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Abstract
Purpose This study was conducted in order to evaluate the
image quality of 70 kVp and 25 mL contrast medium (CM)
volume for head and neck computed tomographic angiogra-
phy (CTA) and assess the diagnostic accuracy for arterial
stenosis.
Methods Fifty patients were prospectively divided into two
groups randomly: group A (n = 25), 70 kVp with 25 mL
CM, and group B (n = 25), 100 kVp with 40 mL CM. CT
attenuation values, noise, signal-to-noise ratio (SNR), and
contrast-to-noise ratio (CNR) of the shoulder, neck, and cere-
bral arteries were measured for objective image quality.
Subjective image quality of the shoulder and cerebral arteries
was also evaluated. For patients undergoing digital subtracted
angiography (DSA), diagnostic accuracy of CTAwas assessed
with DSA as reference standard.
Results The SNRs of the shoulder, neck, and cerebral arteries
in group Awere higher than those in group B (P < 0.05). The
CNRs of the shoulder and neck arteries in group Awere higher
than those in group B (P < 0.05). There was no significant
difference in subjective image quality of arteries between

group A and group B (P > 0.05). The accuracy was noted as
94.0% (156/166) in group A and 97.1% (134/138) in group B
for ≥ 50% stenosis. The accuracy of intracranial arterial steno-
sis was lower than that of extracranial arterial stenosis in group
A. The radiation dose of group Awas significantly decreased
by 56% than that of group B.
Conclusion Head and neck CTA at 70 kVp using 25 mL CM
can obtain diagnostic image quality with lower radiation dose
while maintaining high accuracy in detecting the arterial ste-
nosis compared with the 100-kVp and 40-mL CM.
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Abbreviations
CM Contrast medium
CTA Computed tomographic angiography
ADMIRE Advanced modeled iterative reconstruction
FBP Filtered back projection

YC, XZ and HX are joint first authors and contributed equally to this
study.

* Zhengyu Jin
jinzy_pumch@126.com

Yu Chen
bjchenyu@126.com

Xiaobo Zhang
pumcradiozxb@163.com

Huadan Xue
xuehd@pumch.cn

Yuanli Zhu
13552010685@163.com

Yun Wang
wangyun8637@163.com

Yumei Li
liyumei1437@126.com

Zhuhua Zhang
zhangzhh.2008@163.com

1 Department of Radiology, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences, No.1 Shuai Fu Yuan, Dong
Cheng District, Beijing 100730, China

Neuroradiology (2017) 59:1071–1081
DOI 10.1007/s00234-017-1901-4

mailto:jinzy_pumch@126.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s00234-017-1901-4&domain=pdf


SNR Signal-to-noise ratio
CNR Contrast-to-noise ratio
AA Aortic arch
BTA Brachiocephalic trunk artery
SA Subclavian artery
CCA Common carotid artery
VA Vertebral artery
MCA Middle cerebral artery
BA Basilar artery
ED Effective dose
DSA Digital subtracted angiography
ROI Region of interest
MPR Multiplanar reformation
MIP Maximum intensity projections
SD Standard deviation
SCM Sternocleidomastoideus
BS Brain stem
ACA Anterior cerebral arteries
PCA Posterior cerebral arteries
SVC Superior vena cava
SV Subclavian vein
CTDIvol Volume CT dose index
DLP Dose-length product
ECA External carotid arteries
PPV Positive predictive value
NPV Negative predictive value
CCAbi Bifurcation of CCA
IR Iterative reconstruction

Introduction

In patients with symptoms of stroke or transient ischemic at-
tack, computed tomography angiography (CTA) can swiftly
and accurately assess the patency of the intracranial circula-
tion, evaluate for carotid atherosclerosis as a potential embolic
source, and provide information about vessel occlusion that is
essential before treatment with thrombolysis or even embolec-
tomy is considered [1, 2]. CTA also has high sensitivity and
specificity for the detection of intracranial aneurysms and is,
thus, used in the emergency setting to detect intracranial an-
eurysms in patients with subarachnoid hemorrhage [3, 4].

Exposure of the patient to a nephrotoxic contrast me-
dium (CM) and carcinogenic radiation limits the useful-
ness of head and neck CT. Thus, strategies to reduce
the radiation dose and CM associated with CTA are
desirable. Several dose-reduction strategies have been
investigated and lowering tube voltage appears to be
the most effective, because radiation dose is proportion-
al to the square of tube voltage. Meanwhile, the CT
attenuation of enhanced vessels can be substantially in-
creased by lowering tube voltage, and therefore, CM
could be reduced.

In view of contrast enhancement, image acquisition at the
lowest currently achievable tube voltage setting (70 kV) could
be even more efficient. However, image quality at CTangiog-
raphy performed with 70 kVp has been limited by the maxi-
mum tube current output (500 mA) in previous CT systems.
This limitation might be overcome with the recent introduc-
tion of third-generation dual-source CT systems (SOMATOM
Force, Siemens Healthineers, Forchheim, Germany), which
are equipped with two 120-kW X-ray tubes that could gener-
ate tube current up to 1300 mA [5].

