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Rationale and objectives: We sought to explore the feasibility and diagnostic performance of dual-energy computed tomography (DECT)

versus single-energy computed tomography (SECT) for the evaluation of myocardial perfusion in patients with intermediate to high likeli-

hood of coronary artery disease.

Materials and Methods: The present prospective study involved patients with known or suspected coronary artery disease referred for

myocardial perfusion imaging by single-photon emission computed tomography. Forty patients were included in the study protocol and

scanned using DECT imaging (n = 20) or SECT imaging (n = 20). The same pharmacologic stress was used for DECT, SECT, and single-
photon emission computed tomography scans.

Results: A total of 1360 left ventricular segments were evaluated by DECT and SECT. The contrast-to-noise ratio was similar between

groups (DECT 8.8 � 2.9 vs. SECT 7.7 � 4.2; P = .22). The diagnostic performance of DECT was greater than that of SECT in identifying
perfusion defects (area under the receiver operating characteristic curve of DECT 0.90 [0.86–0.94] vs SECT 0.80 [0.76–0.84]; P = .0004)

and remained unaffected when including only segments affected by beam-hardening artifacts (area under the receiver operating charac-

teristic curve = DECT 0.90 [0.84–0.96) vs. SECT 0.77 [0.69–0.84]; P = .007).

Conclusions: Our results suggest that myocardial perfusion by DECT imaging is feasible and might have improved diagnostic perfor-
mance compared to SECT imaging for the assessment of myocardial CT perfusion. Furthermore, the diagnostic performance of DECT

remained unaffected by the presence of beam-hardening artifacts.
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U
ntil recently, coronary computed tomography angi-

ography (CCTA) was limited to the anatomic assess-

ment of coronary obstructions in patients with low to

intermediate likelihood of coronary artery disease (CAD),

whereas the functional significance of coronary stenoses

remained outside its scope. Several studies have demonstrated

the ability of CCTA to performmyocardium perfusion studies

by using stress vasodilator agents (1–4). However, the clinical
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use of stress myocardium computed tomography (CT)

perfusion is somewhat limited, mostly by technical issues

including beam-hardening artifacts (BHAs), which are origi-

nated by the polychromatic nature of x-rays and the energy

dependency of x-ray attenuation, and are related to a consid-

erable myocardial signal density (SD) drop at regions in close

proximity to highly attenuated structures, thus resembling

perfusion defects (5).

With the advent of dual-energy computed tomography

(DECT) imaging, BHAs could be reduced with the genera-

tion of synthesized monochromatic image reconstruction

(6). We therefore sought to explore the feasibility and diag-

nostic performance of DECT versus single-energy computed

tomography (SECT) for the evaluation of myocardial perfu-

sion defects assessed by single-photon emission computed

tomography (SPECT) in patients with intermediate to high

likelihood of CAD. Furthermore, we sought to compare the

diagnostic performance of DECT versus SECT among

myocardial regions with high prevalence of BHAs.
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METHODS

Study Population

The present work was a single-center, investigator driven, pro-

spective study that involved patients with known or suspected

CAD referred for myocardial perfusion imaging by SPECT.

All patients included were older than 40 years, with stable heart

rate and sinus rhythm, able to maintain a breath-hold for

15 seconds; without a history of contrast-related allergy, renal

failure, or hemodynamic instability. Additional exclusion

criteria comprised a body mass index greater than 32 kg/m2,

a history of previous myocardial infarction within the previous

30 days, percutaneous coronary revascularization within the

previous 6 months, chronic heart failure, chronic obstructive

pulmonary disease, high-degree atrioventricular block, or low

estimated pretest probability of CAD.

Patients were advised to refrain from vasodilator medica-

tions for the previous 24 hours, as well as from smoking and

caffeine beverages. Coronary risk factors and clinical status

were recorded at the time of the CT scan, and clinical vari-

ables were defined as indicated by the FraminghamRisk Score

assessment. The estimated pretest likelihood of obstructive

CADwas calculated using the Duke Clinical Score, which in-

cludes chest pain features, age, gender, and traditional risk fac-

tors. Patients were thus categorized as having low (1%–30%),

intermediate (31%–70%), or high (71%–99%) estimated pre-

test likelihood of obstructive CAD (7,8).

