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Abstract

Objective To measure myocardium iodine concentration
(MIC) in patients with cardiac amyloidosis (CA) using dual-
energy computed tomography (DECT).

Methods Twenty-two patients with CA, 13 with non-amyloid
hypertrophic cardiomyopathies (CH) and 10 control patients
were explored with pre-contrast, arterial and 5-minute DECT
acquisition (Iomeprol; 1.5 mL/kg). Inter-ventricular septum
(IVS) thickness, blood pool iodine concentration (BPIC),
MIC (mg/mL), iodine ratio and extra-cellular volume (ECV)
were calculated.

Results TVS thickness was significantly (p < 0.001) higher in
CA (17 +£4 mm) and CH (15 £ 3 mm) patients than in control
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patients (101 mm). CA patients exhibited significantly

(p<0.001) higher 5-minute MIC [2.6 (2.3-3.1) mg/mL], 5-

minute iodine ratio (0.88 +£0.12) and ECV (0.56 +£0.07) than

CH [1.7 (1.4-2.2) mg/mL, 0.57+0.07 and 0.36 +0.05, re-

spectively] and control patients [1.9 (1.7-2.4) mg/mL, 0.58

+0.07 and 0.35 = 0.04, respectively). CH and control patients

exhibited similar values (p = 0.9). The area under the curve of

5-minute iodine ratio for the differential diagnosis of CA from

CH patients was 0.99 (0.73—1.0; p =0.001). With a threshold

of 0.65, the sensitivity and specificity of 5-minute iodine ratio

were 100% and 92%, respectively.

Conclusion Five-minute MIC and iodine ratio were increased

in CA patients and exhibited best diagnosis performance to

diagnose CA in comparison to other parameters.

Key point

* Dual-energy computed tomography can be used to detect
cardiac amyloidosis

* Five-minute myocardial iodine concentration and iodine ra-
tio increase in cardiac amyloidosis

* Among iodine parameters, 5-minute iodine ratio has the best
diagnosis performance

Keywords Amyloidosis/diagnosis - Amyloidosis/
complication - Dual-energy computed tomography - Cardiac
imaging techniques - Iodine map

Abbreviations

BPIC  Blood pool iodine concentration
CA Cardiac amyloidosis

CH Cardiac hypertrophy

DECT Dual-energy computed tomography
EMB  Endo-myocardial biopsy
ECV  Extra-cellular volume
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GSI Gemstone spectral imaging
HCM  Hypertrophic cardiomyopathy
IVS Inter-ventricular septum

AL Light-chain amyloidosis

MIC Myocardium iodine concentration
ATTR  Transthyretin amyloidosis
Introduction

Systemic amyloidosis is a multisystem disease caused by the
deposition of abnormal proteins within tissues and organs [1,
2]. Cardiac amyloidosis (CA) is relatively rare, but associated
with a high rate of morbidity and mortality [3]. The most
common imaging techniques used to non-invasively diagnose
CA are transthoracic echocardiography, bone scintigraphy and
magnetic resonance imaging (MRI) [1, 4-7]. Diagnostic ac-
curacy of transthoracic echocardiography is relatively limited
because of thickening of the cardiac wall that is less specific
[8]. Bone scintigraphy exhibits the highest diagnostic perfor-
mance for diagnosis of transthyretin amyloidosis (ATTR) with
a sensitivity and specificity close to 100%, but its role is lim-
ited for diagnosis of light-chain amyloidosis (AL). Cardiac
MRI can identify CA with a good specificity and sensitivity,
frequently reported higher than 80% [2-5, 7]. MRI of CA
typically reveals thickening of the cardiac wall and sub-
endocardial or diffuse myocardial late gadolinium enhance-
ment (LGE) due to an increase in extra-cellular volume
(ECV) induced by amyloid protein deposit [3, 9, 10].
However, quantification of amyloid burden is challenging be-
cause of difficulty to detect a normal myocardial area [11, 12].
To overcome this problem, new quantitative MRI parameters
such as measurement of myocardial T1 on a mapping se-
quence [10, 13, 14] and calculation of ECV [9, 10] have been
proposed.

