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Purpose: Several studies have suggested that a combined approach of stress myocardial perfusion imaging (MPI)

and coronary computed tomography angiography (CCTA) can provide diagnostic results with excellent accuracy.

We aimed to explore whether the addition of CCTA to stress MPI provides incremental diagnostic value in

intermediate-to-high cardiovascular risk patients.

Methods: A total of 106 consecutive patients (93 male, 65 � 10.4 years) underwent coronary artery calcium scoring

(CACS), CCTA and
201

Thallium stress MPI before coronary angiography was reviewed. Thirty-seven patients (34.9%)

had a history of proven coronary artery disease (CAD) or revascularization procedures, and four had documented

non-significant CAD (3.8%). The remaining patients consisted of 17 (16.0%) classified as intermediate, and 48

(45.3%) as the high-risk groups.

Results: Obstructive CAD was diagnosed by invasive coronary angiography in 88 patients with 161 vessels. The

sensitivity and specificity in a patient-based analysis for obstructive CAD were 99% and 17% for CCTA, 80% and 50%

for MPI and 91% and 67% for the combined method, respectively. The per-vessel diagnostic sensitivity and

specificity were 95% and 54% for CCTA, 59% and 75% for MPI and 84% and 76% for the combined method. There

were significant differences (p < 0.05) when comparing the combined method with MPI or CCTA by areas under the

curve in a patient- or vessel-based analysis. However, CACS of 400 or more could not further stratify the patients

with obstructive CAD.

Conclusions: CCTA, not CACS, provided additional diagnostic values to stress MPI in patients with intermediate-

to-high cardiovascular risk.

Key Words: Coronary artery disease (CAD) � Coronary computed tomography angiography (CCTA) �

Myocardial perfusion imaging (MPI) � Single-photon emission computed tomography (SPECT)

INTRODUCTION

Coronary artery disease (CAD) is one of the leading

causes of morbidity and mortality worldwide, and ac-

counts for a considerable number of deaths annually.

More than 400,000 people in the United States and over

17,000 people in Taiwan die of CAD each year.
1,2

This

disease will continue to have a substantial impact on

public health in aging populations as the prevalence of
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cardiovascular risk factors increases.

Noninvasive tests are crucial for accurately assessing

disease status and tailoring further treatment strategies.

Stress myocardial perfusion imaging (MPI) has become

the most commonly utilized imaging modality in diag-

nosing the presence of CAD and evaluating its severity.

It is a functional test and detects hemodynamically sig-

nificant CAD by revealing inducible ischemia after physi-

cal or pharmacological stress. Numerous clinical guide-

lines have manifested significant evidence for the diag-

nostic accuracy, risk stratification, and prognostic value

of MPI.
3-5

In contrast, coronary computed tomography angio-

graphy (CCTA) is a recently developed imaging method.

Unlike MPI, CCTA provides CAD anatomical information

by directly visualizing vascular structures and luminal

stenosis as well as characterizing plaque composition.

The existing literature has demonstrated CCTA’s high di-

agnostic accuracy and negative predictive value in con-

cordance with invasive coronary angiography (CAG) in

patients with suspected or known CAD.
6-8

The prognos-

tic value and its appropriate use criteria have also been

established.
5,9

Several studies observed that, through complemen-

tary information, CCTA offers additional value compared

to MPI alone for stratifying risks and guiding treatment

strategy.
10-14

However, additional radiation exposure and

cost remain important considerations. In addition, there

were limited data in terms of whether adding CCTA to

MPI provides incremental information regarding CAD di-

agnosis in patients with intermediate-to-high CAD risk.

Therefore, our study aimed to explore the diagnostic

performance of MPI, CCTA and combined methods using

CAG as the gold standard in this population.

MATERIALS AND METHODS

Study population

Our study examined 118 patients retrospectively

who had both myocardial perfusion scintigraphy and

CCTA within 6 months and elective invasive CAG. These

individuals were chosen from 1747 patients who re-

ceived CCTA for known or suspected CAD at the Na-

tional Taiwan University Hospital between Jan. 2007

and March 2011. No patients underwent revasculari-

zation between CCTA and MPI. Basic information was

collected from the patients, including age, gender,

body mass index, risk factors, Framingham risk scores

and symptoms. There were 106 patients that were ulti-

mately enrolled in this study, after exclusion criteria re-

duced the number of study participants by 12 including

those who underwent MPI using treadmill stress mode

and failed to reach 85% of age-predicted maximal heart

rate (n = 7), and low CAD risk patients (n = 5) (Figure 1).

