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Abstract
Objectives To compare image quality and radiation dose of
pre-transcatheter aortic valve implantation (TAVI)
aortoiliofemoral CT angiography (AICTA) provided by stan-
dard vs. dual-energy mode with reduced iodine load protocols.
Methods One hundred and sixty-one patients underwent a two-
step CTA protocol before TAVI including cardiac CTA with
injection of 65 mL of iodinated contrast agent (ICA), immedi-
ately followed by AICTA. From this second acquisition, the
following three different patient groups were identified: Group
1: 52 patients with standard AICTA (60mL ICA, 100 kVp, mA
automodulation); Group 2: 48 patients with dual-energy
AICTA with 50 % iodine load reduction (30 mL ICA, fast
kVp switching, 600mA); Group 3: 61 patients with an identical
protocol to Group 2, but exposed to 375 mA. The qualitative/

subjective image quality (13-point score) and quantitative/
objective image quality (contrast attenuation and image noise)
were evaluated. The radiation dose was recorded.
Results There was no significant difference in non-diagnostic
images between the three protocols. Contrast attenuation,
signal-to-noise ratio and contrast-to-noise ratio were signifi-
cantly higher, whereas noise was significantly lower in the
standard protocol (all P<0.05). The radiation dose was lower
in the dual-energy protocol at 375 mA (P<0.05).
Conclusions Dual-energy AICTA before TAVI results in a
reduction of iodine load while maintaining sufficient diagnos-
tic information despite increased noise.

Key Points
• Dual-energy AICTA before TAVI results in a 50 % reduction
of iodine load.

• The reduction of iodine load maintains sufficient image
quality despite increased noise.

• Using 375 mA in dual-energy mode results in a reduction of
radiation dose.

• A high tube current setting (600 mA) should be used in
overweight patients.
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CA Contrast Attenuation.
CNR Contrast to Noise Ratio.
CTA CTAngiography
CTDIvol CT Dose Index.
DLP Dose Length Product.
ICA Iodinated Contrast Agent.
keV Kiloelectron Volts.
kVp Kilovolt Peak.
PACS Picture Archiving and Communication system.
SNR Signal to Noise Ratio.
TAVI Transcatheter Aortic Valve Implantation.

Introduction

Aortic stenosis is the most frequent valvular disease, and
severe aortic stenosis is highly prevalent in the elderly [1].
Surgical aortic valve replacement is the gold standard, but
transcatheter aortic valve implantation (TAVI) is an alter-
native in this high-risk population [2–4] because approx-
imately one-third of patients either have contraindications
for surgery or decline it [5]. Although many approaches
are possible for TAVI, the transfemoral approach is the
most frequently used. For this reason, a high resolution
and dynamic anatomical review must be performed prior
to the procedure, based on echocardiography, computed
tomography angiography (CTA) and conventional
angiography.

Prior to TAVI, CTA would be helpful in providing
information about the aortic root anatomy, cardiac struc-
tures [6–10] and aortoiliofemoral anatomy (tortuosity,
calcifications/atherosclerosis and diameters) [9–11]. This
comprehensive evaluation will determine the feasibility of
the procedure, size of the prosthetic valve and the best
percutaneous access. As retrospectively gated cardiac
CTA is preferable for accurate evaluation of the aortic
root, aortoiliofemoral CTA (AICTA) is generally not per-
formed during the same acquisition with limited detector-
width scanners (the majority of current equipment); there-
fore, it is recommended that a two-step examination be
performed [9, 10], including a cardiac CTA followed by
an AICTA. Reducing the amount of iodinated contrast
agents (ICAs) is important in elderly patients with fre-
quently impaired renal function [12, 13]; this step can be
achieved with dual-energy CT using virtual monochro-
matic images [14, 15]. Previous studies focused on chest
CT angiography, demonstrated that up to 50 % of the
iodine load could using dual-energy CT [16], and stated
that optimal vascular analysis was obtained from 60 keV
reconstructions [17].

The purpose of this study was to compare the image quality
(qualitative and quantitative criteria) and radiation dose of pre-

TAVI AICTA provided by standard vs. dual-energy mode
with reduced iodine load protocols.