Cardiac multi-detector computed tomography (MDCT) has
experienced rapid technological developments in recent years
[15, 16]. Among them, dual-energy computed tomography
(DECT) offers the possibility to non-invasively measure myo-
cardium iodine concentration (MIC) after administration of
iodine contrast [9, 17-20]. DECT offers some theoretical ben-
efits to diagnose CA in comparison to MRI: MIC is a quanti-
tative parameter that may reflect myocardial involvement, it
provides high-resolution images and it is not limited by spe-
cific MR contra-indications or limitations such as pacemakers
or implanted cardioverter defibrillators. A few studies have
reported higher ECV [19, 21] and an increase in myocardial
attenuation after iodine administration in CA [22]. We
hypothesised that CA patients would exhibit greater myocar-
dial uptake of iodine contrast medium because of the in-
creased ECV. Therefore, we aimed to: 1) quantify MIC using
DECT in patients with CA compared to patients with non-
amyloid cardiac hypertrophy and control patients, and 2)

evaluate the diagnostic accuracy of MIC measurement for
CA diagnosis.

Materials and methods

The study was approved by our local research ethics commit-
tee. From January 2015 through March 2016, 25 consecutive
patients with CA and 14 consecutive patients with non-
amyloid hypertrophic cardiomyopathy (CH) addressed in
our institution for cardiac CT were considered for this study.
Exclusion criteria were difficulties to obtain cardiac synchro-
nisation (n=2) and severe renal insufficiency (creatinine >
150 pmol/L; n=2). Thirty-five patients (22 patients with
CA and 13 patients with CH) were finally included and
explored with DECT. Each included patient provided
written informed consent. Ten control patients referred in
our centre for cardiac CT were also included and explored
with DECT.

Population characteristics (Table 1)

Among the 22 CA patients included, 15 had transthyretin
amyloidosis [12 with senile amyloidosis and 3 with familial
transthyretin amyloidosis (ATTR)] and 7 had AL. All the
ATTR and AL patients had histological confirmation of sys-
temic amyloidosis with tissue sample. For the AL patients
(n=7), diagnosis of CA was based on a positive
endomyocardial biopsy (EMB; n=4; 57%) or typical pattern
of CA on MRI defined as a left ventricular (LV) myocardium
thickening (end-diastolic thickness of LV wall >12 mm) asso-
ciated with a diffuse or circumferential enhancement of the LV
myocardium on LGE sequences (n=7; 100%). For the pa-
tients with senile amyloidosis (n=12), diagnosis of CA was
based on significant heart retention of 99mTc-HMDP bone
tracer on scintigraphy (n=12; 100%) [3-5, 7]. All patients
with ATTR amyloidosis (n = 3) had a positive EMB that con-
firmed CA. Among the 22 patients with CA, 6 (27%) had an
intra-cardiac device (ICD) and were not explored by cardiac
MRI.

Among the 13 CH patients, 5 had sarcomeric hypertrophic
cardiomyopathy (HCM), 3 had hypertrophy due to aortic ste-
nosis, 3 had hypertensive hypertrophy and 2 had mixed
actiology (aortic stenosis plus hypertensive hypertrophy).

The 10 control patients had been referred for cardiac CT
because of suspicion of thrombus within a left appendage (n =
8), suspicion of an intra-cardiac mass (n = 1) and suspicion of
coronary stenosis (n=1). All but two cardiac CTs were con-
sidered normal: these two patients exhibited a thrombus with-
in the left appendage.

@ Springer



818

Eur Radiol (2018) 28:816-823

Table 1 Population

£

characteristics CA (n=22) CH (n=13) Control patients (n=10) p
Age (years) 75+11 70+ 14 6110 0.02%
Male (%) 13 (59) 8(62) 2 (20) 0.008"
Haematocrit 0.39 (0.36-0.41) 0.39 (0.37-0.40) 0.39 (0.36-0.44) 0.8
Nt-pro BNP (ng/L) 3743 (2365-6596) 1871 (1015-3751) 88 (59-162) 0.001&
Troponin (pg/mL) 53 (39-95) 29 (14-50) 5(4-9) 0.001#
Creatinine (umol/L) 110 (82-128) 97 (84-124) 83 (73-98) 0.07
IVS (mm)* 17 (14-20) 16 (14-19) 9 (8-10) 0.001°
GLS (-%)* 10+3 14+6 NA 0.1
LVEF (%)* 46 (42-59) 60 (41-67) 56 (51-61) 0.2

Data are given as mean + standard deviation (SD), median (inter-quartile) or mean (percentage)

CA = cardiac amyloidosis; CH = cardiac hypertrophy; GLS = global longitudinal strain; LVEF = left ventricular
ejection fraction; NA =not applicable; IVS inter-ventricular septum thickness.

