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Background. The benefits of attenuation correction (AC) in technetium-99m myocardial
perfusion imaging (MPI) have been well established. However, the value of thallium (TI-201)
AC and routine computed tomography AC (CTAC) were less well established. The aims of this
study were to evaluate the diagnostic performance of thallium (TI-201) MPI with additional
CTAC and to determine which participants would benefit most.

Methods and Results. A total of 108 consecutive patients who underwent T1-201 MPI and
received coronary angiography within 3 months were enrolled. Diagnostic performance was
determined by sensitivity, specificity, and receiver operating characteristic curve analysis. Subgroup
analyses were performed using gender and obesity. CTAC improved the area under the curve (0.84
vs.0.77, P = 0.037 at patient level), primarily due to a significant improvement in specificity (0.78 vs.
0.57, P = 0.013) and no significant difference in sensitivity (0.79 vs. 0.82, P = 0.75). In subgroup
analysis, CTAC was most helpful in obese subjects, men, and especially right coronary artery lesions.

Conclusions. CTAC significantly improved diagnostic performance primarily by increasing
the specificity, and the improvements were significantly greater in obese patients and male
patients. These findings suggest that CTAC should be applied to T1-201 MPI as routine clinical
practice. (J Nucl Cardiol 2019;26:1584-95.)
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Abbreviations

AC Attenuation correction

CAD Coronary artery disease

CTAC Computed tomography attenuation|
correction

LAD Left anterior descending coronary|
artery

LCx Left circumflex coronary artery

MPI Myocardial perfusion imaging

RCA Right coronary artery

SPECT Single-photon  emission  computed
tomography

T1-201 Thallium-201

See related editorial, pp. 1596-1598

INTRODUCTION

Myocardial perfusion imaging (MPI) is a well-
established diagnostic tool to evaluate coronary artery
disease (CAD), and is widely used to guide medical
decisions such as when to use invasive coronary
angiography (CAG).! However, attenuation artifacts
are still an important issue, especially when using low-
energy radiotracers.” Since the introduction of combined
single-photon emission computed tomography/com-
puted tomography (SPECT/CT) in 2005 CT
attenuation correction (CTAC) has been performed by
converting Hounsfield units into attenuation coefficients,
providing a high-resolution transmission map in a short
time.* A lower radiation dose in SPECT/CT has also
been achieved by reducing X-ray tube current and
incorporating new reconstruction protocols.” In addition,
CT can provide additional anatomic details such as
coronary calcium and CT angiography.®’

A recent meta-analysis summarized the evidence in
favor of the use of attenuation correction (AC) MPI to
detect CAD by demonstrating improved diagnostic
accuracy after AC.S However, few studies have evalu-
ated the effect of CTAC,3’9’12 and only two have used
thallium-201 (T1-201).>"* In Taiwan, MPI is mainly
performed using TI-201 with dipyridamole stress
because of the lower cost and single injection for
stress-redistribution studies.'* The multiple emission
characteristics of TI-201 increases the challenge of
image acquisition,”” and the majority of low-energy
characteristic X-rays can cause additional problems in
attenuation.* Moreover, scattered photons cannot be
neglected as they account for 50% of all detected
photons in typical T1-201 MPL.'*”

Gender and body habitus may also cause significant
attenuation. However, few studies have focused on this
issue,"""'*1%2% and only one study was performed with
an Asian population.'' Furthermore, over-correction has
been reported, and small perfusion defects can be missed
resulting in lower sensitivity.*%!!29-22

The aim of this study was to investigate whether
additional CTAC could improve the diagnostic accuracy
of TI-201 MPI in conventional hybrid SPECT/CT by
combining the interpretation of both CTAC and non-AC
(NAC) images using CAG as the reference standard. In
addition, the study aimed to determine which subjects
may benefit most from CTAC.

METHODS

Study Design and Study Population

This study was approved by the Institutional Review
Board and complied with the Declaration of Helsinki (Ap-
proval Number: 201106041RC). The need for written informed
consent was waived due to the retrospective nature of the
study. The diagnostic performance of TI-201 MPI was retro-
spectively evaluated by comparing CTAC vs. NAC. A total of
2,603 consecutive patients (2,380 who underwent dipyri-
damole testing, 214 who underwent exercise stress testing, and
nine who underwent dobutamine testing) were referred for
MPI at the division of Nuclear Medicine, National Taiwan
University Hospital Yun-Lin Branch from January 2008 to
June 2009. The inclusion criteria were patients (1) with known
or suspected CAD, (2) who underwent CTAC MPI, and (3)
who received CAG within 3 months after MPI. The exclusion
criteria were (1) missing CAG reports, (2) patients who did not
undergo CTAC for technical reasons, and (3) duplicate
patients. Finally, a total of 108 subjects were enrolled for
further analysis (Figure 1).

