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Advantages of 70-kV CT Angiography for the Visualization of
the Adamkiewicz Artery: Comparison with 120-kV Imaging

S. Shimoyama, ““'T. Nishii, Y. Watanabe, ““ A K. Kono, ““K. Kagawa, “*'S. Takahashi, and “*K. Sugimura

ABSTRACT

BACKGROUND AND PURPOSE: Preprocedural identification of the Adamkiewicz artery is crucial in patients with aortic diseases. This
study aimed to compare 70-kV CTA with conventional 120-kV CTA for the identification of the Adamkiewicz artery, examining differences
in radiation dose and image quality.

MATERIALS AND METHODS: We retrospectively analyzed 2 equal groups of 60 patients who had undergone 70-kV or 120-kV CTA to
detect the Adamkiewicz artery before aortic repair. Size-specific dose estimate, the CT number of the aorta, and the contrast-to-noise
ratio of the anterior spinal artery to the spinal cord were recorded. Furthermore, detectability of the Adamkiewicz artery was evaluated
by using a 4-point continuity score (3, definite to 0, undetectable).

RESULTS: There was significantly lower radiation exposure with 70-kV CTA than 120-kV CTA (median size-specific dose estimate, 23.1
versus 61.3 mGy, respectively; P < .001). CT number and contrast-to-noise ratio were both significantly higher in the 70-kV CTA group than
the 120-kV group (999.1 HU compared with 508.7 HU, and 5.6 compared with 3.4, respectively; P < .001 for both). Detectability of the
Adamkiewicz artery was not impaired in the 70-kV CTA group (90.0% versus 83.3% in the 120-kV group, P = .28). Moreover, the Adamkie-
wicz artery was detected with greater confidence with 70-kV CTA, reflected by a significantly superior continuity score (median, 3)
compared with 120-kV CTA (median, 2; P = .001).

CONCLUSIONS: Seventy-kilovolt CTA has substantial advantages for the identification of the Adamkiewicz artery before aortic repair,
with a significantly lower radiation exposure and superior image quality than 120-kV CTA.

ABBREVIATIONS: AKA = Adamkiewicz artery; ASA = anterior spinal artery; CSA = critical segmental artery; CNR = contrast-to-noise ratio; CTDI, = volume CT

dose index; IQR = interquartile range; SSDE = size-specific dose estimate

pinal cord ischemia is a serious complication of surgical and

endovascular stent-graft repair of thoracic or thoracoabdomi-
nal aortic aneurysms and aortic dissection.' Preservation of spinal
cord blood supply, especially from the Adamkiewicz artery (AKA)
and its tributary the critical segmental artery (CSA) during the
procedure is mandatory to prevent neurologic complications.>”
Thus, accurate preprocedural knowledge of the anatomy of the
AKA and CSA is crucial, particularly in surgical repair.”*

Recently, CTA has been used for noninvasive identification of
the AKA>® in place of invasive selective spinal angiography. How-
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ever, the anatomic features of the AKA—a small vessel sur-
rounded by osseous structures—may frequently be obscured in
the contrast-to-noise ratio (CNR) of the spinal vasculature.” A
higher contrast-to-noise ratio in spinal CTA has previously been
achieved with a high tube current—time product with a slow rota-
tion speed and a small helical pitch to reduce image noise,® and
CTA with intra-arterial injection has been used to increase the
contrast of the vessel.”*'® Consequently, the detection rate of the
AKA has been improved to 85%-100%"%'°"'?; however, these
techniques require either high radiation exposure or the insertion
of a pigtail catheter into the pathologic aorta.”

Seventy-kilovolt CT can substantially increase vascular iodine
enhancement compared with conventional 120-kV imaging be-
cause the effective photon energy achieved with a 70-kV scan lies
in the range of maximum absorption close to the K-edge of iodine
(33.2 keV)."*'* The mean CT number in the aorta with 70-kV
CTA is reported to be approximately 700 HU, even with intrave-
nous injection,'* which approaches the attenuation in the aorta
with intra-arterial injection in 120-kV imaging.” Moreover, radi-
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FIG 1. The AKA was identified according to the following stepwise approach: 1) detect the
hairpin vessel; 2) assess the continuity of the vessel to the aorta mainly around the pedicle of the
vertebral arch (white arrows) as definite (a), conceivable (b), equivocal (c), or undetectable; 3)
check the washout from the early-to-late arterial phase (white arrowhead), because vessels
that are more prominent in the late arterial phase are likely to be veins (black arrowhead); and
4) sum the scores. We defined positive identification of the AKA as a total score of =3.

ation exposure is significantly reduced with lower voltage scan-
ning.'*"'® We hypothesized that 70-kV CTA would be associated
with superior AKA visualization, with high vessel attenuation and
lower radiation exposure. The aim of this study was to compare
70-kV CTA with conventional 120-kV imaging for the identifica-
tion of the AKA and the CSA regarding the radiation dose and
qualitative and quantitative image quality.

MATERIALS AND METHODS

Ethics

Our institutional review board of Kobe University Hospital ap-
proved this retrospective study; the requirement for written, in-
formed consent was waived because of its design. All patient re-
cords and information were anonymized before analysis.

