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Purpose:  To  compare  image  interpretability  and  diagnostic  performance  of  dual-energy  CT coronary
angiography  (DE-CTCA)  performed  with  50%  iodine  load  reduction  versus  single  energy  acquisitions
(SE-CTCA)  with  full  iodine  load.
Materials  and methods:  The  present  prospective  study  involved  patients  with  suspected  coronary  artery
disease  (CAD)  clinically  referred  for CTCA.  DE-CTCA  with  50%  iodine  volume  load  was performed  first,
and  after  heart  rate  returned  to baseline  SE-CTCA  was  performed  using  full  iodine  volume  load.  The  pri-
mary endpoint  was  to compare  image  interpretability  between  groups.  DE-CTCA  was  performed  by rapid
switching  between  low  and high  tube  potentials  (80–140  kV)  from  a single  source,  allowing  the  gener-
ation  of monochromatic  image  reconstructions  ranging  from  40 to  140 keV.  Image  quality  assessment
was  performed  using  a 5-point  Likert  scale.
Results:  Thirty-six  patients  constituted  the  study  population.  The  mean  heart  rate  before  the  CT  scan
(DE-CTCA  57.3  ± 10.7  bpm  vs.  SE-CTCA  58.5 ± 11.2  bpm,  p  =  0.29) and  the mean  effective  radiation  dose
(3.5  ± 1.9  mSv  vs. 3.8 ±  0.9  mSv,  p  =  0.48)  did  not  differ  between  groups.  Likert  image  quality  scores
were  similar  between  groups  (DE-CTCA  4.42  ±  0.98  vs. SE-CTCA  4.43  ±  0.84,  p  =  0.67).  Signal-to-noise
and  contrast-to-noise  ratios  were significantly  lower  with  DE-CTCA,  driven  by lower  signal  density  lev-

els  at  60  keV  compared  to SE-CTCA.  The  sensitivity  and  specificity  for  the  detection  of stenosis  >50%
was  indistinguishable  between  groups  (DE-CTCA  84.4%  (69.9–93.0%),  87.1%  (81.6–91.2%);  SE-CTCA  84.4%
(69.9–93.0%),  87.1%  (81.6–91.2%).
Conclusions:  In this  pilot, prospective  study,  dual  energy  CTCA  imaging  with  half  iodine  load  achieved
comparable  interpretability  than  full iodine  load  with  single  energy  CTCA.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Based on robust evidence collected during the past two decades,
omputed tomography coronary angiography (CTCA) has gained a
ole in the evaluation of symptomatic patients with low to interme-

iate likelihood of coronary artery disease (CAD) [1–3]. Since the

ncidence of contrast-induced acute kidney injury is closely related
o iodine volume load and concentration, there is an essential need

Abbreviations: DECT, dual energy computed tomography; SECT, single energy
omputed tomography; CTCA, computed tomography coronary angiography; CAD,
oronary artery disease.
∗ Corresponding author at: Av Maipú 1668, Vicente López (B1602ABQ), Buenos
ires, Argentina. Fax: +5411 48377596.

E-mail address: investigacion@diagnosticomaipu.com.ar (P. Carrascosa).
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720-048X/© 2015 Elsevier Ireland Ltd. All rights reserved.
for technical developments that can achieve a significant reduction
in the iodinated contrast load [4,5].

Previous investigators have achieved a 20% contrast volume
reduction using a lower tube voltage, although at the expense of
higher tube current thus leading to persistently elevated effec-
tive dose radiation levels [6]. Dual-energy CT (DECT) allows the
reconstruction of low and high energy projections and generation
of monochromatic image reconstructions [7]. Consequently, higher
intravascular attenuation levels can be attained through low energy
monochromatic imaging, since with the administration of iodine
vessels portray higher attenuation levels at lower energies than
at higher energies due to the fact that lower energies are closer to

33.2 keV, the K edge of iodine [8]. We  previously demonstrated that
aortic CT angiography using DECT imaging allows up to 60% iodine
volume reduction with similar image quality and interpretability

dx.doi.org/10.1016/j.ejrad.2015.06.019
http://www.sciencedirect.com/science/journal/0720048X
http://www.elsevier.com/locate/ejrad
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejrad.2015.06.019&domain=pdf
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dx.doi.org/10.1016/j.ejrad.2015.06.019
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han full iodine load with conventional single energy CTA imag-
ng [9]. Accordingly, we attempted to explore whether we could
xtrapolate those findings to the evaluation of the coronary tree
sing CTCA.