Methods

The institutional review board approved this retrospective
study, and informed consent was waived. The equipment is
commercially available, and none of the authors received
financial or technical support.

Patient population, CT protocols, and image reconstruction

Between August 2011 and February 2013, 191 patients
with severe aortic stenosis (clinical and echocardiographic
diagnosis) and contraindications for surgery were referred
for CTA evaluation prior to TAVI. All examinations were
performed using the Discovery 750HD MDCT (General
Electric Healthcare, Milwaukee, WI, USA). The same
ICA (Iohexol 350 mg/mL) was administered in all pa-
tients after placing an 18-gauge peripheral venous access
catheter in the antecubital vein.

A two-step examination was performed as follows:

– First, all patients underwent a retrospectively electrocar-
diogram (ECG)-gated standard cardiac CTA after pulsed
injection of 65 mL of ICA. This part of the examination
was not considered in this study.

– Within 2 min, AICTA was performed with a reinjec-
tion of ICA. A bolus tracking was used to determine
the optimal timing (region of interest drawn on the
proximal abdominal aorta, with a trigger set to begin
at 150 HU).

Three successive groups were identified according to the
AICTA protocol that evolved over time with scientific knowl-
edge and technological development (Fig. 1):

1. Standard Group: During the first period (August 2011 to
December 2011), the AICTAwas performed with 60 mL
of ICA (flow rate =4 mL/s) using a polychromatic stan-
dard protocol: 100 kilovolt peak (kVp); milliamperes
(mA) automodulation; Rotation time: 0.7 s; Pitch: 0.984;
Collimation: 0.625 mm; Reconstruction: 60 % Filtered
back projection (FBP)/40 % Adaptative Statistical Itera-
tive Reconstruction (ASIR); Filter: Standard (GE®), slice
thickness: 0.625 mm.

2. Spectral 600 (S600) Group: During the second period
(December 2011 to August 2012), AICTAwas performed
after injection of 30 mL of ICA (flow rate=3 mL/s) using
a dual-energy mode at 600 mA (mAwere not modifiable
at this time) [16]. Fast switching: 80/140 kVp; Rotation
time: 0.6 s; Pitch: 0.984; Collimation: 0.625 mm;
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Reconstruction: 60 % FBP/40 % ASIR; Filter: Standard
(GE®), slice thickness: 0.625 mm.

3. Spectral 375 (S375) Group: During the third period (From
August 2012 to February 2013), a technical upgrade allowed
a decrease of the tube current in the dual-energy mode,
thereby reducing radiation dose as recommended by the
guidelines [18, 19]. Then, AICTAwas performed using the
same technical and injection parameters as for S600 group
patients, to the exception of the tube current set at 375 mA.

Images from the S600 and S375 groups were reconstructed
with dedicated software (Gemstone Spectral Imaging GSI®,
GE Healthcare) at a monochromatic energy of 60 keV, as
suggested by recent scientific knowledge [17].

Patients were excluded from the analysis if:

1. They did not receive the strict amount of ICA for either
cardiac CTA (65 mL in all groups) or AICTA (60 mL in
standard group and 30 mL in S600 and S375 groups).
Three patients with body mass indices (BMIs) >35 were
prescribed greater volumes of ICA. In 14 patients, the
ICA volume could not be retrieved from the medical
records. Finally, four patients with history of allergy re-
ceived another ICA.

2. They did not receive ICA due to renal failure (creatinine
clearance <30 mL/min: nine patients).

Finally, 161 patients could be included and analysed, in-
cluding 52 patients in the standard group, 48 in the S600
group, and 61 in the S375 group.

Data analysis

All examinations were retrieved from the Picture Archiving
and Communication system (PACS). All data were
anonymized, and information that is usually accessible to
radiologists was deleted so that the readers could not know
which acquisition had been performed. Images were analysed
with dedicated vascular reconstruction software (AW 4.4-4.5,
Advantage WorkStation, GE Healthcare). Two readers with 4
and 8 years of experience in cardiovascular imaging per-
formed the analyses of all qualitative and quantitative
parameters in consensus. A third reader with 15 years of
experience in cardiovascular imaging served as a referee in
case of discrepancy.