Patients were sequentially scanned using 256-slice SECT

(Brilliance ICT; Philips Healthcare, Cleveland, Ohio) or a

CT scanner equipped with gemstone detectors with fast pri-

mary speed and low afterglow designed for DECT imaging

(Discovery HD 750; GE Medical Systems, Milwaukee). The

same pharmacologic stress was used for SECT, DECT, and

SPECT scans. Dypiridamole (0.56 mg/kg) and iodinated

contrast (iobitridol, Xenetix 350; Guerbet, Villepinte, France)

were administrated using two independent antecubital intra-

venous lines. After dypiridamole infusion, aminophylline

(1–2 mg/kg) was administrated intravenously to revert the

vasodilator effect. The prespecified primary endpoint of the

study was to compare the diagnostic performance of DECT

versus SECTon a per segment basis using receiver operating

characteristic (ROC) curve analyses. Furthermore, we sought

to compare the diagnostic performance among segments

commonly influenced by the presence of BHAs.
CT Perfusion Acquisition

In line with the primary end point of the study and the pop-

ulation involved (intermediate to high likelihood of CAD),

stress myocardial perfusion imaging was performed first and

rest imaging 30 minutes after stress imaging.

According to the guidelines of the Society of Cardiovascu-

lar Computed Tomography (SCCT) on radiation dose and

dose-optimization strategies in cardiovascular CT (9), SECT

studies were acquired using the following depending on the
2

acquisition mode (retrospective or prospective) and body

mass index.

Among retrospective (stress) acquisitions, maximum tube

voltage was adjusted according to the body habitus (100 or

120 kV for patients with body mass index <30 kg/m2 or

greater, respectively). Likewise, tube current was adjusted

according to the body habitus (800 or 1000 mAs for patients

with body mass index <30 kg/m2 or greater, respectively).

Other scanner-related parameters were a collimation width

of 0.625 mm, a slice interval of 0.625 mm, and a pitch of

0.18. Among prospective (rest) acquisitions, maximum tube

voltage and current was adjusted according to the body

habitus (100 or 120 kV for patients with body mass index

<30 kg/m2 or greater, respectively, and 200–250 mAs,

respectively).
Dual-Energy CT

Stress myocardial perfusion imaging was performed after

intravenous administration of dypiridamole using prospective

electrocardiogram (ECG) gating including�100 milliseconds

of temporal padding aimed to comprise approximately 45%–

75% of the R-R interval. DECT was performed by rapid

switching (0.3–0.5 milliseconds) between low and high tube

potentials (80–140 kV) from a single source, thereby allowing

the reconstruction of low- and high-energy projections and

generation of monochromatic image reconstructions with

10 keV increments from 40 to 140 keV. Iterative reconstruc-

tion was available for every energy level except from 40 and

50 keV (10). Three minutes after dypiridamole administra-

tion, a dual-phase protocol with 50–70 mL of iodinated

contrast followed by a 30–40 mL saline flush was injected

through an arm vein at an injection rate of 4.0–5.0 mL/s ac-

cording to the vein access. A bolus tracking technique was

used to synchronize the arrival of contrast at the level of the

coronary arteries with the start of the scan, using a region of

interest placed at the ascending aorta and a threshold of 120

Hounsfield units.

For rest-DECT imaging, patients with a heart rate of more

than 65 bpm received 5 mg intravenous propranolol if needed

to achieve a target heart rate of less than 60 bpm. Image acqui-

sition at rest was performed using the same protocol as for

stress-DECT, after sublingual administration of 2.5–5 mg of

isosorbide dinitrate.
Single-Energy CT

Stress myocardial perfusion imaging with SECT was per-

formed using retrospective ECG gating (because of the

increased heart rate associated with pharmacologic stress)

with dose pulsing, an algorithm designed to modulate the

tube current according to the ECG during the spiral scan, af-

ter intravenous administration of dypiridamole. The same

contrast injection protocol as for DECT was used. Iterative

reconstruction was performed in all cases.
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The rest SECT scan was performed using prospective ECG

gating, without temporal padding, 30 minutes after stress-

SECT. Patients with a heart rate of more than 65 bpm received

5 mg intravenous propranolol if needed to achieve a target

heart rate of less than 60 bpm. Image acquisition was per-

formed after administration of 2.5–5 mg of isosorbide

dinitrate.
SPECT Myocardial Perfusion Imaging

At the time of the stress CT (SECT and DECT cohorts)