MPI was performed on the Symbia T2 system (Siemens
Medical Solutions Inc., Hoffman Estates, Illinois, USA), which
utilized single dual-head SPECT/CT. Clinical data including
age, gender, height, weight, subjective symptoms, medical
history, risk factors for CAD, and treatment before MPI were
surveyed and recorded at the time of the index MPI study.
Medical records were reviewed for at least 2 years after MPI,
and major adverse cardiac events (MACE:s; cardiac death or
nonfatal myocardial infarction) were also recorded.

Image Acquisition and Reconstruction

Standard dipyridamole, treadmill, and dobutamine stress
T1-201 MPI were performed based on the American Society of
Nuclear Cardiology and the American Heart Association
guidelines.”> MPI was acquired at 5 minutes and again at 3
to 4 hours after an injection of 2.5-3 mCi T1-201. Reinjections
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Figure 1. Study Flowchart. From January 2008 to June 2009, 2603 consecutive subjects were
referred to our department for routine TI-201 myocardial perfusion imaging. We excluded 2495
subjects according to exclusion criteria. A total of 108 subjects were enrolled in this study.

were performed if a severe perfusion defect was noted in the
post-stress images. Electrocardiography (ECG)-gated SPECT
(eight frames per cardiac cycle) was acquired on a dual-head
SPECT/CT scanner equipped with low-energy general purpose
collimators using a noncircular 180° acquisition for 64
projections at 22 (at stress) and 30 (at redistribution) seconds
per projection. Two energy windows were set at 72 keV (+
15%) and 167 keV (x 10%) of T1-201. Emission images were
processed using Syngo imaging software (Siemens) and stored
in a 128 x 128 matrix.'>**

A single low-dose breath-hold CT scan was performed
after post-stress emission acquisition. In addition, a CT
attenuation map was reconstructed by an average CT. Details
of the acquisition protocols and parameters have been previ-
ously described'?* CT images were reconstructed onto a
512 x 512 matrix. Attenuation maps were generated at both
low and high energy spectrums, and attenuation coefficients
were generated pixel by pixel. The emission and transmission
images were manually matched to avoid misregistration
artifacts.'"*> Both NAC and CTAC emission images were
processed using ordered-subset expectation maximization
reconstruction  software and displayed as previously
described.'>**

Scatter correction was applied using a triple energy
window method.”® When using TI-201, the correction was
carried out using two sets of data: one set was acquired with a
main window centered at photopeak energy (72 + 15% and 167
+ 10% keV), and the other was acquired with two subwindows

(20%) on both sides of the main window of 72 keV and one
subwindow (15%) below the side of the main window of 167
keV. The number of scattered photons included in the main
window was estimated from the counts acquired with the
subwindows and then they are subtracted from the count
acquired with the main windows.

Imaging Analysis

Two experienced nuclear medicine physicians (J-YH and
Y-WW) interpreted the MPI images with consensus. The
images were presented in a random sequence for interpretation
by physicians who were blinded to the patient’s history, CAG
findings, and information from CT. The myocardium was
divided into standardized AHA 17 segments, and each segment
was scored in a semiquantitative manner using a standard 5-
point scoring system.”’ The summed stress score (SSS),
summed rest score, and summed difference score (SDS) were
obtained. Left ventricle ejection fraction (LVEF) was calcu-
lated by quantitative-gated SPECT (version 7.0.7.3, Cedars
Sinai Medical Center, Los Angeles, California, USA).'Q Non-
perfusion abnormalities (transient left ventricle (LV) dilation,
lung/heart ratio) and gated information (volume, ejection
fraction, and wall motion) were not taken into account during
perfusion scoring due to the assumption that these data would
not be affected by AC.*®

We calculated the Youden index for the optimal cutoff of
SDS for further analyses.”> An SDS of 5 was chosen as the
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Table 1. Baseline characteristics of study population

Total [mean (SD)] CAD (+) n = 61 CAD (-) n = 47 P value
Age (years) 64.3 (10.5) 67.0 (9.9) 61.6 (10.7) 0.008
BMI 25.9 (4.18) 25.3 (4.4) 26.7 (3.8) 0.08
Post-stress LVEF (%) 52.8 (16.3) 49.8 (14.2) 56.6 (18.3) 0.039
Rest LVEF (%) 55.9 (16.2) 55.4 (14.6) 56.5 (18.4) 0.74
n (%)