Quantitative analysis of image quality

The method is illustrated in Fig. 2. Contrast attenuation (CA)
(mean CT numbers in Hounsfield units, HU) and noise (stan-
dard deviation of CT numbers in HU) were drawn from a
circular region of interest (ROI) in the following seven arterial
segments: right and left common femoral arteries, right and
left external iliac arteries, right and left common iliac arteries,
and the infrarenal aorta. Mean CA and mean noise levels from
the seven arterial segments were calculated in all patients. The
CA values of the left psoas major muscle and air noise were
alsomeasured. The ROI surface varied from 0.35 to 1 cm2 as a
function of vessel diameters.

Signal-to-noise ratio (SNR) and contrast-to-noise ratio
(CNR) were calculated as follows:

Fig. 1 The TAVI CT planning
protocol evolving over time.
TAVI CT planning consists of the
following two-step exam: a
retrospective gated cardiac CTA
after injection of ICA and an
AICTA after a second injection of
ICA. As cardiac CT protocol
(blue rectangle) did not differ
during this time, the three groups
differed based on the
aortoiliofemoral CTA protocol
(green, yellow, and orange
rectangles)
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– SNR=mean arterial CA/mean arterial noise
– CNR=(mean arterial CA−CA of left psoas major)/mean

arterial noise

Qualitative analysis of image quality

The level of valid information for diagnosis was expressed as
a score ranging from 0 to 13 (0=non-interpretable examina-
tion to 13=optimal quality). This score was the sum of four
qualitative scales (Figs. 3, 4) including the following:

1. Image noise, range 0 – 4.
2. Artefacts on vascular walls, range 0 – 3.

3. Quality of arterial enhancement in the seven arterial seg-
ments described above, range 0 – 3. The mean value of
this criterion was used for calculating the overall score.

4. Diagnostic confidence range 0 – 3 as follows:

0 poor, non diagnostic examination due to excessive
noise and/or poor arterial enhancement;

1 confident for limited situations such as large
calcifications with severe stenosis, but limited
for smaller lesions in smaller arterial segments
(diameter <10 mm);

2 probably confident, measurements and anatomy are
fully evaluated, but image is slightly noisy and/or

Fig. 2 Aortoiliofemoral CTA
performed in dual-energy mode
(375 mA tube current). Axial
views were reconstructed at
60 keV. Measurements were
performed using regions of
interest (ROIs). ROIs were placed
in the right and left common
femoral arteries (a), right and left
external iliac arteries (b), right
and left common iliac arteries (c),
infrarenal aorta (d), left major
psoas muscle (e), and in the air (f).
The results are expressed as ROI
surfaces (=mm2), mean CT
numbers in Hounsfield units (HU)
(=Av) and standard deviations of
CT numbers in HU (=Std)
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there are minor blurring artefacts on vascular walls
and/or arterial segments are underestimated because of
metallic artefacts;

3 completely confident, arterial measurements and anat-
omy fully evaluated;

This score was adapted from previous point scale
criteria used by Singh et al. [20] and Loewe et al. [21].
Images were considered available for diagnosis if each of
the four criteria was greater than or equal to the median,
hence, if the final score was greater than or equal to the
median, i.e., ≥ 7. By extension, images were considered
nondiagnostic if the final score was lower than the medi-
an, i.e., < 7.

Radiation dose

For each AICTA, the CT dose index (CTDIvol) and the dose-
length product (DLP) were recorded.

Fig. 3 Quantitative score ranging from 0 to 13 points representing the
level of valuable diagnostic information. This score is the sum of the
following four qualitative scales: image noise, artefacts on vascular walls,
quality of arterial enhancement in each of the seven vascular segments
(the mean of the seven segments is used for the final score), and diag-
nostic confidence