In each patient, a diagnostic coronary angiogram was

performed using the standard technique after pretreat-

ment with intracoronary nitroglycerin to avoid vessel

spasm; multiple coronary artery projections were re-

corded digitally. All angiograms were examined, and

the degree of coronary stenoses was assessed using a

computer-aided quantitative angiographic analysis sys-

tem (DCI-S Automated Coronary Analysis, Philips Medi-

cal Systems, Eindhoven, Netherlands). An obstructive

CAD was defined as � 50% luminal stenosis in the left

main coronary artery or in at least one of the primary

coronary arteries and their major branches.
15

During

follow-up periods, there were surveys of both revas-

cularization and major adverse cardiac events, defined

as sudden cardiac death, congestive heart failure, fatal

or non-fatal myocardial infarction. This study was ap-

proved by the institutional review board at National

Taiwan University Hospital.
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Figure 1. Flow diagram showing patient enrollment in the study.



CCTA imaging

The patients received oral short-acting propranolol

(10 mg, AstraZeneca, UK) or diltiazem (30 mg, Mitsu-

bishi Tanabe Pharma, Japan) to reach a target heart rate

of � 65 bpm and 0.4 mg sublingual nitroglycerin (Pfizer,

USA) before image acquisition if no contraindications

were noted. Computed tomography (CT) examination

was performed with a 64-slice multidetector row com-

puted tomography (MDCT) scanner (LightSpeed VCT,

GE Healthcare, Milwaukee, WI, USA) until May, 2010

and afterwards with a 256-slice MDCT scanner (Bril-

liance iCT, Philips Medical Systems, Eindhoven, Nether-

lands). Initial unenhanced axial cardiac CT imaging was

obtained by use of a prospective electrocardiographic

trigger for the purpose of coronary artery calcium scor-

ing (CACS) (Agatston method). Contrast-enhanced CT

imaging was performed with images obtained from the

mid-ascending aorta to the diaphragm at 0.625 mm slice

thickness, 120 kV tube voltage, 0.35 s tube rotation time

in a 64-slice MDCT scanner, at 0.8 mm slice thickness,

120 kV tube voltage, and 0.27 s tube rotation time in

256-slice MDCT scanner. The mean tube current was

616 � 140 mA, with 609 � 126 mA (range 248-759 mA)

for 64-slice MDCT scanner and 640 � 185 mA (range

306-947 mA) for 256-slice MDCT scanner (p = 0.53).

Nonionic contrast media (iopromide, Ultravist 370 mg

I/ml, Bayer HealthCare, Tarrytown, NY, USA) was in-

jected using a dual-barrel injector (Stellant D, Medrad,

Warrendale, PA, USA).
16

Image reconstruction was per-

formed using retrospective cardiac gating. Image quality

was assessed by both bolus timing and the demonstra-

tion of coronary arteries, and ranked as good (no arti-

fact), satisfactory (moderate artifact, acceptable for

clinical diagnosis) and suboptimal (heavy motion artifact

impairing diagnostic accuracy) for CCTA.
17

Coronary ath-

erosclerosis with luminal stenosis � 50% was considered

positive for CAD. The definition of in-stent restenosis

was the same. Image quality and interpretation was per-

formed by an experienced radiologist without knowl-

edge of clinical information. We also evaluated the

added value of coronary artery CACS to MPI in diagnos-

ing obstructive CAD with a cut-off point of 400.
18

201
Thallium (Tl) single-photon emission CT (SPECT)

During a one-day period, stress/rest protocols were

performed using standardized Bruce treadmill or di-

pyridamole stress testing (0.14 mg/kg/min over 4 min-

utes) (Boehringer Ingelheim, San Cugat del Vallés, Spain).