Study Population

A total of 185 consecutive subjects who underwent CTA to detect
the AKA between January 2014 and September 2016 were en-
rolled in this study. Subjects who had a history of aortic repair,
spinal arteriovenous fistula, or vertebral or spinal tumor were
excluded. Ultimately, we included 120 patients (median age, 69
years; range, 28— 85 years; 25.8% women) who underwent CTA to
detect the AKA before aortic repair. Because we changed scan
mode in January 2015 when a new CT scanner was installed, CTA
was performed with a 120-kV scanner in the first 60 subjects and
a 70-kV scanner in next 60 subjects.
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Data Acquisition
Seventy-kilovolt CTA was performed on a
192-section dual-source CT scanner (So-
matom Force; Siemens, Erlangen, Ger-
many). Dual-power scan mode was ap-
plied with the following parameters:
128 X 0.6 mm detector configuration, 0.5
seconds per rotation, 0.45 pitch, 1170-mA
tube current, and 1300-mAs effective tube
: score 3 current-time product. In dual-power
scan mode, the total radiation is divided
equally between each x-ray tube, and the
- score 1 data from each detector are summed."”

- score 0 Thus, the maximum photon flux is ex-
pected to double, and because of the re-
duction in load on the x-ray tube, we
achieved high tube current with a long
scan range. One hundred twenty-kilovolt
- score 1 CTA was performed on a 64- or a 320-
section multidetector CT scanner (Aquil-
ion 64 or Aquilion ONE; Toshiba Medical
Systems, Tokyo, Japan). The scanning pa-
rameters used were like those in previous
reports®'>'® and were as follows: 64-sec-
tion helical scan mode, 64 X 0.5 mm de-
tector configuration, 0.5 seconds per ro-
tation, 0.64 pitch, 400-mA tube current,
and 312.5-mAs effective tube current—
time product. The scan range extended
from the thoracic inlet to the lesser tro-

chanter of the hip.

Injection Protocol and Scan Timing

Topamidol 370 mg I/mL (Iopamiron 370; Bayer Yakuhin, Osaka,
Japan) was administered through a 20-ga intravenous catheter
placed in the right antecubital vein at 5 mL/s, followed by a 30-mL
physiologic saline flush at the same rate using a dual-head power
injector (Dual Shot GX 7; Nemoto Kyorindo, Tokyo, Japan). Scan
timing was set as the peak timing in the true lumen of the descend-
ing aorta, which was determined by the timing-bolus method in
70-kV CTA, and by the bolus-tracking method in 120-kV CTA.
This technical limitation meant that the ROI could not be moved
simultaneously during acquisition of the time-intensity curve in
the ROI in the 192-section dual-source CT scanner. For the tim-
ing-bolus method, 10 mL of contrast material followed by a
20-mL physiologic saline flush was injected at 5 mL/s, respec-
tively. Timing-bolus scanning was started 10 seconds after the
start of injection. The peak time of the CT number in the ROI
placed in the true lumen of the descending aorta at the level of the
tenth thoracic vertebra was obtained with console software
(DynEva, syngo VA50A; Siemens). The 70-kV scan was then
started 10 seconds after the peak time. In the bolus-tracking
method, the ROI was placed in the descending aorta at the level of
the sixth thoracic vertebra, and the trigger threshold was set at 200
HU. The 120-kV scan was automatically started 5 seconds after
the trigger. The volume of contrast material used for CTA in the
70- and 120-kV scans was 90 and 100 mL, respectively. The scans



FIG 2. The ROIs placed for measuring CT numbers are shown in a coronal image of the ASA (A),
a sagittal image of the ASA (B), an axial image of the spinal cord (C), and a sagittal image of the
vertebral bone cortex around the vertebral foramen at the AKA (white arrow) running level (D).

were repeated to obtain images in the early and late arterial
phases. The scan of the late arterial phase was obtained approxi-
mately 10 seconds after the end of the first phase, to evaluate the
washout of contrast material in the vessels to distinguish the AKA
from the similar hairpin-shaped radiculomedullary vein,” be-
cause vessels that are more prominent in the late phase are likely
to be veins.

Image Reconstruction

Seventy-kilovolt CTA image data were reconstructed in the axial
plane with 0.6-mm thickness, 0.6-mm interval, 200-mm FOV,
and a vascular convolution kernel (Bv44) with Advanced Mod-
eled Iterative Reconstruction (Siemens) with strength level 3. One
hundred twenty-kilovolt CTA image data were reconstructed in
the axial plane with 0.5-mm thickness, 0.5-mm reconstruction
interval, and 200-mm FOV using a soft-tissue convolution kernel
(FC13) with the filter back-projection method. The assignable
values of both protocols were set as the parameters of reconstruc-
tion. Image data were then transferred to a workstation (Ziosta-
tion 2, Version 2.4.2.3; Ziosoft, Tokyo, Japan) for further pro-
cessing and analysis. Curved coronal multiplanar reformatted
images (1.0-mm thickness at 1.0-mm intervals) fitted to the
curvature of the spinal cord in the early and late arterial phases
were obtained."’