Fig. 4 Quantitative scoring in four patients (numbered 1 – 4). Axial
views centred on inter renal aorta (a) and iliac bifurcation (b).
Acquisition protocol is displayed in the right coloured column.
Images from dual-energy protocols were reconstructed at 60 keV.
The same level (300 Hounsfield units [HU]) and width (850 HU)
were used for all four patients. • Patient 1 (Standard protocol):
Minimal noise (4/4), no artefact on vascular walls (3/3), optimal
arterial enhancement (3/3). Measurements of aorta (a) and iliac
arteries (b) were feasible (diagnostic confidence 3/3). Overall score
was 13/13 (optimal examination). • Patient 2 (S600 protocol): slight
noise (3/4), minor artefacts on vascular walls (2/3), optimal arterial
enhancement (3/3). Measurements and vascular anatomy were fully
evaluated (diagnostic confidence 3/3). Overall score was 11/13. •
Patient 3 (S375 protocol): Noisy mages remaining sufficient for
diagnosis (2/4), minor artefacts on vascular walls (2/3), fair arterial
enhancement (2/3), measurements and vascular anatomy fully eval-
uated (diagnostic confidence 3/3). Overall score 9/13. • Patient 4
(S375 protocol): Noisy images, but diagnosis remained possible at
aorta level (1/4), artefacts on vascular walls (2/3), poor arterial
enhancement (1/3). Measurements were only possible at aortic level
(a) (diagnostic confidence 1/3). Final score was 5/13. This exami-
nation was considered non-diagnostic with overall score<7.
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Clinical data

Age, sex, body mass index (BMI) and abdominal perimeter
were retrieved in medical records.

Patients presenting with either vascular (femoral and/or
iliac stenosis, excessive calcifications, arterial dissection, ab-
dominal aorta aneurysm) or extravascular contraindication
(cardiac or concurrent pathologies, refusal) were recorded.
Also, the number of patients eligible for TAVI after CT plan-
ning was recorded in each group. Finally, vascular complica-
tions occurring during the procedure (including haematoma or
fistulae, femoral and/or iliac dissection or rupture, and sys-
temic ischemia) were recorded.

Statistical analysis

Analyses were performed using dedicated statistical software
(IBM SPSS Statistics 20, Armonk, NY, USA)

The primary endpoint was the level of valid information for
diagnosis, expressed by the qualitative score ranging from 0 to
13. The significance of the difference in the number of images
with scores<7 between the three groups was then assessed
using the Fisher-Freeman-Halton test. Score comparison be-
tween the three groups was realized using the Kruskal-Wallis
test, and pairwise comparison using Wilcoxon’s test for inde-
pendent samples. A 95 % confidence interval (CI) for the
difference between each time point in the two groups was
established using the method of Hodges and Lehmann [22].

Information on patients’ characteristics and quantitative
criteria were gathered for all included patients. The Kruskal-
Wallis test was used to assess simultaneously whether the
three groups differed at AICTA, and pairwise comparisons
were performed using Wilcoxon’s test for independent sam-
ples. For other clinical data, the Fisher-Freeman-Halton test
was employed.

A p value less than 0.05 was considered to be statisti-
cally significant.

Results

Patient characteristics (Table 1)

There were no significant differences in sex composi-
tion, age, BMI, and abdominal perimeter between the three
groups (all p>0.05). There were no significant differences
in vascular and extra-vascular contraindications or in the
number of patients eligible for TAVI between the three
groups (all p>0.05). There was no significant difference
in the number of patients with vascular complications
during TAVI between the three groups (all p>0.05).

Radiation dose (Table 1)

Radiation dose (CTDIvol and DLP) was significantly
different between the three groups (p<0.001). The S375
group radiation dose was significantly lower, and the
S600 radiation dose was significantly higher than in the
other groups (all p<0.001).

Qualitative results (Table 2)

The non-diagnostic examination rates (score <7/13) were
similar between the three patient groups (p=0.334). No exam-
ination had a score <7 in the standard and S600 groups,
whereas two examinations had a score <7 in the S375 group,
involving patients with BMI >30 in both cases. There was a
significant difference among the scores of the three groups
(p<0.001). Pairwise comparison revealed the following: (1) a
significantly lower score in the S600 group compared to the
standard group (p<0.001) with a median 1- to 1.85-point loss
[95 %CI=(1;1.85)]; (2) a significantly lower score in the S375
group compared to the standard group (p<0.001) with a me-
dian 1- to 2-point loss [95 %CI=(1;2)]; and (3) a significantly
lower score in the S375 group compared to the S600 group
(p=0.023) with a median 0- to 1-point loss [95 %CI=(0;1)].