perfusion scans, 2 minutes after dypiridamole administration

and immediately before the CT scan, 10–15 mCi of

technetium-99m-methoxy isobutyl isonitrile was adminis-

trated. Stress-SPECT image acquisition was performed 60

minutes after the administration of the radiotracer using a

dual-head gamma camera over a 90� circular orbit (Millen-

nium MG; GE Medical Systems). Data were acquired in a

128 � 128 matrix for 32 projections in a step and acquire

format. Rest-SPECT image acquisition was completed

within 24–48 hours after stress-SPECT, after administration

of 10–15 mCi of technetium-99m-methoxy isobutyl

isonitrile.
CT Perfusion Analysis

CT perfusion analysis was performed off-line on dedicated

workstations, using a commercially available dedicated soft-

ware tool (AW 4.6; GE Healthcare for DECT patients; and

Comprehensive Cardiac Analysis, Brilliance Workspace;

Philips Healthcare for SECT patients) by consensus of two

experienced observers (P.C. and C.C.), blinded to the clinical

data and to the SPECT results. CT images were analyzed at

mid diastole using a smooth filter in axial planes and multipla-

nar reconstructions.Window and level settings were prespeci-

fied at 300 and 150, respectively, although observers were

allowed to adjust these settings if deemed necessary. Short-

axis views were obtained initially using 5–8 mm average

multiplanar reconstructions from base to apex, with the full

dataset available for the reader.

Evaluation of the presence of perfusion defects was car-

ried out using 20 mm2 intramyocardial regions of interest

excluding a 1 mm subendocardial area to avoid BHAs or

partial volume effects, according to the American Heart

Association left ventricular 17-segment model (11).

Myocardial perfusion defects were initially identified in a

qualitative manner and subsequently defined as myocar-

dium having a SD one standard deviation below the

mean myocardial SD.

DECT images were evaluated using monochromatic

data. Different energy levels from 40 to 100 keV were

applied so as to confirm or to rule out the presence of a

perfusion defect and to confirm a positive finding it was

required to be identified at all the energetic levels. If the

defect was present only at some energetic levels it was

considered a BHA.
Using standardized regions of interest of 20 mm2 localized

at the interventricular septum over normally perfused

myocardium, myocardial SD was determined (5).

The SD ratio was determined as previously described:

myocardial SD/left ventricular blood pool SD (5). To assess

image quality, we determined image noise and contrast-to-

noise ratios. Image noise was derived from the standard devi-

ation of the SD values (in Hounsfield units) within a large

region of interest in the left ventricle. The contrast-to-noise

ratio was defined as the difference between the mean density

of the contrast-filled left ventricular chamber and the mean

density of the left ventricular wall, which was divided by im-

age noise. Image quality for DECTwas assessed at 60–90 keV

with the purpose of allowing the use of iterative reconstruc-

tion. Finally, to explore the impact of BHAs, we further eval-

uated the diagnostic performance of SECT and DECT

including only segments more commonly affected by BHAs

(AHA segments #5 [basal inferolateral], #13 [apical anterior],

#14 [apical septal], #15 [apical inferior], and #16 [apical

lateral]). BHAs were confirmed if the low attenuation

myocardial segment was not associated with an underlying

coronary artery stenosis. Furthermore, in cases where a trans-

mural perfusion defect was observed concomitant to a coro-

nary stenosis, it was considered a true perfusion defect

regardless of the potential presence of an underlying BHA.

SPECTanalysis was carried out by consensus of two expe-

rienced observers (R.C. and M.L.M.) blinded to the CT data.

For this purpose, reconstruction into long- and short-axis

projections perpendicular to the heart axis was initially per-

formed, followed by an automated quantitative analysis of

the perfusion images using polar map format (normalized to

100%). Myocardial perfusion defects were identified as

segmental tracer activity less than 75% of maximum. Gated

images were used to assess regional wall motion to enhance

the discrimination between perfusion defects and attenuation

artifacts.

CTeffective radiation dose was derived by multiplying the

dose-length product with the weighting (k) value of

0.014 mSv/mGy/cm for chest examinations, as suggested

by the Society of Cardiovascular Computed Tomography

(9). Radiation dosimetry of SPECTwas estimated based on

the recommendations of recently published guidelines.(12).

The institution’s Ethics Committee approved the study

protocol, which complied with the Declaration of Helsinki,

and written informed consent was obtained from all patients.
Statistical Analysis

Discrete variables are presented as counts and percentages.