There are several published studies on strategies of
70-kVp setting to decrease the radiation dose or the
volume of CM for cerebral angiography. Cho et al.
demonstrated that 70 kVp cerebral CTA combined with
40 mL CM improved arterial enhancement and an ef-
fective dose was 10% lower than that of 120 kVp com-
bined with 64 mL CM using a 128-slice CT system [6].
One recent study demonstrated cerebral CTA at 70 kVp
with 30 mL of iodinated CM was feasible, and the
radiation dose was 85% reduction in comparison to
120 kVp with 60 mL CM [7].

Except cerebral angiography, 70-kVp settings have been
applied in coronary CTA [5, 8], lower extremity, pulmonary
angiography [9], aorta [10], cerebral CT perfusion [11], liver
perfusion [12], and so on. To our knowledge, the feasibility of
70-kVp CTA of cervical arteries or combined cranial and cer-
vical arteries has not yet been investigated.

The hypothesis of our study was that a 70-kVp protocol
with the advanced modeled iterative reconstruction
(ADMIRE) would lower the amount of contrast medium and
radiation exposure while maintaining or even improving ves-
sel contrast, when performing CTA for both head and neck.

Materials and methods

Patient population

This prospective study was performed with institutional re-
view board approval. Informed consent was obtained from
all patients or their legal guardians. Between October 2015
and July 2016, consecutive patients suspected with arterial
diseases of the head and neck and body weight less than
75 kg were enrolled in the study. All patients underwent
CTA of the head and neck. Contraindications for head and
neck CTA included known prior reactions to iodinated con-
trast agents, severe renal impairment, severe cardiac insuffi-
ciency, and pregnancy. Patients with moyamoya disease, arte-
riovenous fistula, intracranial clipping, or coiling were exclud-
ed from the study because these factors can affect CT mea-
surements. Each patient’s age, body weight, and height were
measured and recorded prior to the CT examination.
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Head and neck CTangiography

Acquisition protocol

All head and neck CTA examinations were performed on a
192-slice third-generation dual-source CT system
(SOMATOM Force, Siemens Healthineers, Forchheim,
Germany). Patients were positioned supine on the CT table
with both arms along the chest. The CM iodixanol (370 mg of
iodine per milliliter, Ultravist, Bayer-Schering HealthCare,
Germany) was injected intravenously through an 18-gauge
needle, into the antecubital vein by using a high-power
autoinjector.

Patients were randomly assigned to one of the 70-kVp
(group A) or 100-kVp (group B) protocols. In group A, pa-
tients received 25 mL CMwith a flow rate of 5 mL/s followed
by 50 mL saline solution with the same flow rate. In group B,
patients received 40 mL CM and 50 mL saline solution with a
flow rate of 5 mL/s.

Automatic attenuation-based tube current modulation
(CAREDose 4D, Siemens Healthcare) was used in either the
70- or 100-kVp protocols. Automated attenuation-based tube
voltage (CAREkV, Siemens Healthcare) was off for the 70-
kVp protocol, and 700mAs of reference tube current was used
according to theoretical need in the previous study [6]. Studies
of 100 kVp were performed with semiautomated CAREkV
with referenced 120 kVp and 84 mAs following the vendor’s
recommendation.

CT acquisition was triggered by using a bolus tracking
technique with the region of interest (ROI) placed in the as-
cending aorta. For the 70-kVp protocols, image acquisition
was started 4 s after attenuation reached the predefined thresh-
old of 80 HU in order to start earlier, pitch 1.55, gantry rota-
tion time of 250 ms/rotation, and craniocaudal scan direction.
For the 100-kVp protocol, image acquisition was started 2 s
after attenuation reached the threshold of 100HU, and pitch
1.2, gantry rotation time of 280ms/rotation, caudocranial scan
direction were used.

Image reconstruction

CT images at 100 kVpwere reconstructed using a convention-
al filtered backprojection (FBP) algorithm. CT images of
70 kVp were reconstructed using ADMIRE at strength level
3 [13]. All image series were reconstructed with a 0.6-mm
section thickness and 0.4-mm increment. The convolution
kernels of all images for both groups were the BBv36.^

Each image dataset was coded and randomized to enable
double-blinded evaluation, also with anonymized patients’ in-
formation. All images were transferred to a dedicated work-
station (syngo. Via VA30, Siemens Healthinners). Multiplanar
reformation (MPR) and maximum intensity projections (MIP)
images were reconstructed.