Women 36 (33.3%) 27 (44.3%) 9 (19.1%) 0.008
Clinical history

Hypertension 81 (75.0%) 52 (85.2%) 29 (61.7%) 0.007

DM 47 (43.5%) 31 (50.8%) 16 (34.0%) 0.12

Dyslipidemia 45 (41.7%) 30 (49.2%) 15 (31.9%) 0.08

Smoking 14 (13.0%) 6 (9.8%) 8 (17.0%) 0.24

History of CAD 49 (45.4%) 35 (57.4%) 14 (29.8%) 0.006

History of CABG 8 (7.4%) 7 (11.5%) 1(2.1%) 0.13

History of HF 2 (1.9%) 0 (0%) 2 (4.3%) 0.19

History of VHD 1 (0.9%) 0 (0%) 1(2.1%) 0.44

History of AAA/DAA 2 (1.9%) 1(1.6%) 1(2.1%) 1.00
Risk factors

O RF 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.34

1RF 3 (2.8%) 2 (3.3%) 1(2.1%)

2RF 20 (18.5%) 7 (11.5%) 13 (27.7%)

3RF 38 (35.2%) 22 (36.1%) 16 (34.0%)

ARF 31 (28.7%) 20 (32.8%) 11 (23.4%)

> ARF 16 (14.8%) 10 (16.4%) 6 (12.8%)

Data are represented as mean (SD) or number (percentages). Risk factors including hypertension, diabetes mellitus, dyslipidemia,

current smoker, men > 45 years old, or women > 55 years old

AAA, Abdominal aortic aneurysm; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease;
DAA, dissecting aortic aneurysm; DM, diabetes mellitus; HF, heart failure; LVEF, left ventricular ejection fraction; RF, risk factors;

VHD, valvular heart disease

optimal cutoff for both CTAC and NAC images. Therefore, an
SDS > 5 was considered to be positive for CAD, and an SDS
< 5 was considered to be negative for CAD. Assignment of
vessel territory mainly followed the rule of standardized
myocardial segmentation by the AHA Writing Group.”’
Because there was some overlap between coronary arteries,
we allocated these perfusion abnormalities according to the
CAG findings.***' An abnormal MPI result in a certain
coronary artery was defined when there was a difference in the
summed segmental scores of a coronary artery territory
between stress and resting images.

In addition, the diagnostic performances of CTAC non-
ECG-gated and NAC with ECG-gated were compared in
patients with good quality images of both CTAC and ECG-
gated SPECT. LV functional parameters were used to differ-
entiate scarred and attenuated myocardium.

Coronary Angiography

Invasive CAG was performed according to standard
percutaneous techniques within 3 months after MPI. Clinical
angiographic reports, based on visual interpretations by at least

two experienced angiographers, were used as reference.
Stenosis of 50% narrowing of the luminal diameter in the left
main and stenosis of 70% narrowing in the left anterior
descending coronary artery (LAD), left circumflex coronary
artery (LCX), and right coronary artery (RCA) were consid-
ered to indicate significant stenoses.

Statistical Analysis

Descriptive analysis was performed according to CAD
status. The Student’s t-test and Fisher’s exact test were used to
compare differences between CAD-positive and CAD-negative
groups, respectively. Semiquantitative data were expressed as
mean = SD. Comparisons between two groups (CTAC vs.
NAC) were performed using the non-parametric paired sam-
ples t-test. The sensitivity, specificity, positive predictive
value, negative predictive value, likelihood ratios, and their
95% confidence intervals for the diagnosis of CAD were
calculated at patient level and by vascular territory. Differ-
ences in parameters between groups were compared using
McNemar’s test, weighted generalized score statistic, and Z
test.’” Receiver operating characteristic (ROC) curve analyses
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Table 2. Diagnostic performance of stress myocardial perfusion imaging after CT-attenuated correc-
tion or not: by patient-based and vessel-based analyses