Radiation Dose Metrics

The volume CT dose index (CTDI,,;) and
the dose-length product reported by the
scanner after imaging of a 32-cm phan-
tom were recorded. The size-specific dose
estimate (SSDE) was calculated by multi-
plying the CTDI
based on the effective diameter,”® which

by a conversion factor

vol

was measured using the lateral diameter
of the upper abdomen on the standard
posterior-anterior CT radiograph.

Qualitative Image Analysis
To assess performance for identifying the
AKA, we initially evaluated the image da-
tasets with the 2 scan modes in a consen-
sus reading by 2 board-certified diagnos-
tic radiologists (T.N. with 10 years of
experience and A.K.K. with 15 years of ex-
perience), who were unaware of the iden-
tity of subjects and CTA protocols. The
AKA was identified with a stepwise ap-
proach and a 6-point scoring system (Fig
1), modified from a previously published
report.® First, we sought the “hairpin ves-
sel” and assessed it as detectable or unde-
tectable (score 1 or 0, respectively). Sec-
ond, we assessed continuity to the aorta as
definite, conceivable, equivocal, or unde-
tectable (score 3, 2, 1, or 0, respectively).
We carefully evaluated the presence of the
collateral pathway from the aorta. Third,
we evaluated the washout of the attenua-
tion of the vessel from the early-to-late arterial phase (score 1 or 0).
Finally, we summed the scores and defined positive identification of
the vessel as the AKA when the total score was =3. Furthermore, the
artery connecting the aorta to the AKA was defined as the CSA. The
origin level and the side of the AKA and the CSA were recorded.
The results of the consensus image interpretation by 2 board-
certified diagnostic radiologists were determined to be the refer-
ence standard for following analyses. To assess the reproducibility
of CSA identification in both imaging protocols, 2 radiologists
who were unaware of the identity of subjects and CTA protocols
evaluated images independently (observer A, T.N., =2 months
after the first consensus reading, which was judged to be accept-
able to minimize the influence of the first review; observer B, S.S.,
with 6 years of experience).

Quantitative Image Analysis

For the quantitative image analyses, a cardiovascular radiologist
(S.S., observer B) unaware of the scan protocols evaluated the
following measurements: Mean CT number and SD of the aorta
were calculated from the measurement with the circular ROIs
placed at the fifth, eighth, and twelfth thoracic vertebrae and the
third lumbar vertebra.'® The ROIs were drawn to include as much
vessel lumina as possible, while avoiding areas of artifacts and
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calcification. Furthermore, for subjects in whom the AKA had
been identified with the previous consensus reading, we per-
formed the following measurement: Because it was difficult to
measure the CT number of the AKA accurately due to its small
diameter and tortuous route, the CT number of the anterior spi-
nal artery (ASA) was used as an indicator.?' The mean CT num-
ber of the ASA was obtained from the mean of the measured CT
number on a sagittal and a coronal multiplanar reformation
adjusted to the ASA course along the length of 1 vertebral body
(Fig 2). Furthermore, the mean CT number and SD of the
spinal cord were calculated from measurements at 3 positions
in the spinal cord in the axial plane (top, middle, and bottom
level of the previously set ROI for the ASA, Fig 2). The mean CT
number of the bone cortex of the vertebral body was calculated
from the measurement of the cortex around the right and left
intervertebral foramina at the AKA running level (Fig 2). The
SNR and CNRs were calculated with the following equations:

Mean CT Number of the Aorta
SD of the Aorta ?

SNRAm'Ia =

Mean CT Number of the ASA
— Mean CT Number of the Spinal Cord

SD of the Spinal Cord ’

CNRysa-cora =

Mean CT Number of the Bone Cortex
— Mean CT Number of the ASA

SD of the Spinal Cord

CNRysa-Bone =

Statistical Analysis

Continuous variables are expressed as the mean = SD or median and
interquartile range (IQR). Categoric variables are expressed as pro-
portions. To evaluate differences between 70- and 120-kV CTA, we
used the Welch t test for body mass index, mean CT number of the
aorta, SNR, ..., mean CT number of the ASA, SD of the spinal cord,
CNRpga-corar and CNRygp_pone- The Wilcoxon test was used to
SSDE, and dose-length product. The x* test
was used to evaluate differences in AKA detection rates, CSA loca-

compare age, CTDI,,
tion, presence of the collateral pathway, aortic disease (aneurysm
versus dissection), and sex. The Cochran-Armitage test was used to
evaluate differences between the scores.

Diagnostic accuracy and the Cohen k for agreement were eval-
uated by comparing the side and level of the CSA interpreted by 2
independent observers against the reference standard. We also
assessed the effect of the presence of the collateral pathway to the
AKA on diagnostic accuracy.

For statistical analysis, commercially available (JMP 13.0; SAS In-
stitute, Cary, North Carolina) and open-source (R statistical and
computing software; http://www.r-project.org/) programs were
used. For all analyses, P << .05 indicated statistical significance.