A dose of 111 megabecquerel (MBq)
201

Tl was given at

either the peak stress level of the treadmill test or 3

minutes after the completion of dipyridamole infusion.
19

Those patients with severe hypoperfusion in post-stress

images received an additional 37 MBq of
201

Tl. Imaging

acquisition was started at 5 minutes, and 4 hours later

on one of three dual-head gamma cameras (Hawkeye,

GE Healthcare, Milwaukee, WI, USA; SMV, GE Health-

care, Milwaukee, WI, USA; Symbia T2, Siemens Health-

care Systems, Erlangen, Germany). Low-energy, high

resolution collimators were used, with energy windows

setting at 72 keV (� 10%) and 167 keV (� 10%). After a

noncircular 180� acquisition for 32 projections at 30

seconds/projection (at stress) and 40 seconds/projec-

tion (at redistribution), the image data were processed

in the eNTEGRA Workstation (Version 2.5202) for Haw-

keye and Vision Workstations (Version 6.0.0) for SMV,

using OSEM (2 iterations, 8 subsets) with a Butterworth

filter (order 4, cutoff 0.25; Hawkeye) and filter-back pro-

jection with a Butterworth filter (order 5, cutoff 0.24;

SMV). As for Symbia T2, the imaging data were obtained

with noncircular 180� acquisition for 64 projections at

22 seconds/projection (at stress) and 30 seconds/pro-

jection (at redistribution), and processed in Syngo Work-

station (Version 7.0.7.14), using Flash 3D (8 iterations, 8

subsets) and a Gaussian filter. Images were next recon-

structed into short-axis, vertical-long-axis and horizon-

tal-long-axis views, with the slice thickness of 8.3 mm,

5.5 mm, 5.5 mm for Hawkeye, and 8.1 mm, 5.4 mm, 5.4

mm for SMV, and 8.1 mm, 5.3 mm, 5.3 mm for Symbia

T2. There was no attenuation or scatter correction dur-

ing imaging interpretation.

For assessing the location and severity of perfusion

defects, 17 segmentation scores and a 5-point scale (0 =

normal, 1 = mildly abnormal, 2 = moderately abnormal,

3 = severely abnormal, 4 = no uptake) were used.
20

The

summed stress score (SSS) was calculated by adding all

scores in 17 segments on the stress image, and the

summed rest score (SRS) was the sum of scores on the

rest image. The summed difference score was the total

difference of all the segments between SSS and SRS. A

scan was considered abnormal if SSS � 4.
21

The perfu-

sion defects were placed into several categories: the an-

terior and septal walls, the territory of left anterior de-
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scending artery (LAD); the lateral walls, the left circum-

flex artery (LCX); and the inferior wall of the right

coronary artery (RCA).

The quality evaluation and imaging interpretation

were performed by two experienced nuclear medicine

physicians unaware of the clinical information. Image

quality was ranked as excellent (perfectly suitable for di-

agnosis, 4 points), good (sufficiently suitable for diagno-

sis, 3 points), fair (difficult for evaluation, 2 points), and

poor (impossible to evaluate due to severe noise or arti-

facts, 1 point) with consensus.
22

Two readers (one radi-

ologist, one nuclear medicine physician) performed fur-

ther assessment of CAD with the information gained

from both MPI and CCTA by careful correlation of perfu-

sion abnormalities to the corresponding stenotic vessels

by consensus.

Statistical analysis

Continuous variables were expressed as mean �

standard deviation. Categorical variables were expressed

as percentages. Differences between continuous vari-

ables were compared using Student t-test, and those be-

tween categorical variables were compared using Chi-

square test or Fisher’s test, as appropriate. With findings

on the CAG as the gold standard, the results of MPI,

CCTA and combined methods were presented as sensi-

tivity, specificity, positive predictive value, negative pre-

dictive value and accuracy data on both a per-patient

basis and a per-vessel basis to assess the diagnostic effi-

cacy of CAD. Next, receivers operating characteristic

(ROC) curves were generated, and the areas under the

curve (AUC) were calculated for identifying obstructive

CAD using diagnostic criteria based on either or both

imaging modalities and were compared by MedCalc

Software (Version 12, Ostend, Belgium). The p values

were 2-sided, and values � 0.05 were considered statis-

tically significant.

RESULTS

Patient characteristics and invasive coronary

angiographic findings

The demographic characteristics of the 106 patients

were listed in Table 1. There were 93 males (87.7%) and

13 females (12.3%), with a mean age of 65.0 � 10.4

years (range: 42-87 years). Thirty-seven patients (34.9%)

had a previous history of proven CAD and revascular-

ization, either by catheterization (29 patients, 27.4%),

bypass (2 patients, 1.8%), or both (6 patients, 5.7%).

