
Abstract. Background/Aim: To evaluate the hypothesis that
patients with suspected coronary artery disease (CAD) assessed
using rest dual-energy computed tomography-derived
myocardial perfusion imaging (DECT-P), could have fewer
invasive coronary angiographies (ICA), showing non-
obstructive CAD. Materials and Methods: Patients who had
undergone coronary computed tomography angiography
(cCTA), rest DECT-P and ICA were analyzed. Results: We
evaluated 51 patients (62.7% males, mean age 51.6±12.8
years). Rest DECT-P identified perfusion defects in three
(10.7%) of the 28 patients with cCTA negative for luminal
stenosis and in 10 (43.5%) of the 23 patients with cCTA positive
for luminal stenosis. In total, 21 patients underwent both cCTA
and ICA, of which seven (33.3%) showed obstructive CAD. Rest
DECT-P revealed false-negative results in four cases (19.1%)
and false-positive results in six cases (28.6%). Conclusion:
Adding rest DECT-P to cCTA has no incremental diagnostic
value over cCTA alone, to exclude haemodynamically
significant CAD. Therefore, a rest-stress-DECT-P protocol or a
CT-based FFR calculation might be a promising concept to
improve diagnostic accuracy in a real clinical setting.

Current guidelines in the management of stable coronary artery
disease (CAD) recommend a non-invasive functional test before
considering invasive coronary angiography (ICA) for patients
with intermediate pre-test probability (1). Due to the high
sensitivity and negative predictive value, coronary computed
tomography angiography (cCTA) is a clinically-established non-
invasive diagnostic imaging modality to rule-out CAD.
However, the specificity and positive predictive value of cCTA
is still limited due to the poor correlation of cCTA-detected
coronary artery stenosis and myocardial ischaemia.

One avenue for assessment of the myocardial blood supply
consists of dual-energy computed tomography (DECT)
acquisitions during first-pass arterial enhancement. Dual-
energy computed tomography-derived myocardial perfusion
imaging (DECT-P) is a “one-stop shop” approach closing the
gap between anatomical and functional aspects within a single
imaging modality and could reduce false-positive results of
cCTA (2). As rest DECT-P is derived from the same datasets
as standard cCTA, it requires no additional contrast media,
radiation exposure, or stress agents, which represents a
substantial advantage, when compared to stress protocols.
Studies have compared DECT-P with single-photon emission
computed tomography (SPECT), magnetic resonance imaging
(MRI), and ICA in rest or rest-stress acquisition with first or
second generation dual-source scanners and found an
incremental value over cCTA alone (3-6). However, the data
for rest-only acquisition in DECT-P is rather sparse and needs
further investigation regarding the clinical utility and its effect
on patient care in a real clinical setting.

Thus, the purpose of the present study was to test the
hypothesis that patients with suspected CAD evaluated using
a rest DECT-P strategy would potentially have fewer coronary
angiographies without obstructive CAD than patients who
were evaluated based on standard cCTA protocols.
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Materials and Methods

Patient population, study design and analysis. The Health Insurance
Portability and Accountability Act (HIPAA) compliant study-
protocol is in accordance with the Declaration of Helsinki and was
approved by our local ethics committee. Written informed consent
was obtained from all patients. From February 2016 until October
2016 we enrolled 51 patients with suspected CAD and with low to
intermediate pre-test probability for CAD in our prospective single-
centre study. We selected patients in accordance with the 2013
guidelines of the European Society of Cardiology (ESC) on the
management of stable CAD. 

Exclusion criteria were: Renal insufficiency, contrast agent
allergy, ST-segment elevation or recent left bundle branch block
detected in electrocardiography (ECG), known myocardial
infarction, percutaneous coronary intervention (PCI) or bypass
operation within the past six months, or a significant increase of
high-sensitivity-troponin I (>30%). Participants were referred for a
standard cCTA in combination with a rest DECT-P for myocardial
perfusion assessment. If cCTA showed stenosis that might be of
haemodynamic significance or of unclear origin, participants
subsequently proceeded to ICA. Finally, in order to test the study,
the results of patients with non-obstructive findings in ICA were
compared to the results of the same patients’ DECT-P findings. 