CTAC (95% ClI) NAC (95% CI) P value
Patient-based n = 108
Sensitivity 0.79 (0.66, 0.88) 0.82 (0.70, 0.91) 0.75
Specificity 0.78 (0.64, 0.89) 0.57 (0.42, 0.72) 0.013
PPV 0.83 (0.71, 0.91) 0.71 (0.59, 0.82) 0.015
NPV 0.74 (0.60, 0.85) 0.71 (0.54, 0.85) 0.61
LR + 3.70 (1.48, 5.92) 1.93 (1.21, 2.65) 0.12
LR — 0.27 (0.13, 0.42) 0.31 (0.12, 0.51) 0.73
AUC 0.84 (0.76, 0.92) 0.77 (0.68, 0.86) 0.037
LAD n = 108
Sensitivity 0.93 (0.82, 0.99) 0.93 (0.82, 0.99) 1.00
Specificity 0.56 (0.43, 0.69) 0.39 (0.23, 0.52) 0.001
PPV 0.61 (0.49, 0.73) 0.53 (0.42, 0.64) <0.001
NPV 0.92 (0.79, 0.98) 0.89 (0.71, 0.98) <0.001
LR + 2.15(1.48, 2.82) 1.53 (1.18, 1.87) 0.09
LR — 0.12 (- 0.02, 0.25) 0.17 (- 0.03, 0.37) 0.68
AUC 0.75 (0.68, 0.82) 0.66 (0.59, 0.73) <0.001
LCX n = 108
Sensitivity 0.70 (0.51, 0.84) 0.73 (0.54, 0.87) 1.00
Specificity 0.76 (0.65, 0.85) 0.59 (0.47, 0.70) <0.001
PPV 0.56 (0.40, 0.72) 0.43 (0.30, 0.58) 0.001
NPV 0.85 (0.74, 0.93) 0.83 (0.70, 0.92) 0.23
LR + 2.90 (1.48, 4.33) 1.76 (1.12, 2.40) 0.13
LR — 0.40 (0.17, 0.62) 0.46 (0.17, 0.76) 0.74
AUC 0.73 (0.64, 0.82) 0.66 (0.56, 0.75) 0.007
RCA n =106
Sensitivity 0.73 (0.56, 0.86) 0.84 (0.68, 0.94) 0.031
Specificity 0.70 (0.57, 0.80) 0.48 (0.36, 0.60) 0.001
PPV 0.56 (0.41, 0.71) 0.46 (0.34, 0.59) 0.012
NPV 0.83 (0.71, 0.91) 0.85 (0.69,0.94) 0.67
LR + 2.40 (1.36, 3.43) 1.61 (1.15, 2.06) 0.15
LR — 0.39 (0.16, 0.62) 0.34 (0.06, 0.62) 0.77
AUC 0.71 (0.62, 0.80) 0.66 (0.57, 0.74) 0.13

AUC, Area under receiver operating characteristic curve; CTAC, computed tomography attenuation correction; LAD, left anterior
descending artery; LCX, left circumflex artery; LR, likelihood ratio; LR +, positive likelihood; LR —, negative likelihood; NAC, non-
attenuation correction; NPV, negative predictive value; PPV, positive predictive value; RCA, right coronary artery

with areas under the curve (AUCs) were performed to evaluate
the ability to predict significant coronary stenosis.

Additional subgroup analyses were performed, classified
by gender and obesity. Obesity was defined as a body mass
index (BMI) > 27 kg/m* according to the criteria of the
Ministry of Health and Welfare (MOHW) in Taiwan, and
normal weight was defined as a BMI < 27 kg/m?.>* Interaction
measurements and causal associations between gender and
obesity and AC were calculated (Online Resource 1).

Sample size calculation was performed by comparing two
ROC curves. The input data were the pooled estimates from
four CTAC studies included in a previous meta-analysis,® and
the sample size needed was 83. A two-sided P value < 0.05

was considered to be statistically significant. Statistical anal-
ysis was performed with commercial software (SAS version
9.4, SAS Institute Inc., North Carolina, USA and MedCalc for
Windows, version 12.7, MedCalc Software, Ostend, Belgium).

RESULTS

Patients

A total of 108 patients [36 females (33.3%) and 72
males; mean age: 64.3 + 10.5 years] were included in
this study. No adverse events from MPI or CAG were
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Figure 2. ROC curve plotting showed a significant improve-
ment of AUCs after computed tomography attenuation
correction (P = 0.037). (AUC, area under curve; CTAC,
computed tomography attenuation correction, NAC, non-
attenuation correction; ROC, receiver operating characteristic).

noted. The detailed clinical characteristics of the
patients are summarized in Table 1, and MPI charac-
teristics were are summarized in Online Resource 2. The
average post-stress LVEF was 52.8%, and the rest LVEF
was 55.9%.

Coronary Angiography Results

CAG showed significant coronary artery stenosis in
61 (56.5%) patients, with stenosis affecting LAD in 46
(42.6%), LCX in 33 (30.6%), and RCA in 37 (34.9%)
patients. Of the patients with significant CAD, 23
(37.7%) had one-vessel disease, 21 (34.4%) had two-
vessel disease, and 17 (27.9%) had three-vessel disease.
CAG of the RCA was not performed in two patients due
to technical failure; therefore, only 106 reference RCA
angiographic results were analyzed.

Diagnostic Performance of MPI: CTAC vs.
NAC

The mean SSS and SDS for CTAC were signifi-
cantly lower than their respective values obtained with
NAC (SSS: 13.58 £ 9.51 vs. 16.55 £ 9.58, P < 0.0001;
SDS: 595 +5.06 vs. 7.12+5.30, P <0.0001,
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Figure 3. Representative myocardial perfusion imaging of a
57-year-old man with hypertension. Stress and rest images are
shown for both non-attenuated corrected (NAC) vs. computed
tomography attenuation correction (CTAC) images. The NAC
image showed respiratory motion artifact. Mild reversible
perfusion defects at the anterior, inferolateral, and inferior
walls are noted on NAC image, which showed improvement in
post-stress perfusion after CTAC. Coronary angiography
8 days later showed patent coronary arteries.

respectively). The three most attenuated segments were
the basal inferior, basal inferolateral, and middle inferior
segments.