. Methods

.1. Study population

The present was a single-center, investigator driven, prospective
tudy, that involved patients with suspected CAD clinically referred
or CTCA due to chest pain, anginal equivalents, or inconclusive
tress tests. All patients underwent dual energy (DE) CTCA with 50%
odine volume load and, subsequently, single energy (SE) CTCA with
ull iodine volume load. All patients included were more than 40
ears old, in sinus rhythm, able to maintain a breath-hold for 15 s;
ithout a history of contrast related allergy, renal failure, or hemo-
ynamic instability. Additional exclusion criteria comprised a body
ass index >32 kg/m2, a history of previous myocardial infarc-

ion within the previous 30 days, previous percutaneous coronary
evascularization or coronary bypass graft surgery, or chronic heart
ailure. Patients with pacemakers or implantable devices were
xcluded.

The primary endpoint of the study was to evaluate image inter-
retability of DE-CTCA with half iodine load compared to SE-CTCA
ith full iodine load. The secondary endpoint was  to compare the
iagnostic performance between groups in a subset of patients who
nderwent invasive coronary angiography. The institution’s Ethics
ommittee approved the study protocol, which complied with the
eclaration of Helsinki, and written informed consent was obtained

rom all patients.

.2. Image acquisition

Patients were scanned using a 64-slice high definition scanner
Discovery HD 750, GE Healthcare, Milwaukee, USA), after intra-
enous administration of iodinated contrast (iobitridol, Xenetix
50TM, Guerbet, France) through an antecubital vein. Patients with

 heart rate of >65 beats per minute received 50 mg  oral metopro-
ol one hour prior to the scan or 5 mg  intravenous propralonol if
eeded in order to achieve a target heart rate of less than 60 bpm.

n order to avoid any potential presence of residual intravascular
ontrast material, DE-CTCA with 50% iodine volume load was per-
ormed first and, 15–20 min  later and after heart rate returned to
aseline. SE-CTCA was performed using full iodine volume load.

All studies were acquired using prospective ECG-gating apply-
ng a 100 m sec padding centered at 75% of the cardiac cycle for
atients with a heart rate lower than 60 bpm, a 200 m sec padding
entered at 60% of the cardiac cycle for patients with a heart rate
etween 60 and 74 bpm, and a 100 m sec padding centered at 40% of
he cardiac cycle for patients with a heart rate higher than 74 bpm.
E-CTCA was performed by rapid switching (0.3–0.5 milliseconds)
etween low and high tube potentials (80–140 kV) from a single
ource, thereby allowing the reconstruction of low and high energy
rojections and generation of monochromatic image reconstruc-
ions ranging from 40 to 140 keV. Other scanner-related parameters
ere a gantry rotation speed of 350 ms,  collimation width of

.625 mm,  600–640 mA,  a slice interval of 0.625 mm,  and a tem-
oral resolution of 175 ms.  Maximum tube voltage and current
or SE-CTCA were adjusted according to the body habitus (100 kV
r 120 kV for patients with body mass index <30 kg/m2 or larger,

espectively). All SE-CTCA acquisitions were obtained using the
igh-definition mode.

