-
ation of iodine and substantially reduces the radiation dose. In
our study, the 70-kVp protocol (groups B and C) had a 10.5 %
lower CTDIvol and a 10.0% lower effective dose than the 120-
kVp protocol (group A). Images obtained using low-dose CT
are inevitably noisier than normal-dose CT images. Although
we increased the effective tube current–time product in the 70-
kVp protocol to compensate for this expected increase in
image noise, the 70-kVp protocol (groups B and C) had a
higher image noise, at 8.1 HU, and the subjective score for
image noise was lower than that for the 120-kVp protocol.
Despite this higher image noise, however, the 70-kVp proto-
col (group B) had significantly higher SNR and CNR than the
120-kVp protocol (group A), and a better subjective score for
overall image quality.

The mechanism underlying CIN has yet to be fully eluci-
dated [26]. However, the volume of injected CM is the pri-
mary risk factor and strongest predictor of the development of
CIN [16–18], and therefore, attempts should be made to
minimize the amount of CM used. When a 37.5 % lower
CM volume (40 mL instead of 64 mL) was used in the 70-
kVp protocol (group C), while the mean attenuation value of
the cerebral arteries was significantly higher, the SNR and
CNR were not different from those in the 120-kVp protocol
(group A). The subjective scores for arterial enhancement,
sharpness of the cerebral arterial boundary, visibility of small
arterial details, and overall image quality were better for the

Table 3 Subjective scoring of pooled data from two observers, expressed on a five-point scale

Group A Group B P value* Group C P value†

Observer 1

Arterial enhancement 3 (1) 5 (0) < 0.001 5 (0) < 0.001

Detail visibility 3 (0) 4 (1) < 0.001 4 (1) < 0.001

Boundary sharpness 3 (1) 5 (0) < 0.001 4 (1) < 0.001

Image noise 3 (0) 3 (0) = 0.027 3 (0) = 0.008

Venous contamination 3 (0) 3 (1) = 0.009 3 (0) = 0.555

Overall quality 3 (1) 5 (1) < 0.001 5 (1) < 0.001

Observer 2

Arterial enhancement 3 (1) 5 (0) < 0.001 5 (0) < 0.001

Detail visibility 3 (0) 4 (0) < 0.001 4 (1) = 0.002

Boundary sharpness 3 (1) 5 (1) < 0.001 4 (1) < 0.001

Image noise 3 (0) 3 (1) = 0.028 3 (1) = 0.014

Venous contamination 3 (0) 3 (1) = 0.009 3 (0) = 0.076

Overall quality 3 (1) 4 (1) < 0.001 4 (1) < 0.001

Data are medians (interquartile range). Mann-Whitney U test was used to compare the values, and differences were considered significant when
Bonferroni-corrected P value was less than 0.025. *Comparison between group A and B. †Comparison between groups A and C. Group A: 120 kVp
setting and 64 mL contrast medium (CM) administration; Group B: 70 kVp setting and 64 mL CM administration; Group C: 70 kVp setting and 40 mL
CM administration. Detail visibility: visibility of small arterial detail; Boundary sharpness: sharpness of arterial boundary; Overall quality: overall
diagnostic image quality
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70-kVp protocol (group C). These data demonstrate that the
use of low-kVp CTA protocols for cerebral CTA not only
reduces radiation exposure, but also decreases the amount of
CM required, while improving arterial enhancement and im-
age quality. In addition, the risk of volume-dependent CIN is
reduced and the safety of the examination is increased, espe-
cially in elderly patients with borderline renal function [9].

The subjective score for venous contamination in group B
was statistically worse than that of group A. A low-tube-
voltage protocol for CT angiography also increases venous
enhancement, which may interfere with adequate evaluation
of the cerebral arteries. Group C, which used a 37.5 % lower
CM volume, had a subjective score for venous contamination
that was comparable to that in group A. As the reduction in
CM volume for cerebral CTA decreases venous enhancement
as well as arterial enhancement, the venous contamination
score for group C might have been improved compared to
group B.

Our study had several limitations. First, because of ethical
concerns, it was not possible to perform intra-individual com-
parisons among the three protocols. However, there were no
significant differences in patient characteristics among the
three groups, and thus quantitative and qualitative analyses
and comparisons were possible across groups. Second, the
sample size in each group was relatively small. However both
phantom and clinical studies showed good correlation be-
tween the attenuation value and CT tube voltage setting.
Additionally, the 70-kVp protocol had a significantly higher
SD in attenuation in the occipital lobe, which was a quantita-
tive marker of image noise. Promising techniques such as
iterative reconstruction have recently been applied to reduce
image noise [27]. Iterative reconstruction was not used in this
study, however, and further studies are needed to explore the
value of this technique.

In conclusion, the use of the 70-kVp protocol in cerebral
CTA substantially improved arterial enhancement, SNR, and
CNR, and provided better subjective image quality compared
with the 120-kVp protocol, with a 10 % lower effective dose
of radiation. Even with a 37.5 % lower volume of CM, the 70-
kVp protocol had higher arterial enhancement and better
image quality, while at the same time maintaining the SNR
and CNR. Considering the safety of the examination, the 70-
kVp protocol may not only reduce radiation exposure, but also
decrease the volume of CM and in turn reduce the risk of CIN
in patients with impaired renal function.
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