Twenty-four patients (22.6%) had a history of stent im-

plantation. Four patients (3.8%) had documented non-

significant CAD. The remaining 65 patients consisted of

17 (16.0%) individuals with intermediate risk and 48

(45.3%) with a high risk. The mean interval between MPI

and CCTA was 2.0 � 2.2 months (range: 0-6.0 months),

and the mean interval between the first index study of

MPI or CCTA and CAG was 3.7 � 3.2 months (range

0.1-18.9, with the span > one year in 2 patients). Fifty-

nine patients (55.7%) received MPI before CCTA.

Stress MPI was performed with standardized tread-

mill mode in 43 patients (40.6%) and dipyridamole in 63

patients (59.4%). The mean dosage of
201

Tl administered
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Table 1. Patient characteristics

n 106

Age (years) 65.0 � 10.4 (42-87)

Males, n (%) 93 (87.7%)

BMI

Mean � SD 26.4 � 4.4

Range 17.7-47.1

BMI � 30 17

Risk factors

Hypertension 79 (74.5%)

Diabetes mellitus 44 (41.5%)

Dyslipidemia 59 (55.7%)

Current smoker 25 (23.6%)

Clinical symptoms

Chest pain 76 (71.7%)

Dyspnea 18 (17.0%)

No cardiac symptoms 12 (11.3%)

Framingham risk score

Intermediate 17 (16.0%)

High 48 (45.3%)

Known CAD 37 (34.9%)

Documented nonsignificant CAD 4 (3.8%)

Previous myocardial infarction 5 (4.7%)

Invasive coronary angiographic results

No significant CAD 18 (17.0%)

1-vessel-disease 37 (34.9%)

2-vessel-disease 29 (27.4%)

3-vessel-disease 22 (20.7%)

BMI, body mass index; CAD, coronary artery disease; SD,

standard deviation.



was 118.4 � 14.8 MBq, and the estimated effective ab-

sorbed radiation dose was 14.3 � 1.8 millisieverts (mSv).

Images were acquired using the Hawkeye gamma ca-

mera scanner for 42 patients, Symbia T2 gamma ca-

mera scanner for 5 patients and the SMV gamma ca-

mera scanner for the remaining 59 patients, with mean

image quality scores as 3.3 � 0.5, 3.6 � 0.5, and 3.4 �

0.6, respectively. There was no significant difference of

image quality between different scanners.

The CCTA was performed with a 64-slice MDCT scan-

ner (LightSpeed VCT, GE Healthcare, Milwaukee, WI,

United States) for 85 patients and a 256-slice MDCT

scanner (Brilliance iCT, Philips Medical Systems, Eindh-

oven, Netherlands) for the remaining 21 patients. The

CCTA study quality was good or satisfactory in 94 pa-

tients (88.7%), including 75 patients with a 64-slice

MDCT scanner and 19 patients with a 256-slice MDCT

scanner. No significant difference in image quality was

observed between the two scanners (p = 0.93).

The mean heart rate during scanning was 61.0 � 9.8

bpm. The calcium scores were 860 � 1075, which ex-

cluded the regions of stent implantation. The radiation

burden was available in 88 patients, with a mean value

of 17.8 � 5.4 mSv, 17.7 � 5.3 mSv for the 64-slice MDCT

scanner (n = 67) and 18.0 � 5.7 for the 256-slice scanner

(n = 21), with no difference between the two scanners

(p = 0.81). The radiation exposure from 256-slice scan-

ner was reduced further lately due to the application of

dose modulation technique. The left ventricular ejection

fraction (LVEF) was normal (> 50%) in 100 patients

(94%), mild to moderately impaired in 2 patients, and

poor in 4 patients (LVEF � 35%).