Continuous variables are presented as means� standard devi-

ation. Comparisons among groups were performed using in-

dependent samples t test. The agreement between observers

was tested using Kappa coefficient. To determine the accuracy

of CT perfusion for the detection of perfusion defects by

SPECT, we calculated the sensitivity, specificity, negative pre-

dictive value, positive predictive value, likelihood ratios, and
3
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diagnostic odds ratios accounting for potential nonuniform

distribution (95% confidence intervals). ROC curve analyses

were also performed to evaluate the diagnostic performance

of the two diagnostic approaches using specific software for

ROC analysis (MedCalc Software, Ostend, Belgium). The

difference between the two areas under the curve (AUCs)

was tested with the z test. Differences in the parameters

a and b of two ROC curves are tested using the bivariate

chi-square test, as previously described (13,14). For

comparison between independent sample ROC curves the

Hanley method based on the standard error was used (15).

All other statistical analyses were performed using SPSS soft-

ware, version 13.0 (SPSS Inc, Chicago, Illinois). A two-sided

P value of less than 0.05 indicated statistical significance.
Figure 1. Bar graph comparing image quality (contrast-to-noise ratio,

CNR) and effective radiation dose (mSv) among dual-energy computed
tomography (DECT) and single-energy computed tomography (SECT)

both at stress and rest. NS, non-significant.

*p < 0.05.

TABLE 1. Effective Radiation Doses

Scan

Radiation Dose (mSV) P Value SPECT vs.

DECT SECT SPECT DECT SECT

Stress 4.3 � 1.0 7.1 � 2.6*

Rest 3.2 � 0.4 2.8 � 2.1y

Total 7.4 � 1.1 9.9 � 3.8z 8.8 � 2.0 0.06 0.41

DECT, dual-energy computed tomography; SECT, single-energy

computed tomography; SPECT, single-photon emission computed

tomography.

*P < .001 versus DECT.
yNonsignificant differences versus DECT.
zP < .05 versus DECT.
RESULTS

Forty patients were prospectively and sequentially included in

the study protocol (the first 20 using DECTand the second 20

using SECT). The mean age was 60.1 � 9.4 years. Twenty-

nine (72.5%) patients were male. Ten patients (25%) had

diabetes, 34 had hypertension (85%), and 33 had hypercholes-

terolemia (83%). The demographic characteristics did not

differ between groups. Indeed, no significant differences

were observed regarding the body mass index (DECT

27.8 � 3.9 kg/m2 vs. SECT 27.9 � 4.0 kg/m2; P = .67) or

the heart rate 1 hour before the CT scan (DECT

63.3 � 6.5 bpm vs. SECT 60.5 � 6.5 bpm; P = .20). Most

patients were receiving baseline beta-blockers, with no differ-

ences between groups (DECT n = 17 [85%], SECT n = 17

[85%]). The mean estimated pretest likelihood of obstructive

CAD (Duke) was 69.1 � 23.5% for the DECT group and

72.2 � 21.5% for the SECT group (P = .67).
Image Quality and Effective Radiation Dose

Both the myocardial SD ratio (DECT 0.31 � 0.07 vs. SECT

0.31 � 0.07; P = .99) and the contrast-to-noise ratio (DECT

8.8 � 2.9 vs. SECT 7.7 � 4.2; P = .22) were similar between

groups. Nevertheless, DECT showed higher contrast-to-

noise ratio than SECTamong stress scans (Fig 1). Conversely,

among rest scans, SECT showed a trend toward higher

contrast-to-noise ratio compared to DECT (Fig 1).

The mean effective radiation dose was 7.4 � 1.1 mSv with

DECTand 9.9 � 3.8 mSv with SECT (P = .011). Radiation

dose of SPECT imaging was 8.8 � 2.0 mSv. Table 1 shows

discriminated radiation doses.
Diagnostic Performance of DECT Versus SECT

A total of 1360 left ventricular segments were evaluated by

DECT and SECT (Figs 2–4). Among the DECT group,

two (0.29%) segments were deemed nonassessable because

of motion artifacts and considered positive as prespecified in

the study protocol, whereas all segments were evaluable
4

with SECT. The sensitivity, specificity, positive predictive

value, and negative predictive value of DECT for detection

of myocardial perfusion defects were 84.1% (76.3%–89.8%),

96.4% (94.4%–97.7%), 84.1% (76.3%–89.8%), and 96.4%

(94.4%–97.7%), respectively.