Quantitative image quality evaluation

Arteries with stent, very thin lumen, and occlusion were ex-
cluded. All measurements were performed by two radiologists
(YZ and YC, with 3 and 8 years of experience in head and
neck imaging, respectively). CT attenuation, standard devia-
tion (SD), signal-to-noise ratio (SNR), and contrast-to-noise
ratio (CNR) were calculated on three levels, and mean value
of three measurements on the same vessel was calculated:

1. On the shoulder level, CT attenuationAA, SDAA, CT
attenuationSA, and SDSA were the mean HU value and
noise of the aortic arteries (AA) and bilateral proximal
segment of subclavian arteries (SA). CTattenuationshoulder
and SD

shoulder
were the mean HU value and SD of the bilat-

eral rhomboideus muscles at the same slice of SA.
2. On the neck level, CT attenuationCCA, SDCCA, CT

attenuationVA, and SDVA are the mean HU value of the
bilateral bifurcation of CCA (CCAbi) and vertebral arter-
ies (VA). CTattenuationneck and SDneck were the mean
HU value and SD of the bilateral sternocleidomastoideus
(SCM).

3. On the brain level, CT attenuationMCA, SDMCA, CT
attenuationBA, and SDBA are the mean HU value of the
bilateral M1 segment of middle cerebral arteries (MCA)
and middle segment of basilar artery (BA), respectively.
CTattenuationbrain and SDbrain were the mean HU value
and SD of the brain stem (BS) at the same slice of BA.

Arterial attenuation values ≥ 150 HU were considered as
diagnosed and ≥ 200 HU as optimal for CTA [2, 14], and the
number of arterial segments with attenuation values > 150 HU
or > 200 HU was counted, respectively.

To assess the mean signal intensity, the attenuation values
in the ROI using a circular tool were measured. The ROI was
drawn large enough to include as much of the contrast-filled
vessel and to avoid vessel wall or small calcification. To avoid
partial volume effects, the ROIs were placed individually suit-
able for MPR exactly perpendicular to the vessel lumen.
Severe calcification or very thin parts of the arteries were
avoided, and occluded vessels were excluded. SNR and
CNR were calculated as the following formulas:

SNR ¼ CT attenuationa
.

SDa

CNR ¼ CT attenuationa−CT attenuationmð Þ
.
SDm

Where CTattenuationa and SDa indicated themeanHU and
noise of target arteries. CTattenuationm and SDm indicated the
mean HU and noise of surrounding muscles on the same level
of target arteries.
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Qualitative image quality evaluation

Image scoring of arteries was performed independently
by two neuroradiologists (YC and YZ with 8 and
3 years of experience in head and neck imaging).
Both of them were blinded to the patients and group
information (i.e., tube voltage, reconstruction parame-
ters). In case of disagreement between both readers,
consensus was reached in a joint reading to determine
the final image quality score.

SA contralateral to the side of injection (SAcontra),
anterior cerebral arteries (ACA), MCA, and posterior
cerebral arteries (PCA) underwent artery evaluation.
MIP images of arteries were evaluated using a 4-point
scale as follows (Fig. 1):

& Sartery = 4 excellent, with very sharp edges and high sub-
jective contrast-to-noise ratio

& Sartery = 3 good, with restrictions due to minimal blurring
or slightly suboptimal subjective contrast-to-noise ratio

& Sartery = 2 moderate but still diagnostic, with considerable
restrictions due to vessel edge blurring or markedly sub-
optimal subjective contrast-to-noise ratio

& Sartery = 1 nondiagnostic, with unacceptable blurring or
subjective contrast-to-noise ratio

Score ≥ 2 was considered as diagnosed, and score ≥ 3 was
considered as optimal for CTA.

Superior vena cava (SVC), brachiocephalic vein (BCV),
and subclavian vein (SV) were observed for CM residues that
could lead to artifacts on the angiography that were rated using
a three-point scale as follows (Fig. 2):

& Sresidues = 1 poor, artifacts present in the SVC, BCV,
and SV.

Fig. 1 Cases of arterial MIP
reconstructed image quality
evaluation. A 63-year-old man
with 67-kg body weight in the 70-
kVp group; the MIP (a) image of
ACAwas evaluated as score 3. A
62-year-old man with 70-kg body
weight in the 70-kVp group; the
MIP (b) image of ACAwas
evaluated as score 4. There is no
image of scores 1 and 2 in this
study

Fig. 2 Examples of contrast medium residues. aA 67-year-old man with
65-kg body weight in the 70-kVp group. On the MIP image, only slight
residues are seen in the subclavian vein (arrow) and evaluated as score 3.
b A 62-year-old man with 70-kg body weight in the 70-kVp group. On
the MIP image, moderate residues appeared in the right subclavian vein,

parts of them went into the right brachiocephalic vein (arrow) and eval-
uated as score 2. cA 70-year-old man with 65-kg body weight in the 100-
kVp group. On the MIP image, obvious residues were present in the
superior vena cava (arrow) and brachiocephalic and subclavian veins
and evaluated as score 1
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& Sresidues = 2 good, artifacts present in the BCVand SV, no
artifacts are detected in the SVC.

& Sresidues = 3 excellent, no artifacts appear in the SVC,
BCV, and SV, or there were a little artifacts in the SV.