For SE-CTCA with full iodine volume load acquisitions (body
ass index *0.9), iodinated contrast volume was  injected using
f Radiology 84 (2015) 1915–1920

a three-phase injection protocol, as follows. Phase 1:50% of the
total iodinated contrast volume being injected undiluted at a rate
of 4.5–5.0 ml/sec; phase 2: the other 50% of the contrast medium
mixed at a 60:40 saline dilution, injected at a rate of 4.5–5.0 ml/sec;
and phase 3: a 40 ml  saline chasing bolus at a rate of 4.5–5.0 ml/sec.
DE-CTCA angiograms with half iodine volume load were obtained
using a three-phase protocol, as follows. Phase 1:50% of the total
iodinated contrast volume mixed at a 50:50 saline dilution being
injected at a rate of 4.0–5.0 ml/sec; phase 2: the other 50% of the
contrast medium mixed at a 30:70 saline dilution, injected at a rate
of 4.0–5.0 ml/sec; and phase 3: a 40 ml  saline chasing bolus at a rate
of 4.0 to 5.0 ml/sec. All patients received a 40 ml  timing bolus to syn-
chronize the data acquisition with the arrival of contrast material in
the aorta, consisting of a combination of 20 ml  contrast medium and
20 ml  of saline at a rate of 5.5 ml/sec. Image acquisition was  per-
formed after sublingual administration of 2.5–5 mg  of isosorbide
dinitrate.

All reconstructions were performed using a standard kernel.
SE-CTCA studies were reconstructed using a standard iterative
reconstruction algorithm, at 40% ASIR (Adaptive Statistical Iterative
Reconstruction). DE-CTCA studies were reconstructed at indepen-
dent monochromatic energy levels ranging from 40 keV to 80 keV
with incremental levels of 10 keV, in order to establish the lowest
energy level (hence with higher signal density) with the highest
contrast-to noise-ratio (CNR) and signal-to-noise ratio (SNR) and
consequently use it for comparison against SE-CTCA. Based on an
interim analysis (data not shown), 60 keV with iterative reconstruc-
tion algorithm (ASIR) was  the lowest energy level with the highest
CNR and SNR, therefore it was  used for further comparisons against
SE-CTCA.

2.3. Image analysis

DE-CTCA image analyses were performed off-line on a dedicated
workstation, using a commercially available dedicated software
tool (AW 4.6, GE Healthcare) by consensus of two experienced level
3—certified coronary CTCA observers (PC, AD), blinded to the clini-
cal data [10]. SE-CTCA were analyzed two weeks later by the same
observers blinded to the clinical data. Axial planes, curved mul-
tiplanar reconstructions, and maximum intensity projections at
1–5 mm slice thickness were used according to 18-segment Soci-
ety of Cardiovascular Computed Tomography Classification [11].
Images were evaluated on a per segment basis and per territory
basis. Segments with a reference diameter lower than 1.5 mm
were not included in the analysis. Each segment was graded as
follows: normal; non-significant stenosis (<50%); significant steno-
sis (≥50%); or uninterpretable. Uninterpretable segments due to
motion artifacts or severe calcification were assumed as positive
for the diagnostic performance analysis.

Quantitative image quality assessment was performed using
a 5-point Likert scale, as follows: (1) and (2) Non-diagnostic,
impaired image quality due to motion artifacts or severe calcifi-
cation that precluded appropriate assessment; (3) Suboptimal but
sufficient, reduced image quality due to motion artifacts, image
noise or low contrast attenuation, but sufficient to rule out obstruc-
tive disease; (4) Good, presence of mild motion artifacts, image
noise, coronary calcifications or low contrast, but preserved abil-
ity to evaluate the presence of stenosis as well as to identify the
presence mild atherosclerosis; and (5) Excellent, absence of motion
artifacts, high intraluminal attenuation and clear delineation of
vessel walls, with the ability to evaluate both the presence of
obstructive disease and mild atherosclerosis.
The extent of vascular attenuation (in Hounsfield units) was
measured using standardized regions of interest of 20 mm2 at the
aortic root and at the epicardial fat. Signal density (mean Hounsfield
units), noise (mean standard deviation of the signal density), and
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Table 1
Demographical characteristics (n = 36).