*: measured on transthoracic echocardiography

£: Control patients vs. CA patients

$: CA vs. CH patients: p non-significant (>0.1)

& CA vs. CH patients: p =0.02
#: CA vs. CH patients: p=0.07

All CA and CH patients underwent echocardiography for
measurement of global longitudinal strain (- %), diastolic
inter-ventricular septum thickness (IVS; mm) and left ventric-
ular ejection fraction (LVEF). NT-pro BNP level (ng/L), cre-
atinine level (umol/L), haematocrit and troponin (pg/mL)
levels were also recorded. The same parameters were recorded
for the control patients except for global longitudinal strain.
All patient characteristics are reported in Table 1.

DECT protocol

All patients were scanned by 128-slice DECT (HD 750; General
Electric, MI, USA). Gantry rotation time was 330 ms and a 64 x
1.25-mm-wide detector collimation was used. Prospective ECG
triggering was used to reduce X-ray exposure. A gemstone spec-
tral imaging (GSI) protocol was performed. This protocol uses a
rapid (every 140 micro-seconds) kilo-voltage switching (80/140
kVp) and a specific gemstone detector to perform dual-energy
acquisitions. Tube current was fixed to 400 mA, both for 80-
and 140-kVp acquisitions.

The GSI protocol was performed three times for all
patients and control subjects: before contrast medium
injection, at the arterial phase and 5 minutes after iodine
contrast administration [injection of 1.5 mL/kg of con-
trast medium (lomeprol 400; Bracco Imaging, France)
flushed by saline, injection rate was 4.0 mL/s]. To
achieve adequate vascular arterial enhancement, bolus
tracking was performed by placing a region of interest
(ROD) in the aortic arch with a trigger threshold of 200
Hounsfield units (HU). A 50% adaptive statistical
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iterative reconstruction (ASIR) technology (GE; MI,
USA) was used for image reconstruction. Dose—length
product (DLP) was recorded for all patients. The effec-
tive radiation dose (mSv) was calculated by multiplying
the DLP (mGy.cm) by the conversion factor for the
thorax k (k=0.014 mSv/mGy/cm).

Image analysis

Images were analysed in consensus in a blinded manner on a
dedicated platform (ADW 4.6; General Electric, MI, USA) by
two readers (V.C. and J.F.D.) with 2 and 15 years of experi-
ence in cardiac imaging, respectively. One reader (V.C.) per-
formed the measurements and was approved by the other. IVS
thickness was measured on a multi-planar reconstruction per-
formed in the mid-short axis plane of the left ventricle on
arterial images. A volume of interest of at least 5 mL was
manually defined in the middle part of the IVS from manual
contouring of all contiguous axial slices of the arterial data set,
and pasted on the unenhanced 5-minute images. Segmentation
of unenhanced and 5-minute volumes was manually adjusted
if the heart was not exactly at the same position. A volume of
interest of at least 5 mL was also defined in the blood pool of
the left ventricle on each data set. Mean attenuations (HU) of
the IVS and blood pool were noted for each acquisition. The
mean MIC (mg/mL) and the mean blood pool iodine concen-
tration (BPIC; mg/mL) were calculated from each data set by
using commercially dedicated software (GSI viewer; GE, M1,
USA) that extracts iodine concentration (iodine-water as the
basic substance; Fig. 1). The iodine concentration ratio was
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also calculated by dividing MIC by BPIC on arterial (arterial Finally, ECV was calculated from haematocrit and
iodine ratio) and 5-minute (5-minute iodine ratio)  attenuation values of the myocardium and blood pool
acquisitions. using the following formula [9, 19, 21, 23]:

ECV = (1' haematocr 1t) X ((HUmyocardium Smin™ HUmyocardium before injection) / (HUblood Smin™ HUblood before injection))

Statistical analysis non-parametric Mann—Whitney U test. Associations between
iodine parameters and clinical parameters were evaluated by
Continuous variables are expressed as median (inter-quartile), ~ calculating Pearson correlation coefficients. Receiver operat-

mean + standard deviation or percentage + standard deviation  ing characteristic (ROC) analysis, with corresponding mea-
depending of normal or abnormal distribution. Because of the ~ sures of statistical uncertainty (i.e., 95% confidence inter-
low number of patients, we used a nonparametric Kruskal— vals), was applied to arterial MIC, 5-minute MIC, arterial
Wallis test to evaluate the significance of differences between  iodine ratio, 5-minute iodine ratio and ECV to identify the
the three groups. In case of significance, a Mann—Whitney U cut-off values for CA diagnosis. Because the most relevant
test with Bonferroni correction was used. Sub-group analysis  clinical question for the CA diagnosis was to exclude CA
between ATTR and AL amyloidosis was performed with a  from other causes of left ventricular hypertrophy, the control

Fig. 1 Examples of arterial (a, ¢)
and 5-minute (b, d) DECT images
obtained in one patient with CA
(top row) and one patient with CH
(bottom row). Myocardium
iodine concentration (MIC)
measured on arterial acquisition
within the inter-ventricular
septum (red line) was in the same
range in the CA (2.76 mg/mL)
and CH (3.28 mg/mL) patient.
The CA patient exhibited a much
higher MIC on delayed
acquisition (3.44 mg/mL) than the
CH patient (1.86 mg/mL). Note
the lower contrast between blood
pool and myocardium in the CA
patient compared to the CH
patient on delayed acquisition
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group not considered for the ROC analysis. The cut-off
values were determined using Youden’s test. Differences
were considered significant if p <0.05. Analyses were per-
formed with SPSS 16.0 software (SPSS Inc., IBM, Chicago,
IL, USA).

Results
Population characteristics

Patients with CA and CH were older and more likely to be
male in comparison to control patients. They exhibited signif-
icantly higher levels of NT pro-BNP, troponin and creatinine
and higher values of IVS thickness than the control subjects.
LVEF and global longitudinal strain tended to be lower in CA
than in CH patients, but there were no significant differences
between these two groups. All data are reported in Table 1.

Radiation exposure

Mean DLP was in the same range (p=0.9) for all pa-
tients: 567 +£220, 568 £ 140 and 600+ 170 mGy.cm for
CA, CH and control patients, respectively. The effective
radiation dose was 7.9+3.1 mSv for CA, 8.0+£2.0 mSv
for CH and 8.4+2.4 mSv for control patients.

Comparison of DECT parameters between groups
(Table 2)

Both CA and CH patients exhibited significantly
(p<0.001) higher values of IVS thickness (17+4 and 15+
3 mm, respectively) than control subjects (10 = 1 mm). Before
injection, MIC and BPIC were in the same range in all three
groups (Table 2). At the arterial phase, MIC did not exhibit
significant differences between groups [3.3 (3.1-3.9), 3.3
(2.8-3.7) and 3.9 (3.3-5.0) mg/mL for CA, CH and control
subjects, respectively], but BPIC was significantly (p =0.01)
higher in CA [19. 2 (16.2-22.4) mg/mL] than in CH patients
[14.3 (11.0-16.9) mg/mL] and control subjects [15.6 (10.8—
19.5) mg/mL]. The arterial iodine ratio was significantly
(»<0.001) lower in CA patients (0.18 =0.04) than in CH
patients (0.24 +0.08) and control subjects (0.30 £0.06).

On the 5-minute acquisition, MIC was significantly higher
(»p<0.001) in CA patients [2.6 (2.3-3.1) mg/mL] than CH
[1.7 (1.4-2.2) mg/mL] and control subjects [1.9 (1.7-2.4)
mg/mL]. Five-minute iodine ratio was also significantly
higher (p<0.001) in CA patients (0.88 +0.12) than CH
(0.57+0.07) and control subjects (0.58 =0.07). ECV exhibit-
ed similar differences: it was significantly higher (p <0.001)
in CA patients (0.56 + 0.07) than CH (0.36 £ 0.05) and control
subjects (0.35 +0.04). CH and control patients did not exhibit
significant differences for 5-minute MIC, 5-minute iodine ra-
tio and ECV. Five-minute BPIC was in the same range for the

Table 2 Comparison of inter-

ventricular septum (IVS) CA(n=22) CH(n=13) Control patients @=10)  p
thickness, myocardium iodine N
concentration (MIC), blood poo] IVS thickness (mm) 17+4 15+£3 101 <0.001"
iodine concentration (BPIC), Unenhanced MIC (mg/mL) 0.11 (0.05-0.17)  0.05 (0.03-0.18)  0.16 (0.1-0.28) 0.2}
iodine ratio and extracellular Unenhanced BPIC (mg/mL)  0.12 (0.07-026)  0.17 (0.06-0.25)  0.12 (0.08-0.25) 0.9%
volume (ECV) between groups ] A
Arterial MIC (mg/mL) 33(3.1-3.9) 33 (2.8-3.7) 3.9 (3.3-5.0) 0.2%
Arterial BPIC (mg/mL) 192 (162-22.4) 143 (11.0-16.9)  15.6 (10.8-19.5) 0.01%
Arterial iodine ratio 0.18+0.04 0.24+£0.08 0.30+£0.06 <0.001%
5-minute MIC (mg/mL) 2.6 (23-3.1) 1.7 (14-22) 1.9 (1.7-2.4) <0.001"
5-minute BPIC (mg/mL) 3.1 (2.6-3.5) 3.0 (2.6-4.0) 3.4 (2.7-42) 0.6%
S-minute iodine ratio 0.88+0.12 0.57+£0.07 0.58+0.07 <0.001*
ECV 0.56+0.07 0.36+0.05 0.35+£0.04 <0.001*