Computed tomography (CT) acquisition protocol. All CT scans were
performed using a 192-slice, third-generation, dual-source CT
system (Siemens Somatom Force, Forchheim, Germany). The
protocol consisted of a non-enhanced, single-energy standard scan
for calcium scoring, subsequently followed by a cCTA with dual-
energy acquisition (Figure 1A). Acquisition parameters for the non-
enhanced scan were: tube voltage 120 kV; detector collimation
2×192×0.6 mm, as well as the use of prospective ECG-triggering.
The reconstruction parameters used for calcium scoring were: slice
thickness 3.0 mm, increment 1.5 mm and Qr36 iterative
reconstruction kernel. Acquisition parameters for the dual-energy
cCTA were: tube voltage 90 kV (tube A), tube voltage 150 kV with
additional tin filter (tube B) and, for both tube A and tube B, an
automatic tube current modulation; detector collimation 2×192×0.6
mm. The reconstruction parameters were: slice thickness 0.6 mm,
increment 0.5 mm and Bv40 kernel. All cCTA acquisitions were
performed with retrospective ECG-gating and bolus tracking with
the trigger region-of-interest (ROI) placed in the descending aorta
with a 100 Hounsfield Unit (HU) threshold. No ECG-dependent
tube current modulation was applied. Eighty millilitres of
intravenous contrast (Imeron® 400, Bracco, Milan, Italy) were
administered through an 18 G cubital catheter, which was followed
by a 50 ml saline flush. Both were injected at a rate of five ml/sec.
Control of cardiac contraction frequency was achieved by
intravenous administration of beta-blockers, targeting a heart rate of
≤65 beats/min. Sublingual nitrates were administered to ensure
coronary vasodilatation. First-pass DECT-P was reconstructed from
the raw data of the cCTA acquisition (Figure 1B). 

CT Image analysis. All examinations were evaluated by physicians
with expertise in cardiovascular imaging. Evaluation of cCTA was
performed using axial images as well as multi-planar and curved
reformations. Degree of stenosis in cCTA was quantified according
to the Society of Cardiovascular Computed Tomography (SCCT)
guidelines, with significant luminal narrowing defined as ≥70% (7).

For evaluation of first-pass DECT-P data, iodine maps were
calculated using a dedicated post-processing work station
(Syngo.Via VB10B, Siemens Healthcare, Forchheim, Germany).
Iodine attenuation was normalized to the left ventricle. Myocardial
perfusion defects were defined as circumscribed areas of decreased
or absent iodine content within the left ventricular wall, relative to
the remainder of the myocardium. Assignment of the affected
segment was based on the American Heart Association’s 17-segment
model of visual assessment of myocardial perfusion defects shown
in the diastolic phase.

ICA with measurement of fractional flow reserve (FFR). ICA was
performed by an experienced senior interventional cardiologist
according to standard procedures (Figure 1C). FFR measurement
(PressureWire Certus, St. Jude Medical; St. Paul, Minnesota, USA)
was performed during ICA when the haemodynamic significance of
a coronary lesion remained visually unclear. A diagnosis of
ischaemia could be declared when the FFR was ≤0.80.

Results

We evaluated 51 patients (62.7% males, 51.6±12.8 years)
with a mean Agatston score of 145.7±507.6 and a mean
updated Diamond-Forrester score of 26.8±13.1%. The
amount of administered CT contrast medium was 84.9±13.8
ml and the dose-length product for cCTA was 642.5±154.4
mGy*cm for cCTA and DECT-P. Further baseline
characteristics are shown in Table I.

cCTA identified three (5.9%) patients with severe
coronary stenosis (≥70%), nine (17.6%) with moderate
stenosis (50-69%), six (11.8%) with mild stenosis (25-49%),
five (9.8%) with minimal stenosis (<25%) and 28 (54.9%)
without luminal stenosis. 

Rest DECT-P identified perfusion defects in three (10.7%)
of the 28 patients with cCTA negative for luminal stenosis,
and in ten (43.5%) of the 23 patients with cCTA positive for
luminal stenosis.