N(%)

Age (years ± SD) 55.8 ± 9.9
Male (%) 27 (73.0%)
Body mass index (kg/m2) 27.1 ± 3.2
Diabetes (%) 3 (8.1%)
Hypertension (%) 16 (43.2%)
Hypercholesterolemia (%) 20 (54.1%)
Current smoking (%) 6 (16.2%)
Previous smoking (%) 14 (37.8%)
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d
s
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ignal-to-noise ratio (SNR) were further calculated. Contrast-to-
oise ratio (CNR) was defined as the difference between the mean
ignal density at the aortic root and at the epicardial fat divided by
he mean image noise.

CT effective radiation dose was derived by multiplying the dose-
ength product with the weighting (k) value of 0.014 mSv/mGy/cm
or chest examinations, as suggested by the Society of Cardiovas-
ular Computed Tomography [12].

.4. Invasive angiography acquisition and analyses

All procedures were performed in accordance to standard tech-
iques. Coronary angiograms were obtained in multiple projections
fter administration of intracoronary nitrates. Quantitative coro-
ary angiography analysis was performed by an independent
bserver blinded to the CTCA data (AG). The catheter tip was cleared
f contrast for accurate calibration. Lesion measurements were per-
ormed using the “worst” view of an end-diastolic frame.

.5. Statistical analysis

Discrete variables are presented as counts and percentages.
ontinuous variables are presented as means ± SD. Comparisons
mong groups were performed using paired samples t-test, and
cNemar’ test, as indicated. To determine the diagnostic accu-

acy of DE-CTCA using half iodine load versus SE-CTCA with
ull iodine load for the detection of stenoses ≥50% by invasive
ngiography, we calculated the sensitivity, specificity, and like-

ihood ratios, accounting for potential non-uniform distribution
95% confidence intervals). To evaluate the interobserver agree-

ent (Cohen’s kappa) for each group, two experienced observers
ndependently evaluated the subset of patients who underwent

ig. 1. Fifty-three year old male with normal coronary arteries. Single energy CT coronar
ual  energy CT coronary angiography performed with 35 ml  of contrast and reconstructe
ignal  density of 328HU and 304HU, and a mean noise of 34 HU and 19 HU for SE-CTCA an
Previous PCI (%) 10 (27.0%)
Serum creatinine (mg/dl) 0.97 ± 0.24
Heart rate (bpm ± SD) 57.9 ± 11.0

invasive angiography for obstructive (stenosis ≥ 50 %) and non-
obstructive lesions. For this purpose, dual energy and single energy
analyses were separated by a 2-week window period. Statisti-
cal analyses were performed using SPSS software, version 13.0
(Chicago, Illinois, USA). A two-sided p value of less than 0.05 indi-
cated statistical significance.

3. Results

Thirty-seven patients were prospectively included in the study
protocol. One patient was excluded from the analysis due to a sig-
nificant increment in heart rate after DE-CTCA leading to a SE-CTCA
scan with severe motion artifacts and early contrast wash-out.
The mean age of the 36 patients that comprised the study pop-

ulation was 55.8 ± 9.9 years, 27 (73%) patients were male, and 3
(8%) had diabetes (Table 1). The mean heart rate before the CT scan
(DE-CTCA 57.3 ± 10.7 bpm vs. SE-CTCA 58.5 ± 11.2 bpm, p = 0.29)
and the mean effective radiation dose (DE-CTCA 3.8 ± 0.9 mSv vs.

y angiography (above, panels A–C) performed with 70 ml of iodinated contrast and
d at 60 kev with 40% ASIR. In panels A and D, the region of interest shows a mean
d DE-CTCA, respectively.
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Table 2
Quantitative assessment of image quality.