The overall diagnostic performance of CTAC vs.
NAC is shown in Table 2. There were no significant
changes in sensitivity but significant improvements in
specificity for detecting patient-level CAD, LAD, and
LCX stenosis between CTAC vs. NAC, resulting in
improvements in AUCs after CTAC. ROC curves for
both CTAC and NAC (when used to diagnose CAD at
the patient level) are shown in Figure 2. When using
SDS > 4 and SDS < 4 as cutoff values34, the diagnostic
performance between CTAC and NAC showed a similar
trend, but the AUC failed to reach a significant differ-
ence (P = 0.20, Online Resource 3).

In the patients with RCA stenosis, CTAC signifi-
cantly improved specificity (P = 0.001) but reduced
sensitivity (P = 0.031), resulting in no change in AUC
(P =0.13). A demonstration of improved diagnosis
after CTAC is shown in Figure 3 for patient #116.

Suboptimal gated SPECT imaging quality and
inaccurate gated volumetric information were noted in
17 patients (15.7%), probably due to low TI1-201 count
or gating errors. The diagnostic performance of CTAC
non-ECG-gated was compared with NAC with ECG-
gated in 91 patients with interpretable image quality of
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Table 3. Diagnostic performance of stress myocardial perfusion imaging: CTAC non-ECG-gated vs.

NAC with ECG-gated, by patient-based analyses

n =91 CTAC non-ECG-gated (95%CI) NAC with ECG-gated (95%Cl) P value
Sensitivity 0.80 (0.66, 0.89) 0.61 (0.47, 0.74) 0.0213
Specificity 0.82 (0.65, 0.92) 0.78 (0.62, 0.90) 1.00
AUC 0.80 (0.72, 0.89) 0.70 (0.60, 0.79) 0.0496

AUC, Area under receiver operating characteristic curve; CTAC, computed tomography attenuation correction; ECG, electro-

cardiography; NAC, non-attenuation correction

gated SPECT. The CTAC non-ECG-gated images
showed better sensitivity (0.80 vs. 0.61, P = 0.021),
similar specificity (0.82 vs. 0.78, P = 1.00), and bor-
derline better AUC (0.80 vs. 0.70, P = 0.0496)
compared with NAC with ECG-gated images (Table 3).

Subgroup Analysis

Subgroup analysis by gender showed similar results
in males compared with the group as a whole (i.e., males
plus females), as shown in Table 4A. CTAC showed a
decrease in sensitivity only when diagnosing RCA
stenosis, although this did not reach statistical signifi-
cance (0.71 vs. 0.82, P = 0.50). However, in the female
subgroup, although similar trends were noted (i.e.,
improvements in specificity and AUC at the patient
level and for each vessel stenosis), the results failed to
reach significance. Regarding the test of effect modifi-
cation, no interaction between gender and AC was found
at the patient level, LAD, LCX, or RCA (P = 0.93,
0.59, 0.41, 0.89, respectively).

In subgroup analysis by obesity versus normal
weight, one patient did not have data on body height and
body weight, and, therefore, BMI was not calculated.
There were 38 patients in the obesity subgroup and 69
patients in the normal weight subgroup. Two patients
did not have angiographic data of RCA (one in each
subgroup).

Significant differences were noted in specificity and
AUC between CTAC and NAC in both subgroups to
diagnose patient-level CAD and LAD stenosis. How-
ever, when diagnosing LCX stenosis, the only result
which reached significance was a change in specificity
in the obesity subgroup. Moreover, when diagnosing
RCA stenosis, significant differences were noted in
specificity and AUC between CTAC and NAC only in
the obesity subgroup. To test the effect modification, an
interaction between BMI and AC was noted when
diagnosing RCA stenosis (P = 0.013). Detailed infor-
mation is shown in Table 4B.

DISCUSSION

AC vs. NAC

When diagnosing CAD at the patient level, the
combination of CTAC images led to significant
improvements in diagnostic performance by improving
specificity without reducing sensitivity. When diagnos-
ing single vessel stenosis, CTAC images significantly
improved diagnostic performance when evaluating LAD
and LCX, but only slightly improved diagnostic perfor-
mance when evaluating RCA. The same results were
noted in men at both patient and vascular levels. CTAC
improved diagnostic performance in patient-level CAD
and LAD stenosis regardless of weight. There was an
interaction between BMI and RCA lesions and an
improvement in the AUC of RCA stenosis only in the
obesity subgroup.