The indication for CAG in this study population in-

cluded intermediate-risk stress MPI results (symptom-

atic, n = 14; asymptomatic, n = 1), high-risk stress MPI

results with or without symptoms (n = 25), � 50% lu-

minal stenosis of coronary arteries in CCTA (symptom-

atic, n = 24; asymptomatic, n = 3), post-revascularization

patients with intermediate- to high-risk noninvasive

tests (symptomatic, n = 33; asymptomatic, n = 4), symp-

tomatic LV systolic dysfunction (n = 1), discordant find-

ings (low-risk imaging findings with ongoing symptoms,

n = 1). Coronary angiography demonstrated obstructive

CAD in 88 patients (83.0%), and in 161 vessels, including

67 LAD (63.2%), 44 LCX (41.5%) and 50 RCA lesions

(47.2%). Percutaneous coronary intervention (PCI) was

performed in 66 patients; two patients received coro-

nary artery bypass surgery. In the remaining 20 individu-

als with obstructive CAD, PCI failed in 4 patients (one

with proximal LAD total occlusion, one with 90% steno-

sis in the diagonal branch, one with total proximal RCA

occlusion, and one with 2-vessel disease, specifically the

total occlusion of mid-LAD and posterior descending ar-

teries). Sixteen patients continued on medical therapy

due to non-significant obstructive CAD (luminal stenosis

� 50% but < 70%) or a mild ischemic burden (n = 13),

technique difficulties (n = 2), or patient preference (n =

1): one patient had 3-vessel disease, two patients had

2-vessel-disease, four patients had RCA lesion (three

with total RCA occlusion and collateral formation), and 9

patients had LAD lesions (proximal LAD lesion in one pa-

tient). During a mean follow-up period of 36.0 � 14.7

months (range: 6.0-64.7 months) after the first image

study, only 3 patients experienced major adverse car-

diac events; these included one patient who suffered

repeat decompensated heart failure episodes followed

by sudden cardiac death, and two patients who suffered

non-fatal myocardial infarction.

Diagnostic performance of MPI, CCTA, or combined

methods

Table 2 showed the diagnostic performance of MPI,

CCTA and combined methods on a patient- and ves-

sel-based analysis in reference to CAG results. No signifi-

cant difference existed between the AUC of ROC curves

generated by MPI and CCTA results on a per-patient ba-

sis. On a vessel-based analysis, similar results were

found in LAD territory, whereas in RCA territory, CCTA

showed borderline superior performance, and in LCX

territory, CCTA significantly outperformed MPI study (p

= 0.008), and Figure 2 is an example. Combination of

two imaging modalities had better diagnostic perfor-

mance than standalone MPI, both on patient-based and

vessel-based analyses. As compared to CCTA, combined

method also yielded significant improvement in diag-

nosing CAD on per-patient and per-vessel bases, except

for evaluating LCX lesions. A large proportion of study

subjects had positive CCTA (n = 102, Figure 3), reflecting

its limited specificity in this population. In these pa-

tients, 15 patients were false positive (Table 2), and

could be reduced to 6 patients in combined method.

Among 27 patients with negative MPI findings, 18 pa-
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tients (66.7%) had obstructive CAD. This consisted of 6

patients with multivessel disease and 12 with single ves-

sel disease (proximal LAD lesion in one patient). Coronary

CT angiography was positive in 26 patients, except for one

with suboptimal imaging quality due to respiratory artifact

and with 70% stenosis in diagonal branch shown in CAG.

The incremental value of CACS to MPI

Figure 4 demonstrated the prevalence of obstruc-

tive CAD further stratified by results of MPI and CACS. In

patients with negative MPI (n = 27), subgroup with CACS

< 400 (n = 17, average 163 � 120, range 2-369) had simi-

lar prevalence of obstructive CAD as compared to sub-
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Table 2. Diagnostic performance of CCTA and MPI using obstructive CAD detected in CAG as gold standard

Sensitivity (%) Specificity (%) PPV (%) NPV (%) FP/FN/TN/TP Accuracy (%) AUC p value*

Patient based analysis

MPI 80 50 89 33 9/18/9/70 75 0.648

CCTA 99 17 85 75 15/1/3/87 85 0.578 0.40

Combination 91 67 93 60 6/8/12/80 87 0.788
#
0.03

#

Vessel-based analysis

Overall MPI 59 75 70 64 39/66/118/95 67 0.668

CCTA 95 54 68 91 72/8/85/153 75 0.746 0.02

Combined 84 76 78 83 38/25/119/136 80 0.801 < 0.001
#

LAD MPI 70 54 72 51 18/20/21/47 64 0.620

CCTA 97 31 71 86 27/2/12/65 74 0.639 0.77

Combined 90 62 80 77 15/7/24/60 79 0.755 0
#
0.007

#

LCX MPI 32 94 78 66 4/30/58/14 68 0.627

CCTA 93 60 62 93 25/3/37/41 74 0.764 00.008

Combined 75 74 67 81 16/11/46/33 75 0.746 0.02

RCA MPI 68 68 65 70 18/16/38/34 68 0.679

CCTA 94 64 70 92 20/3/36/47 78 0.791 00.051

Combined 86 88 86 88 7/7/49/43 87 0.867 < 0.001
#

* Compared to MPI by AUC.
#

Significant difference when compared to CCTA by AUC.