With regard to SECT, the sensitivity, specificity, positive

predictive value, and negative predictive value for detection

of myocardial perfusion defects were 69.1% (62.7%–74.5%),

91.3% (88.2%–93.6%), 80.5% (74.2%–85.6%), and 85.0%

(81.4%–88.0%), respectively.

The positive likelihood ratio was 23.3 (15.1–36.1) for

DECT and 7.9 (5.8–10.8) for SECT, whereas the negative

likelihood ratio was 0.16 (0.11–0.25) for DECT and 0.34

(0.28–0.41) for SECT. The diagnostic odds ratio was 141.5

(73.6–272.1) for DECT and 23.7 (15.4–36.5) for SECT.

The diagnostic performance of DECTwas greater than that

of SECT in identifying perfusion defects (AUC of DECT

0.90 [0.86–0.94] vs. SECT 0.80 [0.76–0.84]; P = .0004).

Finally, there was a good agreement between observers for

the presence of myocardial perfusion defects evaluated by

DECT (kappa = 0.89, P < .001).



Figure 2. Example of beam-

hardening artifact (BHA) with single-

energy computed tomography (SECT).

Stress (panels a and c) and rest (panels b
and d) short-axis views of SECT (above)

and single-photon emission computed to-

mography (SPECT, below). Inferior and in-

feroseptal wall reversible defect (ischemia)
is observed with both approaches. A BHA

can be recognized as a significant

myocardial signal density drop resembling

a perfusion defect at the anterior wall in
rest (arrow), with normal perfusion both

at stress and with SPECT.

Figure 3. Myocardial perfusion imaging
by single-energy computed tomography

(SECT) in a 61-year-old male with hyper-

cholesterolemia and previous smoking as

coronary risk factors, and chest pain,
referred for myocardial perfusion imaging

by single-photon emission computed to-

mography (SPECT). Above: stress images
of SECT in a short-axis apical view (left

panel) and a four-chamber view (center

panel), and SPECT imaging in a short-

axis apical view (right panel).Below: corre-
sponding rest images. SECT imaging

demonstrates a perfusion defect (arrows)

during stress in the septal and apical wall

of the left ventricle, with normalization of
myocardial perfusion in rest.
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On the per-patient analysis, the sensitivity, specificity, pos-

itive predictive value, and negative predictive value of SECT

for detection of myocardial perfusion defects were 100%

(80.5%–100%), 100% (29.2%–100%), 100% (80.5%–100%),
and 100% (29.2%–100%), respectively, whereas DECT values

were 100% (73.2%–100%), 83.3% (36.5%–99.1%), 93.3%

(66.0%–100%), and 100% (46.3%–100%). It should be noted

that the single false positive of DECT on a per-patient basis
5



Figure 4. Myocardial perfusion imaging by dual-energy computed tomography (DECT) in a 79-year-oldmale with hypertension and hypercho-
lesterolemia as coronary risk factors, and chest pain, referred for myocardial perfusion imaging by single-photon emission computed tomog-

raphy (SPECT). Apical (left), mid ventricular (center), and basal (right) short-axis views of DECT (above) and SPECT (below) both at stress and

rest. DECT imaging demonstrates a perfusion defect (arrows) during stress in the anterolateral and inferolateral wall, with normalization of
myocardial perfusion in rest and good correlation with the perfusion defect observed at SPECT (*).
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was attributed to a single segment (segment #14) and only

observed in rest (Table 2).
Analysis Including Segments Affected by BHAs

When including only segments commonly affected by

BHAs (Fig 2), the sensitivity, specificity, positive predic-

tive value, and negative predictive value of DECT were

86.6% (71.9%–94.3%), 93.6% (88.2%–96.7%), 79.2%

(64.6%–89.0%), and 96.1% (91.2%–98.4%), respectively,

with a positive likelihood ratio of 13.5 (7.3–24.8) and a

negative likelihood ratio of 0.15 (0.07–0.31). In parallel,
6

SECT analysis of such segments yielded a sensitivity,

specificity, positive predictive value, and negative

predictive value of 69.1% (56.6%–79.5%), 84.1%

(76.5%–89.7%), 69.1% (56.6%–79.5%), and 84.1%

(76.5%–89.7%), respectively, with a positive likelihood

ratio of 4.3 (2.8–6.6) and a negative likelihood ratio of

0.37 (0.26–0.52).