In total, 21 patients underwent both cCTA and ICA, seven
(33.3%) of whom showed obstructive CAD in ICA defined
as visually high-grade stenosis (>70%) or invasive FFR
≤0.80. Rest DECT-P revealed false negative results in four
cases (19.1%) and false positive results in six cases (28.6%),
regarding ICA results as a reference (Figure 2).

Discussion

Unfortunately, our study results were underwhelming, and
demonstrated that adding rest DECT-P to cCTA has no
incremental diagnostic value over cCTA alone to exclude
haemodynamically significant CAD in patients with low to
intermediate pre-test probability for CAD.

While cCTA is an excellent diagnostic method to rule out
CAD, its specificity remains relatively low and is unable to
spare patients without obstructive CAD unnecessary ICA. In
the multi-centre PLATFORM trial, non-invasive functional
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testing was feasible and a safe alternative to ICA, and was
associated with a significantly lower rate of ICA showing no
obstructive CAD. Of the 187 PLATFORM patients who
underwent ICA, 137 (73.3%) did not show obstructive CAD
(8). Following our initial hypothesis, we hypothesized that
ICA examination could have potentially been avoided,
according to results of the rest DECT-P assessment, in
comparison to an evaluation strategy based on standard cCTA. 

However, the chosen strategy led to disappointing results,
as the rest DECT showed six false-positive results and, even
more importantly, four false-negative results, which could
lead to serious consequences for patient safety and
prognosis. A dual-energy, static first-pass imaging approach
makes the mapping of iodine distribution possible, and

serves as a surrogate of myocardial perfusion. Additionally,
it makes the quantification of myocardial blood supply
possible. Like other functional imaging methods, a standard
dual-energy cardiac examination is a combination of rest,
stress and late enhancement (9). However, the major
limitation of this conventional myocardial perfusion remains
to be its additional radiation dose, as well as the required use
of stress agents. This is associated with greater effort on the
part of the medical professional, due to longer duration of
examination and monitoring of the patient, and, therefore, is
not always feasible in a real clinical setting. For this reason,
we decided to use first-pass arterial rest dual-energy CT,
which, compared to stress acquisition, does not require
further radiation dose, contrast agent or medication, and,
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Figure 1. Case of a 59-year-old female patient with atypical chest pain, and a pretest probability of 20%. (A) cCTA show several moderate stenoses of
the LAD (arrows). (B) DECT-P show minor iodine distribution within basal LAD and RCA territory as a sign of haemodynamic significance (arrows).
(C) ICA show severe artery disease of all three vessels. Subtotal stenosis of RCA, significant stenosis of the left main trunk (arrow) and 75% stenosis
of mid-RCX and ramus marginalis. cCTA: Coronary computed tomography; DECT-P: dual-energy computed tomography-derived myocardial perfusion
imaging; LAD: left anterior descending; RCA: right coronary artery; RCX: Ramus circumflexus; ICA: invasive coronary angiography. 

Figure 2. Results of DECT-P compared to ICA findings. Rest DECT-P revealed false-negative results in four cases (19.1%) and false-positive results
in six cases (28.6%), compared to ICA results, as a reference. DECT-P: Dual-energy computed tomography-derived myocardial perfusion imaging;
ICA: invasive coronary angiography.



thus, is a promising approach. Meinel et al. compared the
relative contributions of rest, stress and delayed acquisitions,
with the accuracy of DECT-P and demonstrated an
impressively high specificity (98.0%) and positive predictive
value (94.0%) for rest-only DECT-P (6). Furthermore, they
postulate a dose-reduction of 68.0% in a rest approach,

compared to comprehensive protocol of rest, stress and late
enhancement. Comparison of radiation between static and
dynamic perfusion shows higher doses for dynamic protocols
(10.1±15.5 mSv, 11.5±3.5 mSV). A direct comparison of the
mean radiation dose in our study of 642.5±154.4 mGy*cm
to 1399.4±314.2 mGy*cm in a dynamic rest-only approach
(10) clearly demonstrates the advantages of static perfusion,
with regard to radiation exposure. A further radiation sparing
aspect in our study is the use of a recent third-generation
dual-source scanner. Dosimetric parameters for cCTA and
coronary calcium scoring is lower in third-generation
scanners (31.5±8.7 mGy*cm, 22.7±4.9 mGy*cm) than in
second-generation scanners (65.4±21.2 mGy*cm, 31.3±8.0
mGy*cm) (11).