The separate comparison of each criterion showed sig-
nificant differences in noise, vascular wall artefacts and
quality of arterial enhancement (all p<0.05), but no sig-
nificant difference in diagnostic confidence (p=0.052)
among the three groups.

Quantitative results

Mean vascular CA and noise, air noise, CNR, and SNR were
significantly different between the three groups (all p<0.05).
Pairwise comparisons revealed significantly higher mean CA,
SNR, and CNR and lower mean noise in the standard group
than in the other two groups (all p <0.05). There was no
significant difference in air noise between the S600 and stan-
dard groups, but air noise was significantly higher in S375
group than in the other two groups (both p<0.02).

Comparison between the S375 and S600 groups revealed
no significant differences in mean CA and noise, SNR, and
CNR (all p>0.05). A subgroup analysis including only over-
weight and obese patients (BMI >25) (Table 3) revealed
significantly higher SNR and CNR, and lower mean noise in
the S600 group compared to the S375 group (all p <0.05).

Discussion

In single-source dual-energy CT, two different energy beams
are emitted from a fast-switching kilovoltage x-ray tube [80-
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and 140-kilovolt peak (kVp)], allowing differentiation of var-
ious structures within a voxel. This technique generates virtual
monochromatic images ranging from 40 to 140 kiloelectron
volts (keV). The absorption of iodine, which has an absorption
peak (or k edge) of 33 keV, increases with the decrease in
beam energy [15].

In the context of TAVI, our results confirmed that single-
source dual-energy technology allowed a 50 % reduction of

the iodine load for AICTA when compared to the standard
protocol.

Image quality was qualitatively and quantitatively impaired
in dual-energy protocols compared with the standard protocol,
mainly due to increased noise. However, image quality
remained sufficient for diagnosis, as only two examinations
were considered non-diagnostic at 375 mA. Moreover, when
decomposing the qualitative score, noise and artefacts were

Table 1 Comparison of patients’ characteristics, quantitative criteria for image quality, and radiation dose between the standard, S600, and S375 groups

Standard (n=52) S600 (n=48) S375 (n=61) p value

Patients’ characteristics Age (years) 83.84±6.17 85.11±7.04 85.58±6.41 0.140

Female/male* 28/24 30/18 35/27 0.673

BMI (kg/m2) 26.23±4.98 26.13±4.98 26.22±4.99 0.317

Abdominal perimeter (cm) 99.64±11.67 99.71±13.36 96.45±12.10 0.369

Vascular contraindication for TAVI* 19 18 19 0.368

Extra-vascular contraindication for TAVI* 11 10 6 0.171

Patients eligible for TAVI* 22 20 36 0.114

Vascular complication during TAVI procedure* 7 7 10 0.860

Quantitative criteria Contrast Attenuation (HU) 415.99±108.89 374.74±97.95 361.16±81.92 0.008

Mean noise (HU) 29.64±5.45 36.25±7.81 38.47±7.28 < 0.001

Air noise (HU) 12.31±3.07 13.33±3.37 14.28±3.83 0.008

SNR 14.19±3.62 10.74±3.68 9.72±2.97 < 0.001

CNR 11.83±3.38 8.72±3.40 7.82±2.62 < 0.001

Radiation dose CTDIvol (mGy) 20.14±3.72 25.83±0.38 12.80±0.61 < 0.001

DLP (mGy.cm) 979.94±265.63 1185.6±115.01 584.32±45.19 < 0.001

Note: Unless otherwise indicated, all data are means±standard deviations; comparisons among the three groups were performed using the Kruskal-
Wallis test

*Data are numbers of examinations; comparisons between three groups were performed using the Fisher-Freeman-Halton Test

HU=Hounsfield Units

TAVI=Transcatheter Aortic Valve Implantation

Table 2 Comparison of qualitative image quality ratings between the standard, S600 and S375 groups