Radiation dose estimation

With all protocols, the volume CT dose index
(CTDIvol) was given based on the 32-cm CTDI phan-
tom. CTDIvol and dose-length product (DLP) were re-
corded for every CT examination and effective dose (in
millisieverts) estimated by multiplying DLP with a con-
s tant region-speci f ic convers ion coeff ic ient of
0.0048 mSv/(mGy cm).

DSA

DSA was performed only if clinically indicated and
was, thus, only performed in a subgroup of patients.
The DSA technique included femoral catheterization by
the Seldinger technique and used a biplane DSA unit
with rotational capabilities (AXION Artis zeego,
Siemens Medical Systems, Forchheim, Germany).
Firstly, aortic and bilateral common carotid artery angi-
ography was performed. Then, bilateral internal carotid
and vertebral artery angiography was performed

optionally. Standard anteroposterior, lateral, and oblique
positions were performed. A single rotational (3D-DSA)
acquisition was typically obtained before removing the
catheter from each vessel if necessary. DSA data were
sent to an adjacent 3D workstation (Lenoardo, Siemens
Medical Solutions, Erlangen, Germany). A well-
experienced neuroradiologist (XZ with 20 years of

Table 1 Patients’ demography and scan parameters

Group A
(n = 25)

Group B
(n = 25)

P
value

Patients characteristics

Age (years) 64 ± 8 62 ± 7 0.451

Weight (kg) 68.8 ± 2.5 68.5 ± 2.6 0.700

Height (m) 1.70 ± 0.06 1.69 ± 0.07 0.490

BMI (kg/m2) 23.9 ± 1.6 24.2 ± 2.0 0.558

Clinical diagnosis

Atherosclerosis 24 23

Aneurysm 1 1

Carotid body tumor 0 1

Scan parameters

Tube current time product
(mAs)

234.6 ± 12.5 107.7 ± 6.9 <0.001

FOV (mm) 264.5 ± 13.8 261.3 ± 12.8 0.400

Scan time 1.18 ± 0.05 2.39 ± 0.11 <0.001

Radiation dose

CTDIvol (mGy) 2.12 ± 0.11 4.61 ± 0.29 <0.001

DLP (mGy cm) 84.2 ± 6.9 190.8 ± 17.2 <0.001

Effective dose (mSv) 0.40 ± 0.03 0.92 ± 0.08 <0.001

Table 2 Quantitative image quality measurements between two groups

Locations Group A Group B P value

AA
Number 25 25
CT attenuation 376.8 ± 85.0 445.0 ± 60.4 0.002
SD 22.7 ± 3.4 29.9 ± 5.3 <0.001
SNR 16.7 ± 3.7 15.3 ± 3.2 0.169
CNR 20.5 ± 10.1 20.3 ± 7.6 0.945

SA
Number 48 47
CT attenuation 440.2 ± 88.5 416.1 ± 70.1 0.140
SD 23.5 ± 6.9 26.0 ± 6.7 0.066
SNR 19.7 ± 5.8 17.3 ± 6.1 0.046
CNR 25.8 ± 12.8 19.7 ± 7.7 0.006

Rhomboideus muscles
Number 50 50
CT attenuation 47.7 ± 14.4 56.6 ± 16.1 0.005
SD 17.4 ± 6.0 20.6 ± 7.3 0.022

CCAbi
Number 49 49
CT attenuation 494.4 ± 90.2 487.4 ± 73.7 0.675
SD 14.4 ± 4.0 18.3 ± 6.0 <0.001
SNR 36.5 ± 11.1 29.5 ± 10.4 0.002
CNR 46.8 ± 19.7 39.9 ± 13.3 0.044

V2
Number 44 42
CT attenuation 490.7 ± 100.1 459.2 ± 78.2 0.110
SD 20.0 ± 11.0 22.7 ± 7.7 0.204
SNR 30.6 ± 14.7 22.2 ± 7.5 0.001
CNR 46.7 ± 19.8 36.9 ± 13.2 0.009

SCM
Number 50 50
CT attenuation 65.3 ± 7.6 62.1 ± 8.3 0.041
SD 10.2 ± 3.0 11.4 ± 2.9 0.048

MCA
Number 48 47
CT attenuation 449.9 ± 90.1 412.6 ± 68.5 0.026
SD 23.0 ± 12.8 24.3 ± 7.1 0.511
SNR 23.1 ± 9.1 18.4 ± 6.0 0.004
CNR 14.9 ± 4.3 16.3 ± 5.0 0.162

BA
Number 25 23
CT attenuation 426.6 ± 99.4 380.8 ± 68.2 0.072
SD 20.8 ± 8.9 27.1 ± 15.6 0.188
SNR 24.1 ± 10.4 19.6 ± 12.6 0.162
CNR 14.0 ± 4.3 14.9 ± 4.6 0.491

BS
Number 25 25
CT attenuation 58.1 ± 13.6 43.2 ± 10.9 <0.001
SD 27.1 ± 5.2 23.6 ± 3.9 <0.001

AA aortic arch, SA subclavian artery, CCA common carotid artery, CCAbi
bifurcation of CCA, V2 V2 segments of vertebral artery, SCM
sternocleidomastoideus, MCA middle cerebral artery, BA basilar artery,
SNR signal-to-noise ratio, CNR contrast-to-noise ratio, BS brain stem
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experience in head and neck imaging) performed DSA
and evaluated the arterial stenosis and location of intra-
cranial aneurysms in the DSA images.