AUC, area under curve; CAD, coronary artery disease; CAG, coronary artery angiography; CCTA, coronary computed tomographic

angiography; FP, false positive; FN, false negative; LAD, left anterior descending artery; LCX, left circumflex artery; MPI, myocardial

perfusion imaging; NPV, negative predictive value; PPV, positive predictive value; RCA, right coronary artery; TN, true negative; TP,

true positive.

Figure 2. Representative images of LCX lesion not recognized in myocardial perfusion image (MPI). A 71-year-old man suffered from shortness of

breath for six months. (A) Myocardial perfusion imaging demonstrated inducible ischemia at the apex, septal, anterior, and apical inferior walls, indi-

cating LAD and RCA territories. (B) Coronary CT angiography performed 20 days later showed heavy calcification (calcium score 2087) and significant

coronary stenosis over three major coronary arteries, including the partially calcified plague at LCX (arrow). This finding was confirmed by invasive

coronary angiography performed 48 days after MPI. CT, computed tomography; LAD, left anterior descending artery; LCX, left circumflex artery; RCA,

right coronary artery.

A B



group with CACS � 400 (n = 10, average 1120 � 492,

range 458-1810) (65% versus 70%, respectively, p = 1.0).

Obstructive CAD was still proven in 11 patients with

negative MPI and CACS < 400. In subgroup of CACS <

400 and negative MPI, no significant difference was ob-

served between patients with and without obstructive

CAD, regarding age, gender, body mass index, Framing-

ham score, hypertension, diabetes, hyperlipidemia, cur-

rent cigarette usage, or symptoms. In patients with posi-

tive MPI (n = 79), the prevalence of obstructive CAD was

similar between two subgroups stratified by CACS of

400 (CACS < 400, n = 41, average 152 � 121, range

0-386; CACS � 400, n = 38, average 1694 � 1125, range

586-4649) (85% versus 92%, respectively, p = 0.48).

DISCUSSION

There are several findings in this study. First of all,

MPI and CCTA have similar diagnostic power in detect-

ing obstructive CAD on a per-patient basis. However, on

a per-vessel basis, MPI has an inferior ability to demon-

strate LCX lesions as compared to CCTA. Second, false

negative MPI results are not uncommon in this popula-

tion. We confirmed that CCTA aided in diagnostic accu-

racy for obstructive CAD to standalone MPI in interme-

diate-to-high risk patients. Third, CACS of 400 did not

show significant incremental value in stratification in

this small population. Additional CCTA, not CACS, should

be considered first when clinical suspicion of CAD is

high, even MPI is negative.

Stress MPI is a widely adopted imaging method for

CAD assessment. It is recommended in stable symptom-

atic patients with intermediate-to-high CAD risk and se-

lected patients after revascularization.
5

The diagnostic
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Figure 3. Representative images of overestimation of disease severity in coronary CT angiography (CCTA). A 51-year-old man with a previous his-

tory of percutaneous occlusive balloon angioplasty to the left anterior descending artery (LAD) and left circumflex artery (LCX) recently presented

with intermittent chest tightness. (A) Myocardial perfusion imaging (MPI) yielded a negative result. (B) and (C), Nonetheless, CCTA subsequently

showed a calcium score of 168, luminal stenosis > 50% at the diagonal branch (arrow), and about 50% stenosis at proximal LCX (arrow), mid LAD and

first obtuse marginal branch (not shown). A coronary angiography later showed no definite evidence of obstructive coronary artery disease.

Figure 4. Prevalence of obstructive coronary artery disease evaluated

by myocardial perfusion imaging (MPI) and coronary artery calcium

score (CACS) categories.