Many reports in the literature have evaluated CTAC
in MPI with diverse analytic methods. Our previous
meta-analysis revealed that AC increased specificity
without compromising sensitivity, resulting in an
improvement in the diagnostic odds ratio.® In 2003,
Utsunomiya et al. conducted the first CTAC study on TI-
201 MPI with a self-combined SPECT/CT system.’
They found higher specificity and accuracy with CTAC
images compared with NAC images at the patient level,
and the difference in diagnostic accuracy was statisti-
cally significant (P = 0.03). The diagnostic accuracy
was significantly higher with the CTAC images because
of increased specificity when evaluating the RCA,
whereas no significant differences were noted between
CTAC and NAC images in the LAD and LCX territo-
ries. The clinical setting of the study by Utsunomiya
et al. was very similar to our study, as we both used the
same radiopharmaceutical and conducted our studies in
an Asian population. However, their SPECT/CT was
self-combined, whereas commercialized hybrid SPECT/
CT is currently used in clinical practice.

Huang et al. evaluated the effect of CTAC on
technetium-99m (Tc-99m) MPI in Chinese subjects,“
and showed that CTAC increased specificity and
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Table 4. Subgroup analyses of (A) gender and (B) body mass index

1591

(A)

Patient base
Sensitivity (95%
Cls)
Specificity
AUC

LAD
Sensitivity
Specificity
AUC

LCX
Sensitivity
Specificity
AUC

RCA
Sensitivity
Specificity
AUC

(B)

Patient base

Sensitivity (95%
Cls)

Specificity
AUC

LAD
Sensitivity
Specificity
AUC

LCX
Sensitivity
Specificity
AUC

RCA
Sensitivity
Specificity
AUC

Men (n = 72) Women (n=30)
P P

CTAC NAC value CTAC NAC value
1.00 (0.90, 1.00) 1.00 (0.90, 1.00) 1.00 0.93 (0.76, 0.99) 0.93 (0.76, 0.99) 1.00
0.61 (0.43, 0.76) 0.37 (0.22, 0.54) 0.004 0.67 (0.30, 0.93) 0.44 (0.14,0.79) 0.50
0.80 (0.72, 0.88) 0.68 (0.61, 0.76) 0.001 0.80 (0.63, 0.97) 0.69 (0.51,0.86) 0.13
0.96 (0.80,1.00) 0.96 (0.80,1.00) 1.00 0.90 (0.70, 0.99) 0.90 (0.70, 0.99) 1.00
0.60 (0.44,0.74) 0.40 (0.26, 0.56) 0.004 0.47 (0.21,0.73) 0.33 (0.12,0.62) 0.50
0.78 (0.70, 0.86) 0.68 (0.60, 0.76) 0.001 0.69 (0.54, 0.83) 0.62 (0.48,0.76) 0.14
0.59 (0.33, 0.82) 0.59(0.33,0.82) 1.00 0.81 (0.54, 0.96) 0.88 (0.62, 0.98) 1.00
0.78 (0.65, 0.88) 0.60 (0.46, 0.73) 0.002 0.70 (0.46, 0.88) 0.55 (0.32,0.77) 0.25
0.69 (0.55, 0.82) 0.59 (0.46, 0.73) <0.001 0.76 (0.61, 0.90) 0.71 (0.57,0.85) 0.40

(n=70) (n = 306)
0.71 (0.44, 0.90) 0.82 (0.57, 0.95) 0.50 0.75 (0.51, 0.91) 0.85 (0.62, 0.97) 0.50
0.68 (0.54, 0.80) 0.45 (0.32, 0.60) <0.001 0.75 (0.48, 0.93) 0.56 (0.30,0.80) 0.25
0.69 (0.56, 0.82) 0.64 (0.52, 0.75) 0.27 0.75 (0.60, 0.90) 0.71 (0.56, 0.86) 0.47
BMI = 27 (n = 38) BMI < 27 (n = 69)

P P

CTAC NAC value CTAC NAC value
0.95 (0.74, 1.00) 0.95 (0.74, 1.00) 1.00 0.98 (0.87, 1.00) 0.98 (0.87, 1.00) 1.00
0.58 (0.34, 0.80) 0.26 (0.09, 0.51) 0.001 0.67 (0.46, 0.83) 0.48 (0.29, 0.68) 0.06

0.76 (0.64, 0.89) 0.61 (0.49, 0.72) 0.001 0.82 (0.73, 0.92) 0.73 (0.63,0.83) 0.015
0.87 (0.60, 0.98) 0.87 (0.60, 0.98) 1.00 0.97 (0.83, 1.00) 0.97 (0.83, 1.00) 1.00
0.48 (0.27, 0.69) 0.22 (0.07, 0.44) 0.031 0.63 (0.46, 0.78) 0.50 (0.33, 0.67) 0.06