RESULTS

Subject Characteristics and Radiation Metrics

There was no significant difference in the demographic or clinical
characteristics of subjects undergoing each of the imaging proto-
cols (Table 1). No adverse events during CT were noted in the
medical records. Radiation metrics for 1 phase were significantly
reduced in 70-kV compared with 120-kV CTA (CTDI,,, median,
16.2 mGy [IQR, 16.2-16.2 mGy] versus 47.1 mGy [IQR, 42.3—-
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Table 1: Subject demographic and clinical characteristics

120-kV 70-kv P
Variables (n=60) (n=60) Value
Age (yr) 81
Mean 69 69
Range 57.0-76.3  54.8-76.0
Sex .83
Male (No.) 44 45
Female (No.) 16 15
Mean body mass index (kg/m?) 237 +33 232*36 48
Aortic disorder 46
Aneurysm (No.) 35 31
Dissection (No.) 25 29
100 4500
0 4000
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FIG 3. Box range shows the first and third quartiles; whisker range,
from the 5th to 95th percentiles. Seventy-kilovolt CTA yields signifi-
cantly lower SSDE (A) and dose-length product (B) than 120-kV CTA
(P < .001 for both).
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FIG 4. Distribution of the side and level of the CSA to the AKA is
shown. Two cases in which the CSA and the AKA were supplied by the
axillary artery were described as “other.”

47.1 mGy]; SSDE median, 23.1 mGy [IQR, 21.1-25.1 mGy] com-
pared with 61.3 mGy [IQR, 57.5-68.3 mGy]; dose-length prod-
uct, 1147 mGy X cm [IQR, 1107-1211 mGy X c¢m] compared
with 3293 mGy X cm [IQR, 3093-3487 mGy X cm], respectively;
P < .001 for all analyses) (Fig 3).

Identification of the AKA/CSA

The AKA was identified in 104 of 120 subjects (86.7%). We iden-
tified 108 AKAs because there were 2 or 3 AKAs in 3 patients. The
CSA originated from a left segmental artery in 66.7% (72/108)
and at the level of the eighth intercostal artery to the first lumbar
artery in 86.1% (93/108) (Fig 4). A collateral pathway was found
in 26 of 120 subjects (21.7%), 13 in each group (Table 2).



Continuity and total scores for 70-kV CTA were significantly
superior to those in 120-kV CTA (P = .001 and 0.009, respec-
tively; Fig 5); however, the detection rate was not significantly

Table 2. Results of consensus interpretation of the critical
segmental artery

Variables 120-kV 70-kV P Value
Detection of collateral 13(21.7) 13(21.7) 1.00
pathway (No.) (%)
Detection of critical segmental ~ 50(83.3)  54(90.0) 28
artery (No.) (%)
100% 100%
80% e 80% ' e
o
8 60% o
2] o
2 3
E ks
g 40% - 2
o
[$)
20%
0% 0% -
120-kV 70-kV 120-kV 70-kV
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FIG 5. Seventy-kilovolt CTA yielded significantly higher scores than
120-kV CTA. A, Continuity score, median 3 (interquartile range, 2-3)
compared with 2 (interquartile range, 1-3), respectively. B, Total score,
median 5 (interquartile range, 4-5), compared with 4 (interquartile
range, 3-5), respectively (P < .05 for both).

Table 3: Accuracy of interpretation of the critical segmental
artery

Variables 120-kv 70-kV P Value

Accuracy in all subjects

Observer A 833 95.0 .035%

Observer B 833 933 .084
Accuracy in subjects with

a collateral pathway
Observer A 615 100 .004°
Observer B 30.8 69.2 .047%

@ Statistically significant.

FIG 6. A, Curved multiplanar reformatted image of a 77-year-old woman scanned with a 120-kV
protocol shows definite continuity between the AKA and the segmental artery. B, Curved
multiplanar reformatted image of a 68-year-old man scanned with a 70-kV protocol shows
clearer visualization of the AKA and the segmental artery from the aorta. Window center and
width were set at 200 and 800.

higher (90.0% versus 83.3%, respectively; P = .28) (Table 2). The
difference in detectability between 70- and 120-kV CTA was
+6.6% (90% CI, —3.9% to +16.8%). For accuracy of detection of
the correct CSA, 70-kV CTA was significantly more accurate than
120-kV CTA for observer A (P = .035), but it was not significantly
different for observer B (P = .084, Table 3). For detection of the
presence of a collateral pathway, 70-kV CTA showed significantly
higher accuracy for both observers (P = .004 for observer A and
.047 for observer B). The Cohen « for agreement between observ-
ers A and B and the reference standard was as follows: 0.81 (95%
CL, 0.71-0.92) and 0.81 (95% CI, 0.70—0.92) for 120-kV CTA and
0.94 (95% CI, 0.88—-1.00) and 0.92 (95% CI, 0.85-1.00) for 70-kV
CTA, respectively. Representative CTA images with the highest
continuity score in both protocols are presented in Fig 6.

