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Abstract

Background : Stress lung thallium-201 uptake is a marker for high-risk coronary artery disease (CAD)
when using a conventional Anger camera. To our knowledge, no other study has investigated whether stress lung
thallium-201 uptake when using a cadmium-zinc-telluride (CZT) camera offers increased diagnostic value over
standard myocardial perfusion analysis in detecting high-risk CAD as defined by the Duke CAD Prognostic Index.

Methods : One-hundred ninety-seven consecutive patients underwent stress thallium-201 SPECT followed
by coronary angiography within 3 months. The cut-off point for high-risk CAD was 42 on the Duke CAD Prog-
nostic Index. On reconstructed coronal tomographic images, regions of interest were placed over the left middle
lung field and left ventricular myocardium. The ratio of lung-to-heart thallium-201 uptake after stress (stress L/
H-ratio) was calculated as a fraction of thallium-201 counts per pixel in the lung divided by that in the myocar-
dium.

Results : Examination of 86 patients with high-risk CAD revealed a summed difference score (SDS) of > 10
and stress L/H-ratio of > 0.33, with sensitivities of 67% and 76%, and specificities of 81% and 63%, respectively.
Multivariate analysis revealed that the combination of age > 70, SDS > 10, and stress L/H-ratio > 0.33 identified
high-risk CAD (sensitivity, 78% ; specificity, 73% ; chi-square, 81) better than the combination of age and SDS
only (sensitivity, 67% ; specificity, 81% ; chi-square, 66).

Conclusion : Stress L/H-ratio analysis with conventional perfusion analysis better identifies high-risk CAD

on the Duke CAD Prognostic Index, even with the CZT camera.

Introduction

Myocardial perfusion imaging (MPI) by single-photon
emission computed tomography (SPECT) is widely used
in clinical practice not only for diagnosing the presence
or absence of coronary artery disease (CAD), but also for
evaluating disease severity". A new-generation SPECT
system incorporating semiconductor cadmium-zinc-tel-
luride (CZT) detector technology has recently been
developed. This new system provides superior image

quality, reduced acquisition times, and lower radiotracer
doses than the conventional Anger camera®>. Lung
thallium-201 uptake after stress is a well-known marker
for severe and extensive CAD with the conventional
Anger camera system®'?.  To our knowledge, however,
no study to date has investigated whether lung thal-
lium-201 uptake with the new CZT camera offers
increased diagnostic value over standard myocardial per-
fusion analysis in detecting high-risk CAD. Therefore,
the purpose of this study was to retrospectively investi-
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gate whether lung thallium-201 uptake with the CZT
camera offers increased diagnostic value over standard
myocardial perfusion analysis in detecting high-risk
CAD as defined by the Duke CAD Prognostic Index.

Methods

Study Patients

A total of 197 consecutive patients (161 men and 36
women ; mean age 69+10 yr) were enrolled in the study
between November 2011 and August 2014.  All patients
had either suspected or known CAD based on clinical
symptoms, coronary risk profiles, electrocardiographic
findings, or past medical history ; all patients also under-
went stress thallium-201 SPECT using the new CZT
camera system and coronary angiography within 3
months thereafter. Previous myocardial infarction had
occurred in 44 of these patients. The exclusion criteria
were as follows : acute myocardial infarction ; unstable
angina ; acute heart failure within 1 month before the
study ; previous coronary artery bypass grafting ; mod-
erate or severe valvular heart disease ; hemodialysis ;
chronic obstructive pulmonary disease ; and non-isch-
emic cardiomyopathy. Written informed consent for
invasive coronary angiography was obtained from all
participants. This retrospective study was approved by
the Ethics Committee of Tokyo Medