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ABSTRACT

Introduction and objectives: Computed tomography does not accurately determine which coronary
lesions lead to myocardial ischemia and consequently further tests are required to evaluate ischemia
induction. The aim of this study was to compare diagnostic accuracy between dual-energy computed
tomography and magnetic resonance imaging in the assessment of myocardial perfusion and viability in
patients suspected of coronary artery disease.
Methods: A prospective study was performed in 56 consecutive patients (39 men [69.6%]; mean age
[standard deviation], 63 [10]; range, 23-81). Computed tomography was performed with the following
protocol: 1, adenosine stress perfusion; 2, coronary angiography; and 3, delayed enhancement. Magnetic
resonance imaging for the evaluation of stress perfusion and delayed enhancement was performed
within 30 days. Two observers in consensus analyzed the perfusion and delayed enhancement images.
Results: We studied 952 myocardial segments and 168 vascular territories. In a per-segment analysis,
the sensitivity, specificity, and positive and negative predictive values of computed tomography
compared with magnetic resonance were 76%, 99%, 89%, and 98% for perfusion defects, and 64%, 99%,
82%, and 99% for delayed enhancement, respectively. In a per-vascular territory analysis, the same
measures were 78%, 97%, 86%, and 95% for perfusion defects, and 72%, 99%, 93%, and 97% for delayed
enhancement, respectively. The mean radiation dose was 8.2 (2) mSv.
Conclusions: Dual-source computed tomography may allow accurate and concomitant evaluation of
perfusion defects and myocardial viability and analysis of coronary anatomy.

© 2013 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L. All rights reserved.

Evaluacion de la isquemia miocardica con tomografia computarizada de doble
fuente: comparacion con la resonancia magnetica

RESUMEN

Introduccion y objetivos: La tomografia computarizada presenta dificultades para determinar qué lesiones
coronarias condicionan repercusion en el miocardio, y es necesario realizar pruebas de induccién de
isquemia. El objetivo del estudio es analizar la seguridad diagnoéstica de la tomografia computarizada
de doble fuente para valorar perfusién y viabilidad miocardica en sospecha de cardiopatia isquémica, en
comparacion con la resonancia magnética.

Meétodos: Estudio prospectivo de 56 pacientes consecutivos, 39 varones (69,6%), de 23-81 (media,
63 + 10) afos de edad. Se realizé tomografia computarizada (con el protocolo: 1, perfusion de estrés con
adenosina; 2, coronariografiay 3, realce tardio) y resonancia magnética con perfusion de estrés y realce tardio
en menos de 30 dias. Dos observadores en consenso analizaron la perfusion y el realce tardio.
Resultados: Se analizaron 952 segmentos miocardicos y 168 territorios vasculares. En un analisis por
segmentos, sensibilidad, especificidad, valores predictivos positivo y negativo de la tomografia en
comparacion con la resonancia para detectar defectos de perfusion fueron del 76, el 99, el 89 y el 98%, y
pararealce tardio, el 64, el 99, el 82 y el 99%. Por territorios vasculares, el 78, el 97, el 86 y el 95% (defectos
de perfusion) y el 72, el 99, el 93 y el 97% (realce tardio). La dosis media de radiacion fue 8,2 4+ 2 mSv.
Conclusiones: La tomografia computarizada de doble fuente permite analizar defectos de perfusion y
viabilidad miocardica de manera precisa y valorar conjuntamente la anatomia coronaria.

© 2013 Sociedad Espariola de Cardiologia. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.
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Abbreviations

CT: computed tomography

DECT: dual-energy computed tomography
DSCT: dual-source computed tomography
MPI: myocardial perfusion imaging

MR: magnetic resonance

INTRODUCTION

Coronary computed tomography (CT) angiography is a useful
technique for evaluating the coronary arteries of patients without
known coronary artery disease. Its high negative predictive value
allows coronary artery disease to be safely ruled out in patients
with normal test results.! However, it is difficult to predict which
stenoses, when present, will result in a deterioration in myocardial
flow,? particularly when there are calcifications of significant or
intermediate severity. Thus, stenosis quantification is not a certain
indicator of myocardial ischemia and the role of imaging in the
diagnosis of myocardial ischemia is incomplete without verifica-
tion of the functional limitation caused by coronary stenoses.’

The hemodynamic status of coronary artery disease can be
evaluated with myocardial perfusion imaging (MPI) during
stress induced by exercise or drugs.* Techniques used to detect
myocardial perfusion defects in routine clinical practice are single-
photon emission computed tomography (SPECT) and magnetic
resonance (MR) imaging. Of these imaging modalities, the latter
has the added value of obtaining delayed enhancement images
that help diagnose myocardial necrosis.’~’

Recent studies have shown that myocardial ischemia can be
assessed by MPI with CT and that the results agree with those of
SPECT and conventional coronary angiography.®~'° Dual-source CT
(DSCT), which has 2 X-ray tubes with corresponding detector
arrays, has important advantages, namely the ability to perform
high pitch and low radiation dose'' and dual-energy CT (DECT)
acquisitions in which each X-ray tube operates at a different
energy. This technique can generate color maps that allow the
evaluation of the myocardial perfusion status via the analysis of
the iodine volume in the myocardium.

Recent studies of MPI with DECT have demonstrated high
accuracy in the detection of myocardial ischemia.'> Moreover, the
combination of MPI with DECT increases the diagnostic value of
coronary CT angiography for the detection of significant coronary
stenoses.'®> Furthermore, high-pitch acquisition with a low
radiation dose has shown good accuracy in the assessment of
myocardial viability in comparison with MR imaging, despite an
increase in image “noise”.'“ The ability of this imaging modality to
simultaneously obtain data on coronary anatomy, functional
effects of lesions, and myocardial necrosis-viability in a single
test could be the desired “one-stop shop” for complementary tests
for coronary artery disease.

The aim of this study was to compare the diagnostic accuracy of
DSCT with that of MR imaging in the assessment of myocardial
perfusion and viability in patients with clinical suspicion of
ischemic heart disease.

METHODS
Study Population
This was a prospective study that included those patients

who attended a cardiology clinic with clinical suspicion of
ischemia and with positive stress test results. All patients were

suggested to undergo DSCT and cardiac MR imaging with an
interval of <30 days between tests. We excluded patients with
asthma, allergy to iodine or gadolinium contrast agent, irregular
heart rate, pacemaker, renal failure with a glomerular filtration
rate<60 mL/min, hypertrophic cardiomyopathy, dilated cardio-
myopathy with a left ventricular ejection fraction (LVEF)>30%,
or functional class III or IV heart failure.

The study protocol was approved by the institutional ethics
committee and all patients gave written informed consent before
inclusion.

Imaging Studies
Cardiac Computed Tomography Protocol

Patients were instructed to avoid coffee, tea, and oral beta-
blockers in the 24 h before the scan. Two venous access sites
(18-G for contrast administration, 20-G for adenosine infusion)
were placed in the right arm. Heart rate and blood pressure were
monitored.

All scans were performed on a 128-DSCT system (Flash
Definition®; Siemens, Forcheim, Germany) with the following
protocol:

Stress Dual-energy Computed Tomography to Assess Myocardial
Perfusion

Once scout views from the tracheal bifurcation to the
diaphragm in the craniocaudal direction were taken and the scan
was planned, adenosine was administered with a perfusion pump
(Alaris System, Cardinal Health; Ohio, United States) at a constant
rate of 140 pg/kg/min; 3 min afterward, 60 mL of iopromide
(Ultravist 370, Bayer Schering Pharma; Berlin, Germany) iodine
contrast agent was administered, followed by 60 mL of saline, at
4 mL/s, with an injector (Stellant Dual, Medrad; Pennsylvania,
United States). A retrospective electrocardiogram-gated dual-
energy scan with tube current modulation was performed with the
following technical characteristics: rotation time, 330 ms; heart
rate-dependent pitch, 0.2-0.43, collimation, 0.6 mm; and temporal
resolution, 165 ms. The tubes operated with 165 mAs/rot at 100 kV
and with 140 mAs/rot at 140 kV. Tube current modulation was
performed with the MinDose technique with full tube current
applied between 60% and 75% of the cardiac cycle, which was
reduced to 4% outside this time window.

To achieve adequate enhancement, bolus tracking was per-
formed by placing a region of interest in the aortic arch with a
trigger threshold of 160 HU. A delay of 10 s was added to guarantee
adequate myocardial perfusion.

Adenosine infusion was stopped once the acquisition was
finished. Blood pressure, electrocardiogram, and clinical symp-
toms were carefully monitored.

A monosegment reconstruction algorithm that uses data from a
complete rotation of both detectors was used for image
reconstruction. Data were reconstructed in diastole from 60% to
75% of the R-R interval, with a 3-mm slice thickness, 1.5-mm
reconstruction interval, and D30f reconstruction kernel.

Coronary Computed Tomography Angiography to Assess Coronary
Anatomy

After 5 min, coronary CT angiography was performed. If there
was no contraindication and the heart rate was >65 bpm, beta-
blocker (5-15 mg intravenous metoprolol) was administered. If the
heart rate was stable and <65 bpm, prospective acquisition was
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performed with the high-pitch technique. If a stable heart rate of
<65 bpm could not be achieved, retrospective electrocardiogram-
gated spiral acquisition was performed. Sublingual nitroglycerine
(0.5-1 mg) was administered to all patients.

The technical parameters for the prospective high-pitch
acquisition were as follows: collimation, 0.6 mm (128x0.6 mm);
rotation time, 280 ms; effective tube current, 370 mAs with CARE
DOSE modulation; 100 or 120 Kv current, depending on body
weight <80 or >80 kg, respectively; pitch, 3.4; and temporal
resolution, 75 ms. The acquisition was performed in the caudo-
cranial direction beginning at 60% of the R-R interval.

The technical parameters for the retrospective acquisition
were as follows: collimation, 0.6 mm (128x0.6 mm); rotation
time, 280 ms; 100 or 120 Kv current, depending on body weight
<80 or >80 kg, respectively; effective tube current, 370 mAs;
heart rate-dependent pitch, 0.2-0.43; and MinDose tube current
modulation with the maximum current of the tube between
60% and 75% of the cardiac cycle, reduced to 4% outside this
time window.

Vascular enhancement was achieved by the administration of
60 mL of iopromide (Ultravist 370, Bayer Schering Pharma),
followed by 60 mL of saline, at a constant rate of 6 mL/s. Bolus
tracking was performed by placing a region of interest in the aortic
arch with a trigger threshold of 100 HU.

In all cases, image reconstruction was performed with a 0.6-mm
slice thickness, 0.4 mm, reconstruction interval, and B26f recon-
struction kernel. When the acquisition was retrospective, the
reconstruction was obtained in the phase of the cardiac cycle
where the coronary arteries could best be assessed.

Significant stenosis was considered to be present when the
stenosis size was >50% of the lumen diameter on quantitative
analysis.

The myocardial images of this series were evaluated in resting
perfusion.

Computed Tomography to Assess Myocardial Viability

After 7 min, a prospective acquisition was performed with the
high-pitch technique, with the same settings as those of coronary
CT angiography, except that a lower radiation dose was used with
80 kV and 300 mAs/rot. No intravenous contrast agent or any other
drug was administered.

Image reconstruction was performed with a 0.6-mm slice
thickness, 0.4-mm reconstruction interval, and B26f reconstruc-
tion kernel.

Cardiac Magnetic Resonance Imaging Protocol

Cardiac MR imaging was performed with a 1.5-T MR imaging
system (Achieva, Philips Medical Systems; Eindohven,
Netherlands) with a 5-element surface coil array specific for
cardiac scans (SENSE Cardiac, Philips Medical Systems) and the
following protocol:

First-Pass Stress Perfusion

Intravenous adenosine was administered via a perfusion pump
(Alaris System, Cardinal Health) at a rate of 140 p.g/kg/min. Blood
pressure, heart rate, and oxygen saturation were monitored at 1-
min intervals. After 3 min, a bolus of 0.05 mmol/kg gadobutrol
(Bayer Schering Pharma) intravenous contrast agent was injected
at 4 mL/s with 40 mL of saline at 4 mL/s through the antecubital
vein in the left arm. The first-pass perfusion was performed with a
T1-weighted turbo gradient echo (TGE) sequence (repetition time,
2.2 ms; echo time, 1.04 ms; angle, 50°; slice thickness, 10 mm) in

the short-axis, which included the base, the middle third, and apex
of the left ventricle. The images were acquired at end-diastole to
maximize the intravascular signal.

First-Pass Rest Perfusion

Approximately 5 min after performing the stress perfusion,
contrast was administered again and baseline perfusion was
assessed with the same technique.

Myocardial Viability

After a 10-min wait, the delayed enhancement images were
acquired. Before the viability images were acquired, the optimal
inversion time was calculated to best cancel out the myocardial
signal with a TGE-echo planar sequence (repetition time, 40 ms;
echo time, 5 ms; angle, 15°; slice thickness, 10 mm). For the delayed
enhancement, a T1-weighted 3-dimensional-TGE sequence with a
tissue preparation pulse was used (repetition time, 3.9-4.3 ms; echo
time, 1.2-1.3 ms; angle, 15°; slice thickness, 10 mm). All images were
acquired during breath holding in the short- and long-axes of the left
ventricle and with a 4-chamber view.

Image Postprocessing and Interpretation

The CT and MR imaging reconstructions were independently
interpreted by 2 observers (with 8 and 10 years of cardiac imaging
experience) for each of the 17 myocardial segments of the
American Heart Association classification, without knowing
the results of the other tests. Subsequently, the observers
analyzed the images together to resolve any discrepancies and
reach a consensus.

To evaluate the MPI of DECT, iodine maps in the cardiac short-
axis, with a slice thickness of 5 mm, were generated with Syngo
Multimodality Workplace postprocessing software (Syngo Dual
Energy, Siemens). Perfusion defects were defined as contiguous
and circumscribed areas with a reduction or absence of iodine
compared with that of normal myocardium of the left ventricle.'®

To evaluate myocardial viability on CT, multiplanar reconstruc-
tions were performed on a Leonardo workstation (Siemens) in the
short- and long-axes and the 4-chamber view, with a slice
thickness of 10 mm.

The comparison between CT and MR imaging with regard to the
analysis of perfusion and myocardial viability used MR imaging as
the reference standard.

Radiation Dose

The effective radiation dose for the CT scan was calculated by
multiplying the dose-length product by the conversion factor for
the chest (k=0.014 mSv/mGyxcm) according to the following
formula: estimated effective dose (mSv)=dose-length product
(mGy-cm)x0.014 (conversion factor for the chest; mSv/mGy xcm).'®

Statistical Analysis

In the descriptive statistical analysis, quantitative variables are
expressed as the mean (standard deviation) and qualitative
variables as frequencies or percentages.

With the cardiac MR imaging as a reference, the diagnostic
accuracy of CT for the evaluation of myocardial perfusion defects
and delayed enhancement was expressed in terms of sensitivity,
specificity, positive predictive value, and negative predictive value.

Qualitative variables were assessed with the x? test.
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Table 1
Clinical Characteristics of the Patients
Characteristics Data
Age, years 63.2 (8.4)
Sex
Male 39
Female 17
Weight, kg 76.6 (9.9)
Body mass index 28.9 (2.9)
Resting HR, bpm 63 (9)
Risk factors
Diabetes mellitus 16
Hypertension 28
Smokers 12
Dyslipidemia 27
Treatment
Acetylsalicylic acid 24
Beta-blockers 19
Statins 27
Radiation dose on CT, mSv
Total 8.2 (24)
DECT 52(1.2)
Coronary CT angiography 2.5 (2.1)
Delayed enhancement CT 0.48 (0.19)

CT, computed tomography; DECT, dual-energy computed tomography; HR, heart
rate.

RESULTS
Study Population

The protocol was completed in 56 of the 68 referred patients;
12 patients were excluded because they did not consent to MR
imaging.

The clinical characteristics of the patients and the radiation
doses are summarized in Table 1. The indication for the tests was
chest pain in 51 patients and electrocardiogram changes in 5. One
patient had undergone coronary revascularization surgery and 6
had undergone coronary stent implantation. The mean interval
between CT and cardiac MR imaging was 10.8 (5.1) days.

Cardiac Computed Tomography
Dual-energy Computed Tomography for Myocardial Perfusion

Following adenosine administration, heart rate increased from
63.7 (9.3) bpm at rest to 75.5 (13.8) bpm. There were no major
complications that hampered scan completion, although 9 patients
had 2:1 atrioventricular blocks, 3 had chest discomfort, and 4 had
headache. All these complications resolved after stopping adeno-
sine infusion. The estimated effective dose was 5.2 (1.2) mSv.
Perfusion defects were found in 17 of the 56 patients (30.3%), 29 of
the 168 coronary artery territories (17.2%), and 55 of the 952
myocardial segments studied (5.7%).

Coronary Computed Tomography Angiography

We performed high-pitch prospective acquisition (heart
rate, 57 [6] bpm) in 44 patients and retrospective acquisition
(heart rate, 74 [5] bpm) in 12. The estimated effective dose was 2.5
(2.1) mSv. In a per-patient analysis, 27 had normal coronary

arteries or <50% stenosis, 15 had significant stenosis (single-vessel
disease in 11, 2-vessel in 2, and 3-vessel in 3), and 14 had at least 1
artery that could not be assessed due to an artifact or severe
calcification. In a per-artery analysis, the anterior descending,
right coronary, and circumflex arteries were normal or without
significant stenosis in 37, 34, and 37 patients, with significant
stenosis in 5, 8, and 8 patients, and were impossible to assess in 14,
14, and 11 patients, respectively.

Computed Tomography for Myocardial Viability

Hyperenhancement was seen in 10 of 56 patients (17.8%), 14 of
168 coronary artery territories (8.3%), and 28 of 952 myocardial
segments studied (2.9%). The estimated effective dose was 0.48
(0.19) mSwv.

Cardiac Magnetic Resonance Imaging

Images of a sufficient quality to assess perfusion defects and
delayed enhancement were obtained in all 56 patients. Perfusion
defects were found in 21 patients (37.5%), 33 coronary artery
territories (19.6%), and 68 myocardial segments (7.1%). Delayed
hyperenhancement was seen in 12 patients (21.4%), 18 coronary
artery territories (10.7%), and 37 myocardial segments (3.8%).

Comparison Between Myocardial Perfusion Imaging With
Cardiac Computed Tomography and Cardiac Magnetic Reso-
nance Imaging

The sensitivity, specificity, and negative and positive predictive
values of cardiac CT for perfusion defects and delayed hyper-
enhancement are shown in Table 2.

Of the 62 myocardial segments with perfusion defects on DECT,
55 were found with first-pass perfusion on MR imaging (Fig. 1).
However, the other 7 segments with perfusion defects were not
identified on MR imaging, and 15 segments with perfusion changes
on MR imaging were not seen on DECT perfusion analysis.

Delayed hyperenhancement was found in 28 segments on CT,
of which 23 coincided with those of MR imaging. There were
13 hyperenhanced segments on MR imaging that were not seen on
CT (Fig. 2).

Coronary Computed Tomography Angiography vs Myocardial
Perfusion Defects

We found 21 coronary arteries with stenosis >50% and 107
without stenosis. Table 3 details the relationship between the
coronary CT angiography findings and the presence of perfusion
defects. Of the 14 patients with at least 1 nonassessable coronary

Table 2
Results of the Dual-source Computed Tomography Analysis of Perfusion
Defects and Delayed Hyperenhancement

Sensitivity, % Specificity, % PPV, % NPV, %
Stress perfusion defects
Segments 76 99 89 98
Territories 78 97 86 95
Delayed hyperenhancement
Segments 64 99 82 99
Territories 72 99 93 97

NPV, negative predictive value; PPV, positive predictive value.
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Figure 1. Patient showing concordance between computed tomography and magnetic resonance imaging. A 67-year-old man with significant stenosis in the
circumflex artery (A) and a perfusion defect in the lateral wall of the left ventricle on computed tomography (B) and magnetic resonance imaging (D). Delayed
enhancement was seen with both techniques (C and E).

Figure 2. False negative in computed tomography assessment of the viability of diseased coronaries. A 72-year-old man with lesions in the anterior descending
artery (A) and a perfusion defect in the septum on computed tomography (B) and magnetic resonance imaging (D). The delayed enhancement seen on magnetic
resonance (E) was not seen on computed tomography (C).
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Table 3

Relationship Between Stenosis on Coronary Computed Tomography Angiography and Perfusion Defects on Both Dual-energy Computed Tomography and Magnetic

Resonance Imaging

Arteries Significant stenosis on coronary CT angiography Perfusion defect on DECT Perfusion defect on MR imaging
Negative Positive Negative Positive
LAD No 36 1 35 2
Yes 1 4 2 3
Not assessable 12 2 12 2
RCA No 33 1 29 5
Yes 0 8 1 7
Not assessable 11 3 10 4
CA No 35 2 35 2
Yes 2 6 2 6
Not assessable 9 2 9 2

CA, circumflex artery; CT, computed tomography; DECT, stress dual-energy computed tomography; LAD, left anterior descending artery; MR, stress magnetic resonance

imaging; RCA, right coronary artery.

artery, a perfusion defect was seen on CT in the corresponding
territory in 3 patients.

DISCUSSION

The current study indicates that DSCT is a viable technique that
provides acceptable diagnostic results compared with those of MR
imaging in the assessment of myocardial perfusion. Furthermore,
CT scanning permits an image of the coronary arteries to be
obtained that helps prognostic stratification of atherosclerosis.

Coronary CT angiography is an excellent technique for the
evaluation of coronary artery disease; however, it does not provide
information on myocardial perfusion, because coronary flow is
maintained until the stenosis exceeds 80% of lumen diameter.'”
Accordingly, when coronary artery disease is diagnosed, the effect
on myocardial perfusion can often only be assessed though stress
testing.

The technological development of CT scanners has allowed
good quality perfusion studies to be performed with an appropri-
ate radiation dose. Blankstein et al.'® have reported that stress MPI
studies with DSCT have a sensitivity of 93% and a specificity of 74%
for coronary artery stenosis detection in comparison with SPECT.
Rocha-Filho et al.'® found that the addition of MPI increased the
diagnostic accuracy of coronary CT angiography, thereby enabling
the simultaneous evaluation of anatomy and perfusion.

Recently, Bettencourt et al.>° demonstrated the high sensitivity
and specificity of MPI for both CT and MR imaging in the detection
of significant coronary stenoses in a study that used the fractional
flow reserve as a reference. The authors showed that a CT protocol
that integrates anatomy and perfusion can be as effective as MR
perfusion imaging for the detection of significant coronary artery
lesions.

Another more novel method for performing MPI is DECT,
through which an iodine map can be generated that reflects the
distribution of this contrast agent in the myocardium and which is
based on the specific absorption characteristics of X-rays by
iodine at high and low energy levels.’! Ko et al.">'® reported
that DECT is safe for evaluating myocardial perfusion defects
compared with MR imaging. Furthermore, they demonstrated
that studies with iodine perfusion maps increase the diagnostic
accuracy of coronary CT angiography in patients with known
coronary artery disease.

CT can also assess delayed enhancement because iodine is an
extracellular contrast agent that persists in the presence of

myocardial necrosis. High-pitch DSCT has been shown to be
accurate in the evaluation of delayed enhancement with a low
radiation dose, although the images are more “noisy”.'*

Here, a novel protocol with a second-generation DSCT system
was used to evaluate myocardial perfusion with dual-energy mode
and an iodine map, and coronary arteries and delayed enhance-
ment with the high-pitch technique. In contrast to other studies,
we included participants with clinical suspicion of coronary artery
disease in the cardiology clinic, without an imaging test that
revealed the presence of coronary artery disease. In fact, the
prevalence of coronary artery disease in our study population was
relatively low. The values of our study in the comparison between
MPI with an iodine map and MR imaging are similar to those of Ko
et al.,'? who performed a similar comparison, but in patients
with known coronary artery disease. However, the sensitivity of
DECT for the detection of delayed hyperenhancement was only
64%, which was probably affected by the low kilovoltage used and
which resulted in the acquisition of “noisy” images.

We also studied the anatomy of the coronary arteries, and
found an excellent correlation between coronary artery stenosis
and perfusion defects, both on DECT and MR imaging.

In our study, 3 patients with nonassessable coronary arteries
showed perfusion changes on CT. These patients were treated
differently and were referred for coronary angiography.

Limitations

Our study has several limitations. First, the study was
performed in a single center. Accordingly, random prospective
multicenter studies are required to evaluate the use of this protocol
in the study of ischemic heart disease.

MPI with an iodine map is a recently introduced technique and
it remains to be documented how to obtain an optimal image (eg,
administration rate and quantity of contrast agent, the initiating
time of the acquisition, technical characteristics). Furthermore,
beam hardening artifacts are sometimes observed that can cause
false positives. The technique also needs to be learned in order to
best set up the scan and improve image interpretation.

Another problem is that the iodine perfusion map is not
dynamic: only the distribution of the iodine at a particular moment
in time is assessed, which may not be the optimal moment to show
the attenuation difference between poorly perfused and normal
myocardium. The static image also lacks quantitative perfusion
data, such as arterial blood flow and volume.
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We used only MR imaging as a reference guide, without the use
of invasive studies such as coronary angiography to assess
coronary artery stenosis and coronary flow reserve.

Finally, the radiation dose of our protocol was still quite high
(8.2 [2.4] mSv), although it was nonetheless lower than that of
SPECT perfusion scans (12.3 [4.3] mSv).??

Implications for Clinical Practice

Despite all these limitations, DSCT, in the absence of contra-
indications, is a diagnostic technique that offers acceptable results
for the evaluation of myocardial ischemia. This method can
simultaneously aid in the assessment of functional effects in cases
of coronary stenosis that are difficult to quantify due to, for
example, significant calcium deposition. This imaging modality
would allow a more precise identification of patients suitable for
coronary angiography due to MPI alterations.

CONCLUSIONS

DSCT is a promising technique for the evaluation of perfusion
defects and myocardial viability that allows the concomitant
assessment of coronary anatomy with an acceptable radiation dose.
Larger multicenter studies are needed to determine its true value.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Budoff MJ, Dowe D, Jollis ]G, Gitter M, Sutherland J, Halamert E, et al. Diagnostic
performance of 64-multidetector row coronary computed tomographic angi-
ography for evaluation of coronary artery stenosis in individuals without
known coronary artery disease: results from the prospective multicenter
ACCURACY (Assessment by Coronary Computed Tomographic Angiography
of Individuals Undergoing Invasive Coronary Angiography) trial. ] Am Coll
Cardiol. 2008;52:1724-32.

2. Meijboom WB, Van Mieghem CA, Van Pelt N, Weustink A, Pugliese F, Mollet NR,
et al. Comprehensive assessment of coronary artery stenoses: computed to-
mography coronary angiography versus conventional coronary angiography
and correlation with fractional flow reserve in patients with stable angina. ] Am
Coll Cardiol. 2008;52:636-43.

3. Smith SC, Feldman TE, Hirshfeld JW, Jabobs AK, Kern M], King SB, et al. ACC/
AHA/SCAI 2005 guideline update for percutaneous coronary intervention: a
report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (ACC/AHA/SCAI Writing Committee to Update the
2001 Guidelines for Percutaneous Coronary Intervention). ] Am Coll Cardiol.
2006;47:e1-121.

4. Rademakers F. Necesidad clinica de evaluacion de la isquemia. Rev Esp Cardiol.
2013;66:161-2.

5. Hendel RC, Berman DS, Di Carli MF, Heidenreich PA, Henkin RE, Pellikka PA, et al.
ACCF/ASNC/ACR/AHA/ASE/SCCT/SCMR/SNM 2009 appropriate use criteria for
cardiac radionuclide imaging: a report of the American College of Cardiology
Foundation Appropriate Use Criteria Task Force, the American Society of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

C. Delgado et al./Rev Esp Cardiol. 2013;66(11):864-870

Nuclear Cardiology, the American College of Radiology, the American Heart
Association, the American Society of Echocardiography, the Society of Cardio-
vascular Computed Tomography, the Society for Cardiovascular Magnetic
Resonance, and the Society of Nuclear Medicine: endorsed by the American
College of Emergency Physicians. Circulation. 2009;119:e561-87.

. Monmeneu JV, Bodi V, Lopez-Lereu MP, Sanchis ], Naiez J, Chaustre F, et al.

Andlisis mediante resonancia magnética cardiaca del miocardio salvado tras
infarto. Predictores e influencia en el remodelado adverso ventricular. Rev Esp
Cardiol. 2012;65:634-41.

. Hundley WG, Bluemke DA, Finn JP, Flamm SD, Fogel MA, Friedrich MG, et al.

ACCF/ACR/AHA/NASCI/SCMR 2010 expert consensus document on cardiovas-
cular magnetic resonance: a report of the American College of Cardiology
Foundation Task Force on Expert Consensus Documents. ] Am Coll Cardiol.
2010;55:2614-62.

. Kurata A, Mochizuki T, Koyama Y, Haraikawa T, Suzuki ], Shigematsu Y, et al.

Myocardial perfusion imaging using adenosine triphosphate stress multi-slice
spiral computed tomography: alternative to stress myocardial perfusion scin-
tigraphy. Circ J. 2005;69:550-7.

. George RT, Silva C, Cordeiro MA, DiPaula A, Thompson DR, McCarthy WF, et al.

Multidetector computed tomography myocardial perfusion imaging during
adenosine stress. ] Am Coll Cardiol. 2006;48:153-60.

Kido T, Kurata A, Higashino H, Inoue Y, Kanza RE, Okayama H, et al. Quantifica-
tion of regional myocardial blood flow using first-pass multidetector-row
computed tomography and adenosine triphosphate in coronary artery disease.
Circ ]. 2008;72:1086-91.

Leschka S, Stolzmann P, Desbiolles L, Baumueller S, Goetti R, Schertler T, et al.
Diagnostic accuracy of high-pitch dual-source CT for the assessment of coro-
nary stenoses: first experience. Eur Radiol. 2009;19:2896-903.

Ko SM, Choi JW, Song MG, Shin JK, Chee HK, Chung HW, et al. Myocardial
perfusion imaging using adenosine-induced stress dual-energy computed to-
mography of the heart: comparison with cardiac magnetic resonance imaging
and conventional coronary angiography. Eur Radiol. 2011;21:26-35.

Ko SM, Choi JW, Hwang HK, Song MG, Shin JK, Chee HK. Diagnostic performance
of combined noninvasive anatomic and functional assessment with dual-
source CT and adenosine-induced stress dual-energy CT for detection of signifi-
cant coronary stenosis. Am ] Roentgenol. 2012;198:512-20.