Arterial stenosis

Two well-experienced neuroradiologist (YC and XZ) evaluat-
ed the CTA and DSA data. Both of them were blinded to the
patients’ information and reached a consensus conclusion.
Segments of arteries with stent in either CTA or DSA were
excluded.

Arteries were divided into 43 segments, including aortic
arch (AA), brachiocephalic trunk artery (BTA), bilateral S1–
3 segments of SA, bilateral external carotid arteries (ECA) and
branches, bilateral CCA, bilateral bifurcation of CCA
(CCAbi), bilateral C1–7 segments of the ICA, bilateral
ACA, bilateral MCA, bilateral PCA, and bilateral V1–4 seg-
ments of the VA and BA [15]. AA, BTA, SA1–3, CCA,
CCAbi, ECA, C1, V1, and V2 belong to extracranial arteries.
C2–7, V3–4, BA, ACA, MCA, and PCA belong to intracra-
nial arteries.

The presence of steno-occlusive disease in arteries was
calculated according to the North American Symptomatic
Carotid Endarterectomy Trial criteria and categorized into
mild (<50%), moderate (50–69%), severe stenosis (70–
99%), and complete occlusion (100%) [16, 17]. The accuracy,
sensibility, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of the 70- and 100-kVp
groups were calculated.

Statistical analysis

Statistical analysis was performed using SPSS software (IBM
SPSS, version 17, SPSS Inc. Chicago, IL, USA). Quantitative
variables were expressed as mean ± SD. Age, height, weight,
BMI, scan time, CT values, SD, SNR, CNR, and radiation
dose of the two protocols were compared using t test, after
normal distribution was proved by a Kolmogorov-Smirnov
test. The nonparametric Mann-Whitney test was used to ana-
lyze differences between qualitative image quality of the two
protocols. P values < 0.05 were considered to indicate statis-
tically significant differences.

Results

Patient population and radiation dose

Fifty-five patients met the inclusion criteria. Five patients
were ineligible because of moyamoya disease (n = 1), arterio-
venous fistula (n = 2), and intracranial clipping or coiling
(n = 2). Thus, 50 patients were included in the final analysis.
Group A included 23 men and 2 women with a mean age of
(64 ± 8). Group B included 21 men and 4 women with a mean
age of (62 ± 7). The mean estimated effective radiation dose of
group Awas 0.40 ± 0.03 mSv and was 56% lower than that of
group B (0.92 ± 0.08) mSv. Patient population and scan char-
acteristics are displayed in Table 1.

Quantitative image quality evaluation

In group A, 1 SA and 1 CCAbi with stent and 9 occluded
arteries (1SA, 6 V2, 2 MCA) were excluded. Therefore, 239
arteries underwent image quality evaluation. In group B, 1 SA
with stent and 16 occluded arteries (2 SA, 1 CCAbi, 8 V2, 3

Table 3 Qualitative image quality measurements between two groups

Group A Group B P value

SAcontra

Number 25 25

MIP 3.96 ± 0.20 4.00 ± 0.00 0.327

ACA

Number 24 25

MIP 3.80 ± 0.41 3.88 ± 0.33 0.445

MCA

Number 24 25

MIP 3.84 ± 0.37 3.92 ± 0.28 0.389

PCA

Number 25 25

MIP 3.80 ± 0.41 3.96 ± 0.20 0.094

CM residues

Number 25 25

MIP 1.76 ± 0.66 1.00 ± 0.00 <0.001

SAcontra subclavian artery contralateral to the side of injection, ACA ante-
rior cerebral artery, MCA middle cerebral artery, PCA posterior cerebral
artery, CM contrast medium, MIP maximum intensity projections

Table 4 Comparing diagnostic performance of the extracranial and
intracranial arterial stenoses with the 70-kVp group and DSA: vessel-
based analysis

CTA DSA

Extracranial
arterial stenosis

Mild
(0–
49)%

Moderate
(50–69)%

Severe
(70–
99)%

Occluded
(100)%

Mild (0–49)% 70 (76) 0 (0) 0 (1) 0 (0) 70 (77)

Moderate
(50–69)%

0 (8) 2 (2) 0 (0) 0 (0) 2 (10)

Severe
(70–99)%

0 (1) 0 (1) 4 (0) 0 (0) 4 (2)

Occluded
(100)%

0 (0) 0 (0) 0 (0) 1 (0) 1 (0)

70 (85) 2 (3) 4 (1) 1 (0) 77 (89)

Values given in parenthesis are results of intracranial arterial stenosis
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MCA, 2 BA) were excluded. Therefore, 233 arteries
underwent image quality evaluation.