Among BHA segments, the diagnostic performance of

DECTwas greater than that of SECT in identifying perfu-

sion defects (AUC of DECT 0.90 [0.84–0.96] vs. SECT

0.77 [0.69–0.84]; P = .007). Furthermore, post hoc analysis

including only segments without BHA revealed no



TABLE 2. Diagnostic Performance of SECT and DECT

Diagnostic performance SECT DECT SECT BHA DECT BHA

Sensitivity (%) 70.3 (63.9–76.1) 82.8 (75.1–88.9) 69.1 (56.6–79.5) 86.6 (71.9–94.3)

Specificity (%) 90.7 (87.6–93.2) 96.7 (94.9–98.1) 84.1 (76.5–89.7) 93.6 (88.2–96.7)

Positive predictive value (%) 79.3 (73.0–84.7) 85.5 (78.0–91.2) 69.1 (56.6–79.5) 79.2 (64.6–89.0)

Negative predictive value (%) 85.7 (82.2–88.7) 96.0 (94.1–97.5) 84.1 (76.5–89.7) 96.1 (91.2–98.4)

Positive likelihood ratio 7.5 (5.6–10.2) 25.4 (16.1–40.2) 4.3 (2.8–6.6) 13.5 (7.3–24.8)

Negative likelihood ratio 0.33 (0.27–0.40) 0.18 (0.12–0.25) 0.37 (0.26–0.52) 0.15 (0.07–0.31)

Diagnostic odds ratio 23.1 (14.8–36.2) 142.9 (70.9–291.7) 11.8 (5.9–23.7) 92.5 (31.6–270.4)

Area under the curve (ROC) 0.80 (0.76–0.84) 0.90 (0.86–0.94) 0.77 (0.69–0.84) 0.90 (0.84–0.96)

BHA, beam-hardening artifact; DECT, dual-energy computed tomography; ROC, receiver operating characteristic; SECT, single-energy

computed tomography.
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significant differences between DECT and SECT regarding

the detection of perfusion defects (AUC of DECT 0.90

[standard error 0.03] vs. SECT 0.82 [standard error 0.06];

P = .20).
DISCUSSION

Our results suggest that myocardial perfusion by DECT imag-

ing is feasible and might have improved diagnostic perfor-

mance compared to SECT imaging for the assessment of

myocardial CT perfusion, preserving image quality and

without increment in effective radiation dose levels. Further-

more, the diagnostic performance of DECT remained unaf-

fected by the presence of BHAs.

During the past decade, CCTA main limitation is the

inability to predict the functional significance of coronary ste-

nosis because of its low positive predictive value in patients

with high likelihood of CAD, mainly attributed to overesti-

mation of stenosis in the presence of calcified plaques. Several

studies reported the ability to acquire stress myocardial CT

perfusion to overcome this challenge, although with the lim-

itation of BHA (Fig 2) (16,17). Meijboom et al. confirmed

these limitations in a study where they reported that CCTA

does not provide additional relevant diagnostic information

in symptomatic patients with a high estimated pretest

probability of CAD (16,17).

Assessment of the hemodynamic significance of intermedi-

ate lesions is pivotal because deferring revascularization of ste-

notic lesions that do not cause ischemia is safe and associated

with very low rates of death or myocardial infarction

(18,19). In line with the limitations of conventional

angiography itself, the anatomic evaluation of the

hemodynamic significance of coronary stenoses by CCTA is

only moderately correlated with the functional assessment

by fractional flow reserve, being this more evident in the

presence of diffusely calcified vessels that often lead to false-

positive results and therefore suboptimal positive predictive

values (20,21). Overall, these reasons have lead to the

exclusion of CCTA from diagnostic algorithms of patients

with high pretest probability of CAD or in the elderly.

Accordingly, significant efforts and different strategies have
been proposed to attempt a simultaneous assessment of both

coronary anatomy and myocardial perfusion (1,2,20–22).

Nevertheless, conventional CT (SECT) is limited to some

extent for myocardial perfusion imaging mainly by the pres-

ence of BHAs that commonly affect two coronary territories

and is independent of body mass index, blood SD of the left

and right ventricles, contrast-to-noise ratio, and the extent

of atherosclerosis (5). In contrast, by allowing simulated

monochromatic image reconstruction, DECT imaging has

evolved during the past few years as a promising technique

with the potential to significantly reduce BHA.