Goetti R, Feuchtner G, Stolzmann P, Donati OF, Wieser M, Plass A, et al. Delayed
enhancement imaging of myocardial viability: low-dose high-pitch CT versus
MRI. Eur Radiol. 2011;21:2091-9.

Ruzsics B, Schwarz F, Schoepf U], Lee YS, Bastarrika G, Chiaramida SA,
et al. Comparison of dual-energy computed tomography of the heart with
single photon emission computed tomography for assessment of coronary
artery stenosis and of the myocardial blood supply. Am ] Cardiol. 2009;104:
318-26.

Morin RL, Gerber TC, McCollough CH. Radiation dose in computed tomography
of the heart. Circulation. 2003;107:917-22.

Gaemperli O, Schepis T, Valenta I, Koepfli P, Husmann L, Scheffel H, et al.
Functionally relevant coronary artery disease: comparison of 64-section CT
angiography with myocardial perfusion SPECT. Radiology. 2008;248:
414-23.

Blankstein R, Shturman LD, Rogers IS, Rocha-Filho JA, Okada DR, Sarwar A, et al.
Adenosine-induced stress myocardial perfusion imaging using dual-source
cardiac computed tomography. ] Am Coll Cardiol. 2009;54:1072-84.
Rocha-Filho JA, Blankstein R, Shturman LD, Bezerra HG, Okada DR, Rogers IS,
et al. Incremental value of adenosine-induced stress myocardial perfusion
imaging with dual-source CT at cardiac CT angiography. Radiology. 2010;
254:410-9.

Bettencourt N, Chiribiri A, Schuster A, Ferreira N, Sampaio F, Pires-Morais G,
et al. Direct comparison of cardiac magnetic resonance and multidetector
computed tomography stress-rest perfusion imaging for detection of coronary
artery disease. ] Am Coll Cardiol. 2013;61:1099-107.

Ruzsics B, Lee H, Zwerner PL, Gebregziabher M, Costello P, Schoepf U]. Dual-
energy CT of the heart for diagnosing coronary artery stenosis and myocardial
ischemia-initial experience. Eur Radiol. 2008;18:2414-24.

Okada DR, Ghoshhajra BB, Blankstein R, Rocha-Filho JR, Shturman LD, Rogers IS,
et al. Direct comparison of rest and adenosine stress myocardial perfusion CT
with rest and stress SPECT. ] Nucl Cardiol. 2010;17:27-37.


http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0005
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0010
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0010
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0010
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0010
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0010
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0015
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0015
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0015
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0015
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0015
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0015
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0020
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0020
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0025
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0030
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0030
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0030
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0030
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0035
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0035
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0035
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0035
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0035
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0040
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0040
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0040
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0040
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0045
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0045
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0045
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0050
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0050
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0050
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0050
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0055
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0055
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0055
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0060
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0060
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0060
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0060
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0065
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0065
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0065
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0065
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0070
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0070
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0070
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0075
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0075
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0075
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0075
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0075
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0080
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0080
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0085
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0085
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0085
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0085
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0090
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0090
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0090
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0095
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0095
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0095
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0095
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0100
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0100
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0100
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0100
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0105
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0105
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0105
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0110
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0110
http://refhub.elsevier.com/S1885-5857(13)00214-4/sbref0110

	Myocardial Ischemia Evaluation With Dual-source Computed Tomography: Comparison With Magnetic Resonance Imaging
	INTRODUCTION
	METHODS
	Study Population
	Imaging Studies
	Cardiac Computed Tomography Protocol
	Stress Dual-energy Computed Tomography to Assess Myocardial Perfusion
	Coronary Computed Tomography Angiography to Assess Coronary Anatomy
	Computed Tomography to Assess Myocardial Viability

	Cardiac Magnetic Resonance Imaging Protocol
	First-Pass Stress Perfusion
	First-Pass Rest Perfusion
	Myocardial Viability

	Image Postprocessing and Interpretation
	Radiation Dose
	Statistical Analysis

	RESULTS
	Study Population
	Cardiac Computed Tomography
	Dual-energy Computed Tomography for Myocardial Perfusion
	Coronary Computed Tomography Angiography
	Computed Tomography for Myocardial Viability

	Cardiac Magnetic Resonance Imaging
	Comparison Between Myocardial Perfusion Imaging With Cardiac Computed Tomography and Cardiac Magnetic Resonance Imaging
	Coronary Computed Tomography Angiography vs Myocardial Perfusion Defects

	DISCUSSION
	Limitations
	Implications for Clinical Practice

	CONCLUSIONS
	CONFLICTS OF INTEREST
	References