A

B
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performance indicated in meta-analysis showed a pooled

sensitivity of 88% and specificity of 61% on a per-patient

basis; it showed a pooled sensitivity of 69% and specific-

ity of 79% on a coronary territory basis. However, the

values can be influenced by many factors, such as differ-

ent stressors, tracers, attenuation correction applica-

tions, CAD cutoff point on CAG, and prevalence of CAD

and 3-vessel disease.
3

Our study showed similar specific-

ity on a patient basis as those in the higher CAD preva-

lence (� 72%) and 3-vessel disease (� 18%) (49% and

47%, respectively), and lower value as compared to

those using � 50% stenosis as CAD cutoff points on

angiography (69%). Nonetheless, the sensitivity on a pa-

tient basis, vessel-based overall sensitivity and vessel-

based overall specificity showed slightly lower results

than those reported (80% versus 89-93%, 59% versus

69%, 75% versus 79%, respectively), which could be at-

tributed to aforementioned factors and lack of non-

perfusion abnormality information in the current study.
23

We also noticed an unequal MPI detection rate of indi-

vidual coronary artery stenosis. A relatively lower sensi-

tivity was noted in LCX lesions, consistent with previous

medical literature.
24

One possible explanation may be

that perfusion defects located in the least-attenuated

lateral wall were not as apparent as those in the rest of

the myocardium.
24

CCTA offers morphological data of CAD, and the re-

ported pooled sensitivity, specificity, median positive

predictive value, negative predictive value in patient-

based detection were 99%, 89%, 93% (range 64-100%)

and 100% (range 86%-100%), respectively, in a meta-

analysis involving 28 studies using 64-slice CT to evalu-

ate suspected or known CAD. In segment-based detec-

tion, the values were 90%, 97%, 76% (range 44-93%)

and 99% (range 95-100%), respectively.
6

The excellent

negative predictive value indicated its reliability to ex-

clude obstructive CAD. Nonetheless, the wide range of

PPV was suggestive of the possibility to overestimate

disease severity. Especially in populations with a higher

cardiovascular risk, it may be more likely associated with

imaging modality challenges when interpreting CCTA,

such as heavy calcification, motion artifacts caused by

rapid, irregular heartbeats or respiration, and the pres-

ence of metallic stent material; all of these lead to limi-

tations in performance of this modality.
17,25

For exam-

ple, the specificity can drop from approximate 90% to

50.6% as the calcium scores elevated from 0-400 to

401-1000.
26

Therefore, in symptomatic patients without

previous intervention, the appropriate use of CCTA is re-

served for those with intermediate pre-test probability,

along with uninterpretable ECG or inability to exercise.

In patients after revascularization, it is considered

“maybe appropriate” in evaluation of ischemic equiva-

lent and those with prior left main coronary stent;

other conditions are rarely appropriate and none of

them is considered appropriate.
5

In our study, the CCTA

sensitivity exceeded 90% in both patient- and ves-

sel-based analysis, and the PPV ranged from 62-85%, in

line with many other studies, but the specificity was

rather unsatisfactory.
6-8

This is because more subjects

with higher CAD risk were included (patients with in-

termediate risk constituted only 16%). Therefore,

11.3% of CCTA scans in this study were classified as un-

satisfactory imaging quality, where the average calcium

scores were as high as 1680 � 1394; 24 patients (22.6%)

had a history of stent implantation. This study did not

exclude these patients in order to reflect the real-world

clinical scenarios. As a result, nearly all of the subjects

(102 patients, 96.2%) had positive scans, while only 88

patients (83.0%) were found to have obstructive CAD.

The MPI and CCTA findings, representing anatomical

and functional aspects of CAD, may only share a modest

relationship.
27,28

That is, abnormal CCTA is a poor predic-

tor of ischemia, and a normal MPI study can also corre-

spond to various types and severities of coronary ath-

erosclerosis. However, by providing complementary in-

formation and compensating the limitations of two

methods, emerging evidence has demonstrated the use-

fulness of combined modalities in CAD diagnosis, treat-

ment planning and risk stratification. Patel et al. studied

241 low-to-intermediate risk participants with equivocal

MPI results and discovered that CCTA can effectively ex-

clude significant obstructive CAD in 175 patients, thus

avoiding unnecessary CAG by almost 75%.
10

Gaemperli

et al. reported that the combined non-invasive ap-

proach of CCTA and MPI in 78 patients with known or

suspected CAD has excellent accuracy (100%) in the de-

tection of flow-limiting coronary stenosis, defined as

revascularization, using quantitative coronary angio-

graphy and MPI as standard of reference; therefore it

can be a promising gatekeeper before CAG.
11

Several

studies with hybrid SPECT/CCTA have also shown incre-
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mental value. Schaap et al. demonstrated the reliability