Dual energy (60 keV IR) Single energy p value vs. 60 keV IR
Signal  intensity (HU)

Heart rate 57.3 ± 10.7 58.5 ± 11.2 0.29
Aorta  321.6 ± 63.1 374.0 ± 88.1 0.001
Left  ventricle 310.3 ± 106 380.0 ± 97.0 0.001
Left  main 300.0 ± 50.1 363.4 ± 89.4 <0.001
Left  anterior descending 288.9 ± 49.9 339.7 ± 79.0 <0.001
Left  circumflex 256.9 ± 41.4 339.9 ± 76.6 <0.001
Right coronary artery 279.9 ± 47.0 368.3 ± 88.2 <0.001

Noise (HU)
Aorta 25.2 ± 7.9 31.2 ± 8.2 <0.001
Left  ventricle 25.5 ± 7.1 32.9 ± 10.1 <0.001
Left  main 24.2 ± 7.5 36.3 ± 57.4 0.21
Left  anterior descending 27.0 ± 14.0 28.4 ± 14.8 0.62
Left  circumflex 29.4 ± 14.9 33.9 ± 19.5 0.19
Right coronary artery 27.0 ± 12.1 26.3 ± 14.4 0.82

SI  and noise measurements
Mean signal density (HU) 281.3 ± 49.3 352.8 ± 83.6 <0.001
Mean noise (HU) 26.9 ± 12.5 31.2 ± 31.9 0.11
Signal-to noise ratio 11.6 ± 7.1 14.5 ± 8.9 <0.001
Contrast-to-noise ratio 15.5 ± 9.6 18.0 ± 11.5 0.02
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R refers to iterative reconstruction.

E-CTCA 3.5 ± 1.9 mSv, p = 0.48) did not differ between groups.
he mean contrast volume administrated was 63.4 ± 8.3 ml  for
E-CTCA acquisitions and 31.7 ± 4.1 ml  for DE-CTCA acquisitions,
p < 0.0001). The mean iodine delivery rate was 1.63 ± 0.1 gI/s with
E-CTCA acquisitions and 1.59 ± 0.1 gI/s for DE-CTCA acquisitions,
p = 0.002); whereas the mean total administrated iodine was
5.0 ± 3.3 g with SE-CTCA acquisitions and 12.5 ± 1.6 g for DE-CTCA
cquisitions, (p < 0.0001).

.1. Image interpretability and diagnostic performance

All assessable segments at full iodine load with SE-CTCA imaging
ere also assessable with half iodine load using DE-CTCA imaging.

mage quality was similar between groups (mean Likert score DE-
TCA = 4.43 ± 0.84 vs. SE-CTCA 4.42 ± 0.98, p = 0.67). Eleven (2.1%)
egments were deemed non-assessable within DE-CTCA, compared
o 26 (5.0%) segments within SE-CTCA (p = 0.003 by McNemar’s
est). Within DE-CTCA, the best energy level was 60 keV in all cases,
ith the best subjective balance between increased signal density

nd decreased image noise. A good agreement between observers
as found for the identification of obstructive lesions among both

roups (DE-CTCA = k 0.85, p < 0.0001; SE-CTCA = k 0.83, p < 0.0001).
Seventeen patients underwent invasive coronary angiography,

nd diagnostic performance was assessed within these patients on
 per segment basis (224 AHA segments). The sensitivity, speci-
city, positive likelihood ratio, and negative likelihood ratio for the
etection of stenosis > 50% was indistinguishable between groups
DE-CTCA84.4% (69.9–93.0%), 87.1% (81.6–91.2%), 6.5 (4.5–9.5),
.18 (0.09–0.35), respectively; and SE-CTCA 84.4% (69.9–93.0%),
7.1% (81.6–91.2%), 6.5 (4.5–9.5), 0.18 (0.09–0.35), respectively].

.2. Signal density and signal to noise ratio

At the aortic root, SE-CTCA acquisitions with full iodine load
chieved mean signal density levels of 374.0 ± 88.1 HU and mean
oise levels of 31.2 ± 8.2 HU; whereas mean signal density and
oise levels of DE-CTCA acquisitions with half iodine load at 60 keV

econstructions with iterative reconstruction were 321.6 ± 63.1 HU
nd 25.2 ± 7.9 HU (p < 0.0001 for both comparisons), respectively.