Data are given as median (inter-quartile) or mean + standard deviation depending of normal or abnormal

distribution.

BPIC =blood pool iodine concentration; CA = cardiac amyloidosis; CH = cardiac hypertrophy; ECV = extra-
cellular volume; IVS = inter-ventricular septum; MIC = myocardial iodine concentration

*: Control patients vs. CA and CH patients (CA vs. CH patients; p =0.4)

§: No significant difference between all groups

£: CA patients vs. CH patients and CA patients vs. control patients (CH vs. control patients; p =0.9)
$: Control patients vs. CA patients (CA vs. CH patients, p = 0.04; CH vs. control patients; p =0.1)

#: CH vs. control patients; p = 0.4

@ Springer



Eur Radiol (2018) 28:816-823

821

three groups. Examples of arterial and 5-minute DECT seg-
mentations on images for a CA and CH patient are reported in
Fig. 1.

ROC curve analysis (Fig. 2)

Patients with CA formed the positive case group and
CH patients were considered as negative cases. Control
patients were excluded so as to reflect clinical practice.
The areas under curve (AUCs) of arterial and 5-minute
MIC for diagnosed CA patients as opposed to CH patients
were 0.53 (95% CI: 0.32-0.75, p=0.7), and 0.84 (95% CI:
0.72-0.99, p<0.005), respectively. With a cut-off of
2.2 mg/mL, the sensitivity and specificity of 5-minute
MIC to diagnose CA were 82% and 75%, respectively.
Higher performances were noticed for iodine ratios: the
AUCs of arterial and 5-minute iodine ratio were 0.72
(95% CI: 0.53-0.91, p<0.05) and 0.99 (95% CI: 0.96—
1.02, p<0.001), respectively. With a threshold of 0.65,
the sensitivity and specificity of 5-minute iodine ratio were
100% and 92%, respectively. For ECV, a value of 0.45
resulted in 100% discrimination between CA and CH
patients.

Fig. 2 Receiver operating
characteristic (ROC) curves to 10

Relationship between iodine parameters and clinical
parameters

Weak, but significant, correlations were observed be-
tween S-minute MIC, IVS thickness (r=0.34; p=0.02)
and global longitudinal strain (r=-0.32; p=0.03). The
S5-minute iodine ratio was also correlated with IVS
thickness (r=0.42; p<0.05), global longitudinal strain
(r=-0.47; p<0.05), troponin level (r=0.34; p<0.05)
and NT-pro BNP level (r=0.37; p=0.02). In terms of
blood pool measurements, arterial BPIC was negatively
correlated with LVEF (r=-0.43, p=0.004). Five-minute
iodine ratio and ECV were highly correlated with each
other (r=0.92; p<0.0001).

Sub-group analysis

ECV and 5-minute iodine ratio trended to be higher in patients
with TTR (0.58 +£0.07 and 0.90 + 0.13, respectively for ECV
and 5-minute iodine ratio) than in those with AL (0.52 +0.04
and 0.83 +0.08, respectively for ECV and 5-minute iodine
ratio), but these differences did not reach statistical signifi-
cance (p=0.05 and 0.1, respectively for ECV and 5-minute
iodine ratio).

ROC Curve

detect the optimal threshold of AUC=0.99 ‘
MIC on 5-minute acquisition.
AUC values were 0.53,0.72, 0.84
and 0.99, respectively, for arterial AUC=0.84
MIC (blue line), arterial iodine
ratio (green line), 5-minute MIC 0.8+ —
(yellow line) and 5-minute iodine AUC=0.72
ratio (purple line)
0,6
£
2
s
c
)
(7]
o AUC=0.53 Purple: 5-minute
1odine ratio
Green: 5-minute
- MIC
Yellow: arterial
1odine ratio
Blue: arterial MIC
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Discussion