of treatment decisions made from hybrid CCTA/SPECT

results in 107 patients with stable angina and intermedi-

ate-to-high pretest likelihood for CAD, using conven-

tional reference information obtained from SPECT and

CAG.
12

In patients with either known or suspected CAD,

Pazhenkottil et al. found significantly different revas-

cularization rates among normal, unmatched, and ab-

normally matched results; the latter was also a strong

predictor for MACE.
13,14

Regarding diagnostic accuracy,

Schaap et al. showed improved overall performance of

the hybrid method compared to standalone SPECT and

CCTA in 98 patients, with a reference standard of frac-

tional flow reserve.
29

In this study, although CCTA seemed

to have higher sensitivity and lower specificity for CAD

diagnosis when compared to MPI, overall diagnostic

performance did not reveal significant differences be-

tween these two methods in both per-patient and per-

vessel analyses, except for evaluation of LCX lesions,

known to be the weak point of MPI. Despite all the chal-

lenging characters in the study population when reading

CCTA, additional anatomical information showed bene-

fit, as indicated by previous literature, and the com-

bined approach significantly improved diagnostic accu-

racy of standalone MPI on both a patient and vessel

bases. In patients with high clinical suspicion of CAD and

negative MPI, CCTA could provide valuable noninvasive

structural assessment of coronary arteries. On the other

hand, CCTA scan has relatively high false positive results,

and additional MPI can help reduce 60% of them in this

study (from 15 patients to 6 patients).

Previous evidence also showed that knowledge of

CACS can aid in diagnostic certainty when interpreting

MPI, and help identify patients with significant CAD and

negative MPI.
30,31

Additionally, combination of CACS and

MPI allows risk stratification before noncardiac sur-

gery.
32

In our study, CACS < 400 cannot further stratify

patients in both positive and negative MPI groups. This

could be attributed to the small number of each sub-

group, and the relatively high prevalence of CAD in the

study population; therefore, evaluation of more partici-

pants will be needed.

Radiation exposure from medical tests is an impor-

tant issue. There is a trend towards the increasing util-

ity of diagnostic procedures, along with increased ex-

posure to radiation. Among various imaging modalities,

CT and scintigraphy scanners contribute to 50.8% and

13.6% of the radiation dosage in Taiwan, respectively;

similar results were also observed in the United States.
33,34

Myocardial perfusion imaging is the fourth-leading

cause of radiation exposure among all medical proce-

dures, and the leading cause of radiation among all nu-

clear medicine procedures, with estimated effective

doses of 14.3 � 1.8 mSv on average in this study, con-

sistent with those in the medical literature.
33,34

The ef-

fective CCTA scan dose is in the same magnitude in this

study (17.8 � 5.9 mSv), similar to another multicenter

research study (12 mSv, interquartile range 8-18 mSv).
35

In response to initial concerns about radiation dose,

many technical advances have permitted a dramatic re-

duction in patient radiation exposure with preserved

image quality, such as cadmium-zinc-telluride (CZT)

scanner for MPI or dose-saving CCTA algorithms.
35,36

In

addition, CCTA is not covered by the National Health

Insurance program in Taiwan. The potential benefit of

cardiac imaging has to be justified in the context of ra-

diation exposure and cost before proceeding to an-

other examination.

This study had some limitations. First, the study

population was small and heterogeneous. Second, only

patients who underwent catheterization were included

for analysis, resulting in a high CAD prevalence rate and

variable specificity of imaging studies. In addition, ejec-

tion fraction and wall motion obtained from gated

SPECT were not routinely performed, which inevitably

affect diagnostic performance of MPI.
3,23

Therefore, a

large-scale prospective study is warranted to further

elucidate our findings.

CONCLUSIONS

In conclusion, our study showed that CCTA and MPI

had similar diagnostic performance in patients with in-

termediate-to-high risk CAD on a patient-based analysis.

Standalone CCTA outperformed MPI in evaluation of LCX

lesion, whereas the combined method showed signifi-

cantly better diagnostic performance in both patient-

and vessel-based analyses. CACS of 400 did not show

additional value in stratification of obstructive CAD in

such small patient group. CCTA can be considered first in

selective clinical settings after MPI in this population. As
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for CCTA, additional MPI can also reduce a considerable

amount of false positive results.
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