Standard (n=52) S600 (n=48) S375 (n=61) p value

Qualitative Score (maximum score:13) Number of scores<7* 0 0 2 0.334

Mean score** 11.50±1.03 10.34±1.15 9.81±1.30 <0.001

Median score** 12.0 10.1 10.0

Minimum** 9 7 5

Maximum** 13 13 12

Detail of each criterion of the qualitative score Noise (score/4) 3.04±0.522 2.68±0.594 2.30±0.587 <0.001

Artifacts (score/3) 2.63±0.525 2.17±0.433 2.02±0.288 <0.001

Quality of arterial enhancement (score/3) 2.82±0.378 2.60±0.532 2.63±0.538 0.039

Diagnostic confidence (score/3) 3.0±0.0 2.89±0.375 2.87±0.386 0.052

Note: Unless otherwise indicated, all data are means±standard deviations; comparisons among the three groups were performed using the Kruskal-
Wallis test

*Data are numbers of examinations; comparisons between three groups were performed using the Fisher-Freeman-Halton Test

**Data are qualitative scores based on a 13-point scale

HU=Hounsfield Units
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significantly higher and arterial enhancement was significant-
ly lower in dual-energy groups while overall diagnostic con-
fidence was comparable among the three groups. These ob-
servations confirmed the results of prior studies [16, 17], but
unlike those studies, we noted significantly higher iodine
attenuation with the standard protocol compared to dual-
energy ones. Yuan et al. [16] used a 50 keV energy, thus
increasing the iodine absorption and attenuation. Delesalle
et al. [17], with dual-source equipment, did not record any
difference in attenuation at 60 keV compared to the standard
protocol. The lower amount of iodine administered in our
study could explain this difference. We used 30 mL of
350 mg/mL ICA (i.e., 10.5 g of iodine), whereas Delesalle
et al. administered 84 ml of 170 mg/mL ICA (Iohexol 240
diluted with 36 mL of saline, i.e., 14.2 g of iodine). The
decreased attenuation in our study could have been compen-
sated by a further reduction of the energy of the monochro-
matic beam, but this choice would have resulted in an in-
creased noise, proving the difficulty of choosing an appropriate
energy level (Fig. 5). As previously published [17] and based
on our previous experience, we have been using 60 keV to
optimize the SNR and performance of vessel analysis software.

To our knowledge, no prior study has compared CTA
results in dual-energy mode according to the tube current.
Comparison between S375 and S600 groups showed no sig-
nificant difference in the number of scores <7/13, mean vessel
contrast attenuation, mean vessel noise, air noise, SNR, or
CNR. The radiation dose in the S375 group was significantly
lower, thereby raising the question of the usefulness of a
600 mA tube current in this clinical setting. However, the
quantitative score was significantly lower and air noise was
significantly higher in the S375 group. Furthermore, the two
examinations considered unacceptable for diagnosis in the

S375 group and involved two obese patients (with BMIs of
31 and 33). A subgroup analysis limited to overweight and
obese patients (BMI >25) revealed significantly higher qual-
itative score, SNR and CNR, and lower mean noise in the
S600 group compared to the S375 group, proving the neces-
sity of using a higher tube current in obese patients when
reducing the iodine load in dual-energy mode . As the radia-
tion dose in the S600 group was significantly higher than in
the standard group, the balance between radiation exposure
and contrast-induced nephropathy (CIN) prevention must be
weighted before using dual-energy mode at 600 mA.

Preventing CIN remains a major challenge in TAVI be-
cause this procedure involves elderly patients with frequently
impaired renal function [12, 23, 24], and TAVI-related proce-
dures generate various examinations requiring intravenous
and intra-arterial ICA injections [25]. Thus far, reducing the
iodine load during CTA has been studied using two methods
that could increase the contrast of iodine. In standard poly-
chromatic CT, reducing the tube voltage to 80 kVp provided
acceptable results, but also exhibited limitations in investigat-
ing overweight or large abdominal perimeter patient [26–28].
The second possibility is to decrease the virtual monochro-
matic beam energy in dual-energy mode [16, 17] such as in
our study. In dual-energy mode, various monochromatic re-
constructions can be obtained allowing the joint study of non-
vascular structures. Matsumoto et al. demonstrated significant
lower noise and higher CNR in the dual-energy mode with
image reconstruction at 70 keV than at 120 kVp with the
standard polychromatic protocol [29].