All the arteries had attenuation > 200 HU in group A and
group B. The CTattenuation of AA in group Awas lower than
that of group B (P = 0.002). The SDs of AA and CCAbi in
group A were lower than those in group B (P < 0.05). The
SNRs of SA, CCAbi, V2, and MCA in group Awere higher
than those in group B (P < 0.05). The CNRs of SA, CCAbi,
and V2 in group A were higher than those in group B
(P < 0.05). The other quantitative values of group A and group
B were not significantly different (P > 0.05) (Table 2).

Qualitative image quality evaluation

Except 1 occluded ACA and 1 occluded MCA, 98 arteries
underwent qualitative image quality evaluation in group A
and all of them had a score ≥ 3. Except 1 occluded SA, 99
arteries underwent qualitative image quality evaluation in
group B and all of them (100%) had a score ≥ 3. There was
no significant difference between group A and group B
(P > 0.05) (Table 3).

When evaluating the CM residues, 16 of 25 (60%) patients
had scores of 2 (n = 13) and 3 (n = 3) in group A, and all the 25

patients (100%) had a score of 1 in group B. The image quality
of CM residues of group A was better than that of group B
(P < 0.001) (Table 3).

Diagnostic accuracy of stenosis

With invasive DSA results as reference, 70- and 100-kVp
CTA were assessed both by patient-based and vessel-based
intracranial and extracranial analyses of arterial stenosis.
DSAwas performed in 9 patients (n = 5 for the 70-kVp group,
n = 4 for the 100-kVp group) and 306 arterial segments
(n = 167 for the 70-kVp group, n = 139 for the 100-kVp
group) in this study. It is expected that each of the two groups
had one arterial segment with stent, therefore 166 of the 70-
kVp group (77 extracranial arterial segments, 89 intracranial
arterial segments) and 138 of the 100-kVp group (68 extracra-
nial arterial segments, 70 intracranial arterial segments)
underwent stenosis evaluation (Tables 4 and 5).

Patient-based 70- and 100-kVp CTA results are shown in
Table 6. Excellent PPVand NPVof 70 kVp were noted 100%
(4/4) and 100% (1/1) for ≥ 50% arterial stenosis. Excellent
PPV and NPV of 100 kVp were also noted 100% (3/3) and
100% (1/1) for ≥ 50% arterial stenosis.

Vessel-based 70- and 100-kVp CTA results are shown in
Table 7. The accuracy, sensibility, specificity, PPV, and NPV
of the 70-kVp group were noted as 94.0% (156/166), 91%
(10/11), 94.2% (146/155), 52.6% (10/19), and 99.3% (146/
147) for ≥ 50% stenosis and 98.2% (163/166), 83.3% (5/6),
98.8% (158/160), 71.4% (5/7), and 99.4% (158/159) for ≥
70% stenosis (Figs. 3 and 4).

The accuracy, sensibility, specificity, PPV, and NPVof the
100-kVp group were noted as 97.1% (134/138), 91.6% (11/
12), 97.6% (123/126), 78.6% (11/14), and 99.1% (123/124)
for ≥ 50% stenosis and 97.1% (134/138), 76.9% (10/13),
99.2% (124/125), 91% (10/11), and 97.6% (124/127) for ≥
70% stenosis (Fig. 5).

Excellent PPVof 70-kVp CTAwas noted as 100% (7/7) for
≥ 50% extracranial arterial stenosis, while poor PPV was not-
ed as 25% (3/12) for intracranial arterial stenosis. Excellent
NPVs of 70-kVp CTAwere noted as 100% (70/77) and 98.7%
(76/77) for both extracranial and intracranial ≥ 50% arterial

Table 5 Comparing diagnostic performance of the extracranial and
intracranial arterial stenoses with the 100-kVp group and DSA: vessel-
based analysis

CTA DSA

Extracranial
arterial stenosis

Mild
(0–
49)%

Moderate
(50–69)%

Severe
(70–
99)%

Occluded
(100)%

Mild (0–49)% 59 (64) 1 (0) 0 (0) 0 (0) 60 (64)

Moderate
(50–69)%

0 (2) 1 (0) 0 (0) 0 (0) 1 (2)

Severe
(70–99)%

1 (0) 0 (0) 1 (0) 0 (0) 2 (0)

Occluded
(100)%

0 (0) 0 (0) 0 (0) 5 (4) 5 (4)

60 (66) 2 (0) 1 (0) 5 (4) 68 (70)