We report here that measurement of iodine concentration within
the myocardium with DECT may be of interest to detect CA in
patients with myocardial hypertrophy. The significant increase in
5-minute MIC, 5-minute iodine ratio and ECV that we observed
in the CA patients is probably related to the abnormal deposit of
amyloid proteins within the myocardium [23, 24]. Greater ECV
facilitates passive diffusion of iodine contrast medium within the
myocardium [25], as for gadolinium, and tends to increase local
concentrations [9, 26]. Among the iodine parameters, the 5-
minute iodine ratio emerged as being especially relevant for de-
tecting CA with performances in the same range as ECV. It is
relatively easy to calculate, can be obtained from a single delayed
acquisition and does not require haematocrit value (unlike ECV).
In addition, it was significantly correlated with biological and
clinical parameters, suggesting that this parameter may be consid-
ered as a tracker of amyloid burden, a major marker of outcome in
systemic amyloidosis [1, 12, 24, 26-28]. Further studies will be
necessary to confirm this hypothesis that has not been evaluated
in this study.

Differences in iodine parameters between CA, CH and
control patients were more subtle at the arterial phase. CA
patients exhibited a higher value of BPIC than CH and control
patients probably because their relatively low LVEF slowed
down the dilution of iodine within the left ventricular cavity.
This hypothesis is reinforced by the negative relationship be-
tween BPIC and LVEF that we observed. CA (and CH) pa-
tients also tended to have lower values of MIC in comparison
to control patients. This difference may be related to the slow
diffusion of iodine contrast within the thickened myocardium,
as recently suggested [16, 22]. Altogether, these contrasting
variations in MIC and BPIC explain the lower value of the
iodine ratio observed in CA patients compared to CH and
control patients. Although significant, the lower arterial iodine
ratio exhibited a lower diagnostic performance (AUC = 0.72)
than the 5-minute iodine ratio (AUC =0.99) to detect CA.

In the present work, we observed that ECV was of excel-
lent diagnostic value for CA. Our results are in line with
Treibel et al. [21] who reported a significant increase in
ECV in 26 patients with CA using MDCT. More recently,
Lee et al. [19] reported similar results using DECT in patients
with different sorts of non-ischemic cardiomyopathies. Our
sub-group analysis revealed that ECV trended to be higher
in patients with ATTR than in those with AL. Interestingly,
such a difference has previously been reported using cardiac
MRI [29]. The authors hypothesise that this difference is re-
lated to the differential myocyte response to amyloid infiltra-
tion, with true hypertrophy and infiltration in TTR amyloid-
osis, whereas, in AL, the increase in ventricular wall thickness
is caused by extracellular expansion alone. To the best of our
knowledge, this difference between types of CA has never
been reported using CT.

@ Springer

While DECT is not a first-line examination to diagnose CA,
our results reinforce the fact that it may be considered as an
alternative technique, especially in case of difficulties to perform
cardiac MRI, for instance, for patients with claustrophobia or an
ICD [5]. In the present study, a significant percentage of patients
(27%) had an ICD. Other advantages can be mentioned: image
acquisition is faster and DECT examination is cheaper than car-
diac MRI. Quantitative parameters can also be extracted more
easily from DECT images than from MRI in which signal inten-
sity is not directly related to gadolinium concentrations. While it is
true that DECT is less widely available than standard MDCT, it
offers great opportunities in terms of material characterisation and
detection of myocardial ischemia and will hopefully become
more widespread.

Some limitations of our study deserve to be mentioned. First,
the sample size is relatively small because of the scarcity of CA.
Second, EMB was not systematically performed in our patients
and diagnosis of CA was based on several diagnosis tests.
Therefore, it was not possible to perform correlations with histo-
logical parameters and to evaluate precisely diagnosis perfor-
mance of DECT in comparison to other tests. The lack of
EMB reflects clinical practice in our centre: we do not systemat-
ically perform EMB because of potential sampling errors and
risks pertaining to the procedure. In addition, some authors sug-
gest that it should no longer be used as gold standard in CA [30].
Third, three DECT acquisitions were performed in our protocol,
resulting in significant X-ray exposure. However, our results
suggest that a single S5-minute acquisition may be sufficient to
diagnose CA and that this would reduce X-ray exposure. Lastly,
new MR parameters such as native T1 myocardial measurement
with mapping sequences were not available, precluding correla-
tions with iodine parameters.

Measurement of MIC is feasible using DECT in patients
with CA and the 5-minute iodine ratio is of good diagnostic
performance. DECT could represent an alternative diagnostic
tool for patients with suspected CA, for instance in, case of
contraindication to cardiac MRI.
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