In the context of TAVI planning, several strategies have been
described to reduce iodine load. In two recent studies [30, 31],
cardiac-specific acquisition was performed during a thoraco-
abdomino-pelvic volume acquisition using a high-pitch spiral,

Table 3 Comparison of patients’ characteristics, image quality and radiation dose for overweight and obese patients in the S600 and S375 groups

S600 (n=26) S375 (n=28) p value

Patient characteristics BMI (kg/m2) 30.37±3.69 28.56±2.11 0.088

Abdominal perimeter (cm) 106.23±11.71 103.64±9.85 0.488

Quantitative criteria Mean signal (HU) 352.77±97.47 331.16±89.49 0.315

Mean noise (HU) 37.18±7.39 41.88±7.10 0.017

Air noise (HU) 14.54±3.64 15.68±3.40 0.168

SNR 9.69±2.81 8.05±2.24 0.023

CNR 7.88±2.68 6.50±2.26 0.040

Qualitative criteria Qualitative score 10.00±1.16 9.19±1.33 0.003

95 %CI* (0;1)

Radiation dose CTDIvol (mGy) 25.73±0.452 12.79±0.63 <0.001

DLP (mGy.cm) 1205.88±125.13 596.79±43.08 <0.001

Note: Unless otherwise indicated, all data are means±standard deviations. Comparisons between variables were performed using Wilcoxon’s test for
independent samples

*95 %CI=Confidence Interval of the median loss of points between the S375 and S600 groups using the Hodges and Lehmann methods

HU=Hounsfield Units
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allowing a single-step examination with a single injection of
ICA. However, this cardiac acquisition was prospectively
ECG-gated, thereby compromising the dynamic study of the
aortic valve and annulus. Taking benefit of the cardiac bolus
injection for imaging abdominal aorta could be an option, but it
carries the risk of suboptimal arterial enhancement. Two studies
[32, 33] reported direct aortic injection with low ICA volume.
These recent publications illustrate the strong need for reducing
iodine load in TAVI CT planning. In our study, we have
performed AICTA with only 30 mL of ICA obtaining
acceptable images for diagnosis. As dual-energy mode
will soon be applicable to ECG-gated CT, a further reduc-
tion in iodine load should be possible in the near future.

This study had several limitations. First, the study was retro-
spective and monocentric. Second, the AICTA was performed
within 2 min of the first ICA injection for the first cardiac CT,
and recirculation phenomenon could increase the attenuation,
thus compensating for the reduced iodine load. However, the
same first cardiac CT protocol and injection (65 mL,
350 mg/ml) was performed in the three groups to reduce this
bias. Third, we did not study the effects of reduced iodine load
on extravascular structures. Fourth, we could not evaluate the
impact of reduced iodine load on renal function. Fifth, we have
not compared the three protocols with a reduced iodine load
protocol using a standard polychromatic acquisition at 80 kVp.
However, this technique was previously shown as limited in
high BMI patients. Considering that our TAVI population in-
cluded many overweight patients, we found it was not reason-
able to test this option. Finally, the two on-site readers could
have favourably estimated the images, compared to other radi-
ologists. However, analysis was fully blinded to the acquisition

mode, and only the two examinations considered as non-
diagnostic in the S375 group had also been estimated as non-
interpretable by the radiologist in charge of the initial examina-
tion. Furthermore, there was neither significant difference in the
number of patients presenting with a vascular contraindication
to TAVI, nor in the number of vascular complications during
the procedure between the three groups, demonstrating the
absence of adverse clinical impact of dual-energy CT on
TAVI scheduling and procedure.

Conclusions

Dual-energy AICTA prior to TAVI allows a 50 % reduction of
the iodine load, resulting in image quality that remains suffi-
cient for diagnosis, despite image impairment due to increased
noise. Using 375 mA in the dual-energy mode for the tube
current results in a significant reduction of the radiation dose
compared to the standard polychromatic protocol, but these
settings should not be used in overweight patients. The radi-
ation dose is significantly higher with a 600 mA tube current
compared to the standard protocol, and the balance between
radiation exposure and CIN prevention needs to be weighted
before opting for this mode.
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