The average signal density of the four coronary arteries (left
ain, left anterior descending, left circumflex, and right coro-
nary artery) was 352.8 ± 83.6 HU for SE-CTCA acquisitions and
281.3 ± 49.3 for DE-CTCA acquisitions at 60 keV with iterative
reconstruction (p < 0.0001), whereas image noise was higher (SE-
CTCA 31.2 ± 31.9HU vs. DE-CTCA 26.9 ± 12.5HU, p = 0.11). Overall,
signal-to-noise ratio (SE-CTCA 14.5 ± 8.9 vs. DE-CTCA 11.6 ± 7.1,
p < 0.001) and contrast-to-noise ratio (SE-CTCA 18.0 ± 11.5 vs. DE-
CTCA 15.5 ± 9.6, p = 0.02) were higher among SE-CTCA acquisitions.
Table 2 and Figs. 1 and 2 depict signal density and noise levels,
signal-to-noise ratio and contrast-to-noise ratio at different regions
of interest of SE-CTCA and DE-CTCA acquisitions.

4. Discussion

Our main findings can be summarized as follows: (1) DE-
CTCA allowed 50% iodine load reduction, with comparable image
interpretability than full iodine load with conventional SE-CTCA
imaging; (2) In the subset of patients who underwent invasive coro-
nary angiography, iodine load reduction did not have an impact on
the diagnostic performance.

The incidence of contrast-induced acute kidney injury is highly
associated with traditional cardiovascular risk factors [13]. Indeed,
a recent study established that diabetic patients with preserved
renal function are at higher risk of renal function deterioration
after CTCA [14]. An incidence of contrast-induced acute kidney
injury contrast-induced acute kidney injury of up to 11% has
been reported in the outpatient setting of contrast-enhanced
CT angiograms [15]. Several prophylactic strategies have been
attempted, although none has conclusively achieved overall sat-
isfactory results. In this respect, the lack of adequate oral hydration
has been identified as an independent predictor of worsening
renal function after CTCA, and therefore sufficient oral fluid intake
appears so far as the most cost-effective prevention strategy
[16,17]. Contrast volume reduction has emerged as an impor-
tant modifiable risk factor, and several technical and procedural
developments have been implemented in the last decade aimed at
reducing iodine volume load, even by means of central superior

vena cava contrast injection [4,18].

In the present study, we reduced the iodine volume load
required in CTCA by 50% by using low energy monochromatic imag-
ing which is related to higher intravascular attenuation levels [8].
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Fig. 2. Seventy-three year old female with effort dyspnea. Curved multiplanar reconstructions portray a ≥99% lesion (arrows) at the proximal left circumflex using single
energy  CT (panel A) performed with 64 ml  of iodinated contrast, and dual energy CT (panel B) performed with 32 ml  of contrast and reconstructed at 60 kev with 40% ASIR.
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he  invasive coronary angiography (panel C) confirms the findings. The mean sign
T,  whereas the mean noise was 33 HU for single energy CT and 20 HU for dual ene

Previous studies have shown the feasibility of reducing contrast
olume by means of low voltage and/or DE-CTCA at different vas-
ular territories, including pulmonary CTA, aortic CTA, and CTCA
8,9,19,20]. Recently, Liu et al. reported a significant reduction in
ontrast volume administration using high-pitch mode CTCA. Nev-
rtheless, the lack of sizeable differences in signal density values
ight have been influenced by the fact that the reference stan-

ard already had a significant reduction in iodine volume injection
0.7 ml/kg), possibly attributed to the fact that Asian patients have
n general a low body mass index [21]. In another study, third-
eneration high-pitch CTCA at lower tube voltage (70 kV) resulted
n comparable image quality, at significantly reduced radiation
ose and contrast medium volume [22]. Nonetheless, dual source
canners are not widely available and high-pitch acquisitions are
ligible only for non-obese patients with stable low heart rate,
referably ≤60 bpm [23]. In parallel, it has been very recently
eported that 320-row CT scanners might generate strong con-
rast enhancement due to decreased photon energy, thus enabling

 significant reduction in contrast volume and radiation dose [24].
Our study demonstrated the feasibility of performing CTCA with

alf iodine load using DE-CTCA imaging, with similar interpretabil-
ty than conventional SE-CTCA acquisitions. In turn, signal-to-noise
nd contrast-to-noise ratios were significantly lower with DE-
TCA, mainly driven by the fact that signal density levels at 60 keV
ere lower than those with SE-CTCA. It should be noted though,