Quantitative Image-Quality Analysis

Seventy-kilovolt CTA achieved a significantly higher mean CT
number in the aorta and SNR,,,, than 120-kV CTA (mean CT
number, 999.1 * 187.3 HU compared with 508.7 = 96.5 HU;
SNR ;o> 51.0 = 11.0 HU compared with 28.8 * 9.2 HU, respec-
tively; P < .001 for both) (Fig 7). In 70-kV CTA, the CT numbers
of the ASA, spinal cord, and bone cortex were significantly higher;
however, there was no significant difference in the SD of the spinal
cord (Table 4). Consequently, CNR g cora ad CNR g4 pone
were both significantly superior with 70-kV CTA than with
120-kV CTA (P < .001 for both, Table 4).

DISCUSSION

We found that 70-kV CTA has substantial advantages over
120-kV CTA for the detection of the AKA. With 70-kV CTA, a
66% reduction of the radiation dose (mean CTDI,, 16.2 mGy),
while fulfilling the diagnostic reference level for chest or abdom-
inal CT (21-25 mGy)>* was possible without impairing the detec-
tion rate of the AKA and the CSA. Moreover, 70-kV CTA yielded
significantly higher continuity and total scores and quantitative
image-quality metrics, such as CT number of vessels, SNRs, and
CNRs.

The use of the 70-kV scanning technique for cervical vascular
CT has been reported before*’; however,
its utility is thought to be limited by im-
age noise and artifacts. Image noise de-
pends on photon flux, which, in turn, is
dependent on tube current and voltage.**
Because decreasing the tube voltage re-
duces photon flux, image noise would be
expected to be higher in a 70-kV scan, but
this can be addressed with the high tube
current provided by the dual-power scan
mode and an iterative reconstruction al-
gorithm.> Using 2 state-of-the-art CT
techniques, we were able to control image
noise while significantly reducing the ra-
diation dose compared with 120-kV
CTA, thereby also improving contrast
material enhancement to increase the
SNR, ;e @and CNRjga corg I 70-KV
CTA. Although the quality of images ob-
tained with 70-kV CT could theoretically

AINR Am J Neuroradiol 38:2399-405 Dec 2017  www.ajnr.org 2403



1400 70
1200~ 60
1000 R — 50
=)
L 800 o 40
3 s |
‘é o
600 Z 30
2 2]
5 L
400 20
200 10-
A° - B
120-kV 70-kV 120-kV 70-kV

FIG7. Seventy-kilovolt CTA yielded a significantly higher CT number
(A) and SNR .+, (B) than 120-kV CTA (P < .001 for both analyses).

Table 4: Results of quantitative image-quality analysis®

Variables 120-kV 70-kV P Value

Spinal cord

CT number (HU) 394 =71 54316  <.001°

SD (HU) 125+34 137 *+39 .059
Bone cortex around the

vertebral foramen

CT number (HU) 6574 1340 11061+ 2462 <.001°
Anterior spinal artery

CT number (HU) 787 =133 1277 +300  <.001°

CNR sp-cord 34+16 56+25 <.001°

CNRyen pone 503%17.0 759305  <.001

Note:—CNRy s corq indicates contrast-to-noise ratio of the anterior spinal artery to
the spinal cord; CNR s _gone: CONtrast-to-noise ratio of the anterior spinal artery to
bone cortex around the vertebral foramen.

?Data are presented as the mean =+ SD.

b Statistically significant.

be impaired by the presence of metal foreign bodies or stents or
streak artifacts from extensive contrast attenuation, we did not
observe any substantial diminution in image quality.

To identify the AKA, it is important to establish its continuity
with the aorta, because the anterior radiculomedullary vein is
similar in shape and size to the AKA and may run close to it.'>"®
When aortic disease has occluded the segmental arteries, it is nec-
essary to identify the collateral supply via the CSA at a different
vertebral level from the AKA.”*® The proximity between the AKA
(or the collateral supply from the CSA) and the vertebral bone
cortex makes the evaluation of continuity of the AKA or correct
identification of the CSA challenging and time-consuming in spi-
nal CTA.”” However, due to the improvement of CNR g4 pone i
70-kV CTA, the continuity score was significantly higher than with
120-kV CTA. The accuracy of detection of the CSA was also im-
proved in 70-kV CTA, especially when there was a collateral pathway
to the AKA. Use of the continuity and total scores to detect the CSA
allows surgical strategies for spinal protection to be identified with
confidence, potentially informing the choice to undertake segmental
artery reconstruction.”

Despite improvement in the continuity score, the AKA detec-
tion rate with 70-kV CTA was not significantly different from that
of 120-kV CTA. However, 85%-90% is considered the upper
limit of detectability of the AKA with CTA. Even in postmortem
studies, the AKA detection rate (of anterior radiculomedullary
arteries of =0.5-mm diameter) is reported to be 88%.>* Further-
more, the detection rate of selective spinal angiography in a co-
hort of 487 patients with aortic disease has been reported as
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86%,” and the combination of CTA and MR arteriography can
achieve a detection rate of 89%.'> The remaining 10%-15% of
individuals in whom the AKA is undetectable are thought to have
a greater number of smaller-caliber anterior radiculomedullary
arteries (<0.5-mm diameter), according to an inverse association
between the number and caliber of the anterior radiculomedul-
lary arteries contributing to entire spinal blood supply.’® Further
advances in spatial resolution with CT might address limitations
in visualization of the AKA; however, future studies should focus
on fine-tuning CTA protocols to reduce radiation exposure and
contrast material volume.

Our study had several limitations because of its single-center
retrospective design. First, differences among CT scanners, espe-
cially reconstruction methods and the detectors, may have af-
fected image quality. Nonetheless, image noise was not signifi-
cantly different between the 2 CTA techniques, and consequently,
we concluded that the higher vessel CT number of 70-kV CTA
made it superior for AKA visualization. Because the scan mode
was changed on installation of the new CT scanner at our institu-
tion, selection bias should also have been minimized. Second, we
used a reference standard for CSA detection of the consensus
interpretation of 2 specialists rather than conventional selective
spinal angiography. Because selective spinal angiography is asso-
ciated with complications in patients with aortic disease, we judge
that using it to identify the AKA for validation purposes would
not have been clinically or ethically acceptable.'”

Finally, because all our subjects were Asian, the contrast material
volume and usability of the low-kilovolt images may not be represen-
tative of those needed by subjects of other ethnicities or body sizes.
However, even in obese patients, the low-kilovolt scanning technique
can reportedly be successfully adapted by automated tube-voltage
selection.” Further study is required to establish the optimum tube-
voltage setting, radiation dose, and contrast material dose and injec-
tion rate to visualize the AKA according to body size.

CONCLUSIONS

Seventy-kilovolt CTA has substantial advantages over 120-kV
CTA for the identification of the blood supply to the spinal cord,
requiring a lower radiation dose but improving image quality suf-
ficiently to allow confident and correct interpretation of the AKA
and the CSA.

ACKNOWLEDGMENTS

The authors thank the following CT technologists for their sup-
port in image acquisition and processing: Tomoki Maebayashi,
Ryuji Shimada, Erina Suehiro, Wakiko Tani, Toshinori Sekitani.
and Noriyuki Negi.

Disclosures: Satoru Takahashi—UNRELATED: Grant: Siemens Healthcare*; Consult-
ing Fee or Honorarium: Siemens Healthcare, Comments: honorarium for lectures;
Support for Travel to Meetings for the Study or Other Purposes: Siemens
Healthcare, Comments: travel fee for the presentation at Siemens SOMATOM
World Summit meeting; Payment for Writing or Reviewing the Manuscript:
Siemens Healthcare; Payment for Lectures Including Service on Speakers Bu-
reaus: Siemens Healthcare, Philips Healthcare, Toshiba Medical Systems, GE
Healthcare, Bayer Yakuhin, Esai, Fujifilm Rl Pharma, Nihon Medi-physics, Daiichi San-
kyo, Fuiji Yakuhin, Astellas Pharma, AstraZeneca, Novartis International AG. *Money paid
to the institution.



REFERENCES

1.

Messé SR, Bavaria JE, Mullen M, et al. Neurologic outcomes from
high risk descending thoracic and thoracoabdominal aortic opera-
tions in the era of endovascular repair. Neurocrit Care 2008;9:
344-51 CrossRef Medline

. Jacobs MJ, de Mol BA, Elenbaas T, et al. Spinal cord blood supply in

patients with thoracoabdominal aortic aneurysms. | Vasc Surg
2002;35:30-37 Medline

. Kamada T, Yoshioka K, Tanaka R, et al. Strategy for thoracic endo-

vascular aortic repair based on collateral circulation to the artery of
Adamkiewicz. Surg Today 2016;46:1024-30 CrossRef Medline

. Tanaka H, Ogino H, Minatoya K, et al; Japanese Study of Spinal Cord

Protection in Descending and Thoracoabdominal Aortic Repair in-
vestigators. The impact of preoperative identification of the Adam-
kiewicz artery on descending and thoracoabdominal aortic repair.
] Thorac Cardiovasc Surg 2016;151:122-28 CrossRef Medline

. Kudo K, Terae S, Asano T, et al. Anterior spinal artery and artery of

Adamkiewicz detected by using multi-detector row CT. AJNR Am |
Neuroradiol 2003;24:13—17 Medline

. Takase K, Sawamura Y, Igarashi K, et al. Demonstration of the artery

of Adamkiewicz at multi-detector row helical CT. Radiology 2002;
223:39-45 CrossRef Medline

. Uotani K, Yamada N, Kono AK, et al. Preoperative visualization of

the artery of Adamkiewicz by intra-arterial CT angiography. AJNR
Am ] Neuroradiol 2008;29:314—-18 CrossRef Medline

. Nishii T, Kono AK, Negi N, et al. The feasibility of a 64-slice MDCT

for detection of the Adamkiewicz artery: comparison of the detec-
tion rate of intravenous injection CT angiography using a 64-slice
MDCT versus intra-arterial and intravenous injection CT angiog-
raphy using a 16-slice MDCT. Int | Cardiovasc Imaging 2013;
29(suppl 2):127-33 CrossRef Medline

. Nojiri J, Matsumoto K, Kato A, et al. The Adamkiewicz artery: dem-

onstration by intra-arterial computed tomographic angiography.
Eur ] Cardiothorac Surg 2007;31:249-55 CrossRef Medline

. Clarencon F, Di Maria F, Cormier E, et al. Comparison of intra-

aortic computed tomography angiography to conventional angiog-
raphy in the presurgical visualization of the Adamkiewicz artery:
first results in patients with thoracoabdominal aortic aneurysms.
Neuroradiology 2013;55:1379—87 CrossRef Medline

. Melissano G, Chiesa R. Advances in imaging of the spinal cord vascular

supply and its relationship with paraplegia after aortic interventions: a
review. Eur ] Vasc Endovasc Surg 2009;38:567—77 CrossRef Medline

. Takagi H, Ota H, Natsuaki Y, et al. Identifying the Adamkiewicz

artery using 3-T time-resolved magnetic resonance angiography:
its role in addition to multidetector computed tomography angiog-
raphy. Jpn ] Radiol 2015;33:749—-56 CrossRef Medline

. Lell MM, Jost G, Korporaal JG, et al. Optimizing contrast media

injection protocols in state-of-the art computed tomographic an-
giography. Invest Radiol 2015;50:161—-67 CrossRef Medline

. Meyer M, Haubenreisser H, Schoepf UJ, et al. Closing in on the K

edge: coronary CT angiography at 100, 80, and 70 kV-initial com-
parison of a second- versus a third-generation dual-source CT sys-
tem. Radiology 2014;273:373—82 CrossRef Medline

. Nakaura T, Awai K, Oda S, et al. Low-kilovoltage, high-tube-current

MDCT of liver in thin adults: pilot study evaluating radiation dose,

16.

17.

18.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

AJNR Am J Neuroradiol 38:2399-405 Dec 2017  www.ajnr.org

image quality, and display settings. AJR Am ] Roentgenol 2011;196:
1332-38 CrossRef Medline

Nishii T, Watanabe Y, Shimoyama S, et al. Tailored duration of con-
trast material injection in high-pitch computed tomographic aor-
tography with a double-level test bolus method. Invest Radiol 2017;
52:274-80 CrossRef Medline

Petersilka M, Bruder H, Krauss B, et al. Technical principles of dual
source CT. Eur J Radiol 2008;68:362—68 CrossRef Medline
Utsunomiya D, Yamashita Y, Okumura S, et al. Demonstration of the
Adamkiewicz artery in patients with descending or thoracoabdominal
aorticaneurysm: optimization of contrast-medium application for 64-
detector-row CT angiography. Eur Radiol 2008;18:2684—-90 CrossRef
Medline

. Yoshioka K, Niinuma H, Ehara S, et al. MR angiography and CT

angiography of the artery of Adamkiewicz: state of the art. Radio-
graphics 2006;26(suppl 1):563-73 CrossRef Medline

Size-specific dose estimates (SSDE) in pediatric and adult body CT
examinations. http://www.aapm.org/pubs/reports/rpt_204.pdf. Ac-
cessed March 8, 2017

Nishida J, Kitagawa K, Nagata M, et al. Model-based iterative recon-
struction for multi-detector row CT assessment of the Adamkie-
wicz artery. Radiology 2014;270:282-91 CrossRef Medline
ACR-AAPM practice parameter for diagnostic reference levels and
achievable doses in medical x-ray imaging. https://www.acr.org/~/
media/ACR/Documents/PGTS/guidelines/Reference_Levels_Diagnostic_
Xray.pdf. Accessed March 8, 2017

Gnannt R, Winklehner A, Goetti R, et al. Low kilovoltage CT of the
neck with 70 kVp: comparison with a standard protocol. AJNR Am |
Neuroradiol 2012;33:1014—19 CrossRef Medline

Huda W, Scalzetti EM, Levin G. Technique factors and image quality
as functions of patient weight at abdominal CT. Radiology 2000;217:
430-35 CrossRef Medline

Scholtz JE, Kaup M, Hiisers K, et al. Advanced modeled iterative
reconstruction in low-tube-voltage contrast-enhanced neck CT:
evaluation of objective and subjective image quality. AJNR Am |
Neuroradiol 2016;37:143—-50 CrossRef Medline

Backes WH, Nijenhuis RJ, Mess WH, et al. Magnetic resonance an-
giography of collateral blood supply to spinal cord in thoracic and
thoracoabdominal aortic aneurysm patients. J Vasc Surg 2008;48:
261-71 CrossRef Medline

Nishii T, Kono AK, Nishio M, et al. Bone-subtracted spinal CT an-
giography using nonrigid registration for better visualization of ar-
terial feeders in spinal arteriovenous fistulas. AJNR Am ] Neurora-
diol 2015;36:2400—06 CrossRef Medline

Koshino T, Murakami G, Morishita K, et al. Does the Adamkiewicz
artery originate from the larger segmental arteries? ] Thorac Cardio-
vasc Surg 1999;117:898 -905 CrossRef Medline