There are essentially two approaches to evaluate myocardial

perfusion with DECT: source-oriented or detector-oriented

approach. The source-oriented approach is the most widely

studied and is based on a CT scanner equipped with two in-

dependent x-ray tubes and a set of detectors at an angular

offset of 90–94�, with one tube operating at 80 or 100 kV

and the other operating at 140 kV (23). The detector-

oriented approach that we hereby describe comprises a CT

scanner with a single x-ray tube capable of rapid switching be-

tween 80 and 140 kV, hence shows promise to overcome some

limitations of the source-oriented approach, such as increased

scattered radiation and potential mismatch in the projection

views between the high and low tube projections when scan-

ning moving objects such as the heart.

To the best of our knowledge, this is the first prospective

study to compare the diagnostic performance of DECTusing

gemstone detectors for spectral imaging versus SECT to eval-

uate stress myocardial perfusion. In this pilot investigation,

where two contemporary state of the art CT systems were

compared, we have demonstrated that DECTallows an accu-

rate evaluation of stress myocardial perfusion in patients with

intermediate to high likelihood of CAD and appears to un-

ravel one of the main limitations of SECT imaging, the pres-

ence of BHAs. In fact, the diagnostic performance of DECT

remained unaffected when including only the segments

commonly affected by BHA.

Furthermore, DECT, a prospective acquisition per se, was

associated with a significant reduction (approximately 15%)

in radiation dose with respect to SECT, a difference mainly

attributed to stress imaging, scenario where SECT requires
7
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retrospective gating because of the increase in heart rate

observed during pharmacologic stress. Nevertheless, it is

noteworthy that even SECT imaging (stress plus rest) was

related to similar overall radiation dose than SPECT, being

important to underscore the fact that a comprehensive assess-

ment of both anatomy and function can be performed at the

expense of less than 10 mSv. Among single energy acquisi-

tions, the stress scan was performed using retrospective gating

to obtain systolic and diastolic phases aimed at obtaining

optimal myocardial perfusion evaluation even in the presence

of high heart rates. Rest scan was acquired using prospective

gating. It should be noted that prospective acquisitions in stress

imaging are associated with longer acquisition times, poten-

tially leading to related artifacts.

The relative low radiation dose of DECT imaging

(�7–8 mSv) should be put into perspective against the

recently reported higher radiation exposure with dynamic

CT perfusion (�13 mSv) (2). It should be emphasized how-

ever, that DECT radiation exposure could have been lower

because ECG padding (additional surrounding x-ray beam

over time that results in supplementary available phases for

analysis) has been associated with a significant increase in radi-

ation doses (24,25). Notwithstanding, we decided to use

padding in DECT to ensure image quality in a developing

technology, whereas rest myocardial perfusion imaging in

SECT patients was performed without padding.

Although the usefulness of CCTA remains focused on

patients with low to intermediate likelihood of CAD, our

findings could potentially provide preliminary groundwork

for potential expansion of the clinical applications of

CCTA to patients with intermediate to high likelihood

of CAD.
Limitations

A number of limitations should be acknowledged. The rela-

tively small sample size might lead to selection bias. Further-

more, invasive angiography with fractional flow reserve was

not performed to confirm the presence of obstructive CAD;

therefore, the reference standard (SPECT) is potentially sub-

ject to error. The primary end point of the study was to

explore the feasibility and diagnostic performance of DECT

versus SECT regarding myocardial perfusion; therefore, data

regarding the incremental value of coronary anatomy over

myocardial perfusion in DECTwill be prospectively investi-

gated in further studies. ROC analysis based on segmental an-

alyses might be partially affected by the lack of independence

within a single patient. We also acknowledge that the most

appropriate means to compare the diagnostic performance

of the two methods would have been to perform both ap-

proaches on the same patients. Nevertheless, because of

obvious ethical grounds and to restrictions of the Institutional

Ethics Committee, we decided to enroll two consecutive co-

horts of patients. Finally, randomization was not performed

because the CT scanners are localized at different sites (of

the same Institution).
8

CONCLUSIONS

In this pilot investigation, myocardial perfusion assessment by

DECT imaging in patients with intermediate to high likeli-

hood of CAD was feasible and remained unaffected by the

presence of BHAs. Furthermore, DECT showed a higher

diagnostic performance than SECT imaging, although these

encouraging findings should be consideredwith caution given

the relatively small sample size and the selected patient

population.
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