0.67 (0.54, 0.81) 0.54 (0.42, 0.67) 0.005 0.80 (0.72, 0.88) 0.73 (0.65,0.82) 0.018
0.38 (0.09, 0.76) 0.38 (0.09, 0.76) 1.00 0.80 (0.59, 0.93) 0.84 (0.64, 0.95) 1.00
0.77 (0.58, 0.90) 0.50 (0.31, 0.69) 0.008 0.75 (0.60, 0.87) 0.64 (0.48, 0.78) 0.06
0.57 (0.38, 0.77) 0.56 (0.36, 0.76) 0.97 0.78 (0.67, 0.88) 0.74 (064, 0.84) 0.24

(n = 37) (n = 68)

0.78 (0.40, 0.97) 0.78 (0.40,0.97) 1.00 0.71 (0.51, 0.87) 0.86 (0.67,0.96) 0.13

0.71 (0.51, 0.87) 0.39(0.21,0.59) 0.004 0.70 (0.53, 0.83) 0.55(0.38,0.71) 0.031
0.75 (0.58, 0.91) 0.59 (0.41, 0.76) <0.001 0.71 (0.60, 0.82) 0.70 (0.60, 0.81) 0.94

AUC Area under receiver operating characteristic curve; CTAC, computed tomography attenuation correction; LAD, left anterior
descending artery; LCX, left circumflex artery; NAC, non-attenuation correction; RCA, right coronary artery
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accuracy at the patient level and increased specificity in
the RCA territory, but decreased specificity in the LAD
territory. In addition, Sharma et al. found that CTAC
tended to increase the AUC of Tc-99m MPI, but without
reaching statistical significance.” Masood et al. analyzed
the effect of CTAC on Tc-99m MPI as interpreted by
four readers,'? and found that AC improved diagnostic
performance. Interestingly, the readers who were prone
to high sensitivity had the greatest gain in normalcy rate,
whereas the reader prone to higher specificity had
improvements in sensitivity and specificity. This sug-
gests that improvement in one diagnostic variable was
not inevitably associated with worsening of other
variables.

Other studies comparing the diagnostic performance
of AC vs. NAC have shown statistically significant
differences between the two while others have not.
However, they have all shown a similar trend of
improved specificity and improved overall diagnostic
performance at the patient level with AC.>%%11:12

Gated vs. AC

In 2004, Johansen et al. reported that additional AC
led to changes in the diagnosis on gated MPL>’
Genovesi et al. compared AC with gated MPI and
showed better diagnostic accuracy with gated MPI in the
whole group, but that AC significantly improved speci-
ficity in identifying RCA stenosis in overweight men,'”
which is consistent with our study. On the other hand,
Benkiran et al. reported that although both CTAC and
gated MPI allowed for significant gains in specificity
and diagnostic accuracy compared with NAC images in
patients with a low prevalence of CAD, gated MPI
provided more significant improvements compared with
CTAC.*® Consequently, Links et al. reported that the
combination of gated MPI and AC was the best option
for analysis.”” However, these studies mainly used Tc-
99m agents. Due to special characteristics of TI-201,
gated MPI in some patients may show poor image
quality, less reliable quantitative assessments, and less
reproducibility. In our study, 15.7% patients lacked
gated information. For patients with both additional
gated and CTAC information, CTAC and gated MPI
showed similar diagnostic performances.

More recently, although cadmium-zinc-telluride
(CZT)-based cameras had better physical performance
and image quality with fewer artificial perfusion defects,
ECG-gated SPECT can be used in routine clinical
practice without increasing tracer dose or acquisition
time.*®*° However, conventional SPECT scanners are
still widely used. To better predict CAD, the usefulness
of CTAC on conventional SPECT, and especially with
T1-201 as the tracer, should be emphasized. In addition,

Journal of Nuclear Cardiology®
September/October 2019

conventional SPECT and CZT-based cameras have
different attenuation artifact patterns,40’4] so that inter-
pretation should be made with caution and additional
AC may be required.

Effect of CTAC

The current study showed a statistically signifi-
cantly better diagnostic performance after CTAC in
LAD and LCX territories. Although there was an
improvement in the AUC after CTAC in the RCA
territory, the difference was not statistically significant,
which may be due to opposing changes in sensitivity and
specificity. Previous studies have shown an improve-
ment in diagnostic performance mostly when detecting
RCA stenosis, and some have even shown a decline in
detecting LAD stenosis.™'' The discordance between
our study and previous studies with regard to the LAD
and RCA territories could be due to lesser sub-diaphrag-
matic uptake in TI-201 studies. In addition, normal
physiological thinning of apical myocardium could
contribute to this error. Apical thinning could be
enhanced after AC, resulting in relatively less AC in
the apical region compared with the rest of the left
ventricular myocardium.’*' Most previous studies have
only interpreted AC images, whereas we interpreted a
combination of CTAC and NAC images together.
Although scatter correction may cause deterioration of
signal-to-noise ratio and reduce specificity, the simulta-
neous use of AC and scatter correction has been reported
to improve the uniformity of myocardial perfusion
uptake and reduce the drawback of over-correction of
the inferior wall.!” Therefore, we used scatter correction
for image reconstruction of TI1-201 SPECT/CT in the
current study.