Values given in parenthesis are results of intracranial arterial stenosis

Table 6 70-kVp and 100-kVp CTA results: patient-based analysis

DSA Total DSA Total

70-kVp CTA ≥50% <50% 70-kVp CTA ≥70% <70%

≥50% 4 (3) 0 (0) 4 (3) ≥70% 2 (2) 1 (1) 3 (3)

<50% 0 (0) 1 (1) 1 (1) <70% 1 (0) 1 (1) 2 (1)

Total 4 (3) 1 (1) 5 (4) 3 (2) 2 (2) 5 (4)

Values given in parenthesis are 100-kVp CTA results
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stenosis. The diagnostic accuracy of extracranial arterial ste-
nosis in 70-kVp CTA was higher than that of 100-kVp CTA
(77 of 77, 100% vs 66 of 68, 97.0%). The diagnostic accuracy
of intracranial arterial stenosis in 70-kVp CTAwas lower than
that of 100-kVp CTA (79 of 89, 88.8% vs 68 of 70, 97.1%).

Discussion

In this study, we confirmed that for patients with body weight
lower than 75 kg, 70 kVp improved arterial enhancement and
maintained 100% optimal enhancement, and subjective image
quality reduces the volume of CM by 37.5% and lowers the
effective dose by 56%, compared with the 100-kVp protocol.

Low tube voltage acquisition CT has been widely in-
vestigated in different body regions as a technique to re-
duce radiation exposure. May et al. showed an equivalent
good image quality in 100 kV contrast-enhanced neck CT
on a second-generation DSCT using automated tube volt-
age adaptation compared to standard 120 kV examination
[18]. Scholtz et al. demonstrated that third-generation
DSCT allows tube voltage selection in steps of 10 kV

between 70 and 150 kV compared to steps of 20 kV be-
tween 80 and 140 kV with second-generation DSCT in
contrast-enhanced neck CT [19]. In previous studies,
100-kVp setting had been demonstrated feasible to cere-
bral CTA. Luo et al. [20] reported that 100 kVp combined
with 30 mL CM with 300 mg iodine/mL had the mean
attenuation of enhanced intracranial arteries varied from
294 to 337 HU and the radiation dose was decreased by
45%, compared with the 120-kVp setting. In our study,
the mean arterial attenuation was 434 HU in the 100-kVp
protocol when 40 mL CM with 370 mg iodine/mL was
administered. All the arterial subjective image quality in
the two body weight groups had a score ≥ 3 with the 100-
kVp setting. Furthermore, the average CTDIvol and DLP
of 100 kVp were 1.94 mGy and 178.6 mGy cm with the
scan range covering the head and neck, which was ex-
tremely lower than the previous study (14.4 mGy and
286 mGy cm) with scan range just covering the cerebral
arteries [20]. Therefore, 100 kVp with 40 mL CM could
be recommended as the routine protocol of head and neck
CTA for unselected patients with body weight lower than
75 kg, when using the third-generation dual source CT.

Table 7 70-kVp and 100-kVp CTA results: vessel-based analysis

DSA Total DSA Total

70-kVp CTA ≥50% <50% 70-kVp CTA ≥70% <70%

≥50% 10 (11) 9 (3) 19 (14) ≥70% 5 (10) 2 (1) 7 (11)

<50% 1 (1) 146 (123) 147 (124) <70% 1 (3) 158 (124) 159 (127)

Total 11 (12) 155 (126) 166 (138) 6 (13) 160 (125) 166 (138)

Values given in parenthesis are 100-kVp CTA results

Fig. 3 One 56-year-old male of
the left bifurcation of common
carotid artery (CCAbi) without
stenosis in the 70-kVp group. a
Maximum intensity projection
image shows nonstenosis of left
CCAbi (arrow). b Digital
subtraction angiography confirms
it (arrow)
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Thus, we used the 100-kVp setting as the control group
also as a clinical routine in our department.

Compared with the 100-kVp protocol, the 70-kVp setting
further reduced the radiation dose. Several studies showed that
tube voltage lower than 100 kVp can effectively reduce the
radiation dose while maintaining diagnostic image quality.
Luo et al. [20] found that when the tube voltage was reduced
from 100 to 80 kVp on the first dual-source CT system
(Somatom Definition, Siemens Healthineers, Forchheim,
Germany), the radiation dose decreased by 50%. Chen et al.
[7] found that when the tube voltage was reduced from 120 to
70 kVp on the second dual-source CT system (Somatom
Definition Flash, Siemens Healthineers, Forchheim,
Germany), the radiation dose decreased by 85%. We demon-
strated that when the tube voltage was reduced from 100

to70 kVp on the third dual-source CT system, the radiation
dose decreased by 56%.What is more, as well as we know, the
70-kVp setting is not used for CTA combining the head and
neck, because of the potential obvious artifact in the shoulder
area. The 70-kVp setting in the study of Chen et al. was used
for intracranial CTA and DLP was 118 mGy cm. In our study,
70-kVp setting was used for both head and neck area, and
DLP was 84.2 mGy cm.