hat DE-CTCA at lower energy levels (40/50 keV) achieved greatly
igher CT values, although at detriment of increased image noise.
o date, iterative reconstruction algorithms are available only from
0 keV, whereas current work-in-progress aimed at developing
lgorithms for the lowest energy levels are expected to attain a
ignificant reduction in noise levels. This might improve signal-
o-noise ratio at 40/50 keV, potentially leading to further contrast
olume reductions without compromise of image quality. In paral-
el, the ability of DE-CTCA to reconstruct images at a wide energy
pectrum might potentially enhance the evaluation of coronary
therosclerosis at different stages, being lower monochromatic
nergy levels more appropriate to evaluate soft tissues and higher
nergy levels more suitable for hard tissues such as calcium and
tents [25]. Moreover, in a subset of patients who underwent inva-
ive coronary angiography, diagnostic performance was  similar
etween groups. Finally, it is worth mentioning that one of the main
trengths of our study was the fact that patients underwent both
rotocols thus avoiding selection bias in this regard.

In a contemporaneous study to the present investigation in
hich we were also involved, DE-CTCA allowed a 50% reduction in
odine administration while maintaining diagnostic interpretabil-
ty, signal-to-noise ratio, and contrast-to-noise ratio; with slight
ompromise in subjective image quality scores [26]. Two main dif-
erences can be recognized between these studies. Firstly, Raju et al.
sity at the aortic root was 361 HU for single energy CT and 357 HU for dual energy
.

randomly assigned patients to SE-CTCA or DE-CTCA, whereas in our
study all patients underwent DE-CTCA and SE-CTCA. And secondly,
our study included a subset of patients who underwent invasive
coronary angiography, providing exploratory findings regarding
the potential impact of iodine volume load reduction on the diag-
nostic performance.

Our findings add to the increasing evidence supporting the
reduction of contrast material administration during CTCA stud-
ies without significant compromise in image quality. A substantial
reduction in iodine load might have major clinical implications in
selected populations such as diabetics, patients with impaired renal
function, and in the elderly. As a matter of fact, in patients with
chronic kidney disease undergoing invasive angiography the use of
ultra low (<50 ml)  contrast volume was associated with a reduction
in contrast-induced acute kidney injury, with each additional 20 ml
leading to a twofold increase in risk [27]. In our study, a similar
image interpretability and diagnostic performance was  achieved
with a mean contrast volume within the DE-CTCA group of 32 ml.
Accordingly, though preliminary and hypothesis generating since
we neither tested at risk patients, nor we screened serum creati-
nine levels before and after the scans, our findings might potentially
have relevant clinical implications for patients at risk for contrast-
induced acute kidney injury.

A number of limitations should be acknowledged. The rela-
tively small sample size might lead to selection bias. Given the
fact that all patients underwent both DE-CTCA and SE-CTCA on a
per-protocol basis, including a larger population was  discouraged
by the Ethics committee due to obvious ethical reasons. Since we
excluded patients with a history of previous coronary revascular-
ization and those with a body mass index > 32 k/m2, our results
cannot be extrapolated to all patients referred to CTCA. Moreover,
it should be recognized that the primary outcome was the eval-
uation of image quality and interpretability therefore diagnostic
performance analysis, based on a subset of 17 patients who under-
went invasive angiography, should be considered as exploratory.
Likewise and for the same reason, analyses on a per patient basis
were not performed. In addition, low energy DE-CTCA imaging is
contraindicated in obese patients since it is associated to increased
image noise. Finally, the test bolus consisting in 20 ml  of further
contrast material might be avoided shortly with the advent of a
bolus tracking technique that will enable a synchronized scan with
respect to the arrival of contrast at the level of the coronary arteries
.

5. Conclusions
In this pilot, prospective study, dual energy CTCA imaging with
half iodine load achieved comparable interpretability than full
iodine load with single energy CTCA.
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