Kieffer E, Fukui S, Chiras J, et al. Spinal cord arteriography: a safe
adjunct before descending thoracic or thoracoabdominal aortic an-
eurysmectomy. ] Vasc Surg 2002;35:262—68 CrossRef Medline
Thron AK. Vascular Anatomy of the Spinal Cord: Radioanatomy as the
Key to Diagnosis and Treatment. Switzerland: Springer; 2016:9—83
Mangold S, Wichmann JL, Schoepf UJ, et al. Diagnostic accuracy of
coronary CT angiography using 3(rd)-generation dual-source CT and
automated tube voltage selection: clinical application in a non-obese
and obese patient population. Eur Radiol 2017;27:2298-308 CrossRef
Medline

2405


http://dx.doi.org/10.1007/s12028-008-9104-9
http://www.ncbi.nlm.nih.gov/pubmed/18483880
http://www.ncbi.nlm.nih.gov/pubmed/11802130
http://dx.doi.org/10.1007/s00595-015-1272-6
http://www.ncbi.nlm.nih.gov/pubmed/26563225
http://dx.doi.org/10.1016/j.jtcvs.2015.07.079
http://www.ncbi.nlm.nih.gov/pubmed/26344681
http://www.ncbi.nlm.nih.gov/pubmed/12533320
http://dx.doi.org/10.1148/radiol.2231010513
http://www.ncbi.nlm.nih.gov/pubmed/11930046
http://dx.doi.org/10.3174/ajnr.A0812
http://www.ncbi.nlm.nih.gov/pubmed/17974605
http://dx.doi.org/10.1007/s10554-013-0301-z
http://www.ncbi.nlm.nih.gov/pubmed/24081485
http://dx.doi.org/10.1016/j.ejcts.2006.11.024
http://www.ncbi.nlm.nih.gov/pubmed/17182250
http://dx.doi.org/10.1007/s00234-013-1284-0
http://www.ncbi.nlm.nih.gov/pubmed/24085324
http://dx.doi.org/10.1016/j.ejvs.2009.07.011
http://www.ncbi.nlm.nih.gov/pubmed/19713133
http://dx.doi.org/10.1007/s11604-015-0490-6
http://www.ncbi.nlm.nih.gov/pubmed/26497024
http://dx.doi.org/10.1097/RLI.0000000000000119
http://www.ncbi.nlm.nih.gov/pubmed/25478743
http://dx.doi.org/10.1148/radiol.14140244
http://www.ncbi.nlm.nih.gov/pubmed/24877984
http://dx.doi.org/10.2214/AJR.10.5698
http://www.ncbi.nlm.nih.gov/pubmed/21606297
http://dx.doi.org/10.1097/RLI.0000000000000340
http://www.ncbi.nlm.nih.gov/pubmed/27861207
http://dx.doi.org/10.1016/j.ejrad.2008.08.013
http://www.ncbi.nlm.nih.gov/pubmed/18842371
http://dx.doi.org/10.1007/s00330-008-1036-4
http://www.ncbi.nlm.nih.gov/pubmed/18509656
http://dx.doi.org/10.1148/rg.26si065506
http://www.ncbi.nlm.nih.gov/pubmed/17050520
http://dx.doi.org/10.1148/radiol.13122019
http://www.ncbi.nlm.nih.gov/pubmed/23962418
https://www.acr.org/~/media/ACR/Documents/PGTS/guidelines/Reference_Levels_Diagnostic_Xray.pdf
https://www.acr.org/~/media/ACR/Documents/PGTS/guidelines/Reference_Levels_Diagnostic_Xray.pdf
https://www.acr.org/~/media/ACR/Documents/PGTS/guidelines/Reference_Levels_Diagnostic_Xray.pdf
http://dx.doi.org/10.3174/ajnr.A2910
http://www.ncbi.nlm.nih.gov/pubmed/22300930
http://dx.doi.org/10.1148/radiology.217.2.r00nv35430
http://www.ncbi.nlm.nih.gov/pubmed/11058640
http://dx.doi.org/10.3174/ajnr.A4502
http://www.ncbi.nlm.nih.gov/pubmed/26427836
http://dx.doi.org/10.1016/j.jvs.2008.03.015
http://www.ncbi.nlm.nih.gov/pubmed/18571368
http://dx.doi.org/10.3174/ajnr.A4435
http://www.ncbi.nlm.nih.gov/pubmed/26251431
http://dx.doi.org/10.1016/S0022-5223(99)70369-7
http://www.ncbi.nlm.nih.gov/pubmed/10220681
http://dx.doi.org/10.1067/mva.2002.120378
http://www.ncbi.nlm.nih.gov/pubmed/11854723
http://dx.doi.org/10.1007/s00330-016-4601-2
http://www.ncbi.nlm.nih.gov/pubmed/27682312

	Advantages of 70-kV CT Angiography for the Visualization of the Adamkiewicz Artery: Comparison with 120-kV Imaging
	MATERIALS AND METHODS
	Ethics
	Study Population
	Data Acquisition
	Injection Protocol and Scan Timing
	Image Reconstruction
	Radiation Dose Metrics
	Qualitative Image Analysis
	Quantitative Image Analysis
	Statistical Analysis

	RESULTS
	Subject Characteristics and Radiation Metrics
	Identification of the AKA/CSA
	Quantitative Image-Quality Analysis

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