Lowering tube voltage can significantly increase in-
travascular CT attenuation. This is due to the character-
istic absorption spectrum of iodine with markedly higher
attenuation at lower photon energies, where the X-ray
energy approaches the K-edge of iodine [5]. Chen et al.
[7] demonstrated that 30 mL (300 mg I/mL, total iodine
load of 9 g) of iodinated contrast agent allowed

Fig. 4 One 56-year-old male of
the false-negative severe stenosis
of the right middle cerebral artery
(MCA) in the 70-kVp group. a
Maximum intensity projection
image shows mild stenosis of
right MCA (arrow). b Digital
subtraction angiography shows
severe stenosis (arrow)

Fig. 5 One 66-year-old female with true-positive severe stenosis of the
left internal carotid artery (ICA) in the 100-kVp group. a Curved
multiplanar projection reconstruction shows severe stenosis of the left

ICA (arrow). b Maximum intensity projection shows obvious
calcification which affects the observation of lumen (arrow). c Digital
subtraction angiography confirms the stenosis (arrow)
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satisfactory diagnostic image quality of cerebral arteries
using the 70-kVp setting. In our study, a total of 9.25 g
iodine (25 mL, 370 mg I/mL) for body weight lower
than 75 kg using the 70-kVp setting and satisfactory
image quality was obtained. Compared with the 100-
kVp CTA protocol, our results suggested that head and
neck CTA protocol can thus reduce the contrast agent
volume by nearly half with 70 kVp.

Iterative reconstruction (IR) can substantially improve im-
age quality by reducing image noise, compared with tradition-
al FBP. SNR and CNR are more comprehensive measures of
radiological image quality than signal intensity and contrast
alone. In the third-generation dual-source CT system, the new
IR technique, ADMIRE, performs detailed modeling in the
projection data domain, resulting in less noise [21]. Scholtz
et al. demonstrated that subjective image quality and image
contrast of ADMIRE 3 and 5 were consistently rated better
than those for filtered backprojection (all P < 0.001) for
contrast-enhanced neck CT [21]. Therefore, we chose
ADMIRE 3 for the 70-kVp protocols, and image noise was
comparable or improved compared with 100 kVp. Combined
with increased vessel opacification in image sets with lower
kVp, the SNR and CNR of 70 kVp were also equal or higher
than those of 100 kVp.

Objective image quality showed score of 3 or 4 for all
patients in the 70- and 100-kVp groups (Fig. 1 and Table 3).
There is no image with scores of 1 and 2 in this study.
Therefore, the image quality was optimal for both the 70-
and 100-kVp groups.

To synchronize data acquisition with optimal arterial
enhancement, it has been recommended that scan direc-
tion during CTA should be in the direction of the con-
trast medium flow; however, with modern technology
and faster scan times, changes in scan direction no lon-
ger compromise vascular attenuation. Several studies
have been recommended that scan direction which is
contrary to contrast medium flow during CTA with low-
er contrast volume will improve the vascular attenuation
[22, 23]. For head and neck CTA, craudocranial scan
direction is the direction of contrast flow; therefore, it
was used for the 100-kVp group with longer scan time
and more contrast volume, while craniocaudal scan di-
rection was used for the 70-kVp group with shorter
scan time and fewer contrast volume. Our study dem-
onstrated that the 70-kVp group has comparable or
higher arterial attenuation than the 100-kVp group.

In the subgroup of patients with a clinically indicated DSA
available as the reference standard, we further found that both
70- and 100-kVp CTA had high diagnostic accuracy and ex-
cellent NPV for ≥ 50 and ≥ 70% arterial stenosis. The diag-
nostic accuracy of 70-kVp CTA for intracranial arterial steno-
sis was lower than that of extracranial arterial stenosis. It was
because one patient’s internal carotid artery with severe

calcification in CTA showed more severe stenosis than
DSA. Therefore, the diagnostic accuracy of 70-kVp CTA im-
proved when using patient-based analysis. Taken together,
these findings indicated that head and neck CTA at 70 kVp
is feasible using 25 mL of contrast media volume and can be
safely used in clinical routine and might be used as a screening
method before DSA.

Our study has several limitations. Firstly, only a subgroup
of patients underwent DSA examinations and few of them
received 3D DSA, which induced to the inadequate assess-
ment of stenosis for some patients. Secondly, only a few pa-
tients received DSA; therefore, the PPV of both 70 and
100 kVp was lower based on vessel analysis and higher based
on patient analysis. Studies with a larger cohort need to be
performed to confirm our findings regarding the diagnostic
accuracy. Thirdly, we did not evaluate the different
ADMIRE strength settings, to determine whether the higher
ADMIRE strength will improve the image quality further.

In conclusion, the results of our study demonstrate that
head and neck CTA at 70 kVp is feasible with CM volume
reduced to 25 mL when patients’ body weight was lower than
75 kg. Image quality and diagnostic accuracy can be obtained
using this Bdouble low^ CTA technique.
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