Gender and Obesity

In the current study, the effect of CTAC was more
significant in men compared with women, which is
consistent with previous studies using CTAC or radionu-
clide AC."""'> A BMI of 27 was used as the cutoff value
to define obesity as this value is used by the MOHW in
Taiwan.>® Although we used a different cutoff value, our
results showed the same trend as in Western countries
which use a BMI of 30 as the cutoff value.”’ Obesity
significantly compromised the diagnostic accuracy of
NAC images in patients with LAD or LCX stenosis in
the current study, and AC was more useful in patients
with a large body surface area or BMI in whom photonic
attenuation was more significant. Gated acquisition with
LV function assessment has been shown to provide
additional functional information which can aid in
differentiating soft tissue attenuation from true perfusion
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defects.'*** Consequently, consistent with the study by
Genovesi et al,'” our study showed that CTAC is likely
to be more useful in men and obese participants,
especially in the RCA territory.

Strengths

This is the first study to evaluate the diagnostic
performance of CTAC MPI with TI-201 as perfusion
radiopharmaceutical with a commercialized hybrid
SPECT/CT scanner. Sample size estimation was done
to ensure sufficient sample size. ROC curve analysis
rather than simple sensitivity and specificity was used to
determine the diagnostic performance.*’ Although TI-
201 is used less frequently in Europe and the US, it is
still commonly used in most Asian countries, including
Taiwan.'* Attenuation artifacts may be more pro-
nounced with this lower energy radiotracer. Scatter
correction may also improve the diagnostic performance
of MPL**> The SPECT/CT system used for MPI in our
study performed spontaneous scatter correction. Our
study also confirmed that single CT is clinically feasible
for AC, with reasonable reductions in both radiation
dose and scan time.

Limitations

This study was a community hospital-based study
and only participants with suspected CAD were referred
for MPI. Verification bias was a problem. Although
patients with mild perfusion defects or equivocal find-
ings may not have received CAG, all of the patients
were clinically followed for at least 2 years. Our results
suggest that CTAC is useful in making a differential
diagnosis of scarred or attenuated myocardium in
equivocal NAC results, and may decrease the usage of
unnecessary CAG. Due to our study design, we were
unable to perform head-to-head comparisons of sensi-
tivity or specificity between NAC and CTAC. Multi-
vessel disease was rather common in our patients, which
may have led to an underestimation of the perfusion
abnormality due to balanced ischemia. MPI can detect
microvascular or diffuse diseases which may be under-
diagnosed by CAG. Intravascular ultrasound or frac-
tional flow reserve was not performed which may partly
explain the discrepancy between MPI and CAG. Blinded
interpretation may have led to an underestimation of the
improvement in accuracy. The gated information was
obtained from NAC data because of default setting.
Patients with arrhythmia or severe motion artifacts may
have compromised the diagnostic performance of T1-201
ECG-gated MPI. However, this represents a real-world
scenario.*® We did not incorporate gated SPECT
parameters with CTAC MPI results which may have
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provided incremental diagnostic value.*’ Few patients
(18 patients) had a BMI above 30, and therefore the
usefulness of CTAC in grade 2 and 3 obesity could not
be established. Finally, this study only demonstrated the
diagnostic performance of MPI; neither treatment
response nor prognosis was evaluated.

CONCLUSION

CTAC MPI showed significant improvements in
specificity and no significant changes in sensitivity for
detecting CAD in patient level, and LAD, LCX stenosis
in vessel level, compared with NAC images. CTAC non-
ECG-gated images showed better sensitivity, similar
specificity, and borderline better overall diagnostic
accuracy comparing with NAC with ECG-gated images.
This study further confirmed greater improvement after
CTAC in obese patients and male patients, especially for
RCA disease. These findings suggest that CTAC should
be routinely applied to T1-201 MPI when diagnosing
CAD.

NEW KNOWLEDGE GAINED

Additional CTAC improved diagnostic certainty of
T1-201 MPI, especially with regard to specificity.
Simultaneous CTAC and NAC image acquisition should
be applied routinely if available, or at least in male and
obese patients. Interpretation of CTAC and NAC images
combined together can lead to more accurate results and
appropriate treatment plans.
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