Osawa et al. provided important contributions to the
diagnostic value of DECT myocardial rest perfusion
imaging (10). Furthermore, mixed assessment of HU
values to detect abnormalities in perfusion is subjected to
high tissue variability of HU values, because of deposition
of fat or iron in the myocardium. Further studies are
required to quantify perfusion defects in dual-energy CT
imaging.

There were limitations in our study. First, the study
population consists of a small, single-centre cohort, but is
comparable with other studies in this research field.
Furthermore, enrolment was stopped after non-promising
interim analysis. Second, the percentage of
haemodynamically-relevant coronary lesions is rather low,
which might affect the level of significance. Third, ethically,
it was not approved to perform ICA in patients with
negative findings in cCTA/DECT-P to avoid complication
in the ICA, nor was it approved to perform subsequent
cCTA / DECT-P in patients with positive findings in ICA
only for research purposes without clinical reason, due to
the application of unjustified radiation exposure.

Conclusion

Our study demonstrated that adding rest DECT-P to cCTA did
not fulfil our primary hypothesis for an incremental diagnostic
value over cCTA alone. Thus, a rest-stress-DECT-P protocol, or
a CT-based FFR calculation seems to be a promising concept
to improve diagnostic accuracy in a real clinical setting (12).
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Table I. Baseline characteristics and findings of coronary computed
tomography, myocardial perfusion imaging and invasive coronary
angiography.

Baseline characteristics
   Age, years                                                                      51.6±12.8
   Male                                                                                32 (62.7%)
   Body mass index (kg/m2)                                                31.0±6.7
Cardiovascular Risk Factors
   Hypertension                                                                 30 (58.8%)
   Smoking                                                                         28 (54.9%)
   Family history of CAD                                                 20 (39.2%)
   Diabetes                                                                          12 (23.5%)
   Hyperlipidaemia                                                              8 (15.7%)
Updated Diamond-Forrester risk score1                           22.1±16.8
Lipid Profile
   Low-density lipoprotein, mg/dl                             128.0 (111.0-149.0)
   High-density lipoprotein, mg/dl                                40.0 (35.3-45.8)
   Triglycerides, mg/dl                                               163.5 (121.3-231.0)
Coronary Computed Tomography 
Data of cCTA Acquisition
   Dose length product, mGy*cm                                    642.5±154.4
   CTDIvol, mGy                                                                 43.2±9.7
   Agatston score                                                              145.7±507.6
Stenosis Grade in cCTA2
   Normal (absence of plaque and no stenosis)               28 (54.9%)
   Minimal (plaque with <25% stenosis)                           5 (9.8%)
   Mild (25% to 49%)                                                        6 (11.8%)
   Moderate (50% to 69%)                                                9 (17.6%)
   Severe (70% to 99%)                                                      3 (5.9%)
Target Vessel, n=33
   Left main trunk, LMT                                                    1 (3.0%)
   Left anterior descending, LAD                                    21 (63.6%)
   Ramus circumflexus, RCX                                            7 (21.2%)
   Right coronary artery, RCA                                          4 (12.1%)
Myocardial Perfusion Imaging (DECT-P)
   No perfusion defect                                                      38 (74.5%)
   Perfusion defect                                                            13 (25.5%)
Invasive Coronary Angiography, n=20
   No CAD3                                                                        5 (25.0%)
   1 vessel disease4                                                            4 (20.0%)
   2 vessel disease                                                              4 (20.0%)
   3 vessel disease                                                              7 (35.0%)
Findings of FFR Measurement, n=13
   Ischaemic lesions with FFR ≤0.80                               4 (30.8%)
   Non-ischaemic lesions with FFR >0.80                       9 (69.2%)

Unless otherwise specified, data are numbers of patients, with
percentages in parentheses. Data are mean±standard deviation (SD) or
median with interquartile ranges. 1according to Genders et al. (13),
2according to SCCT guidelines (7), 3defined as coronary lesions <50%
stenosis, 4defined as coronary lesions >50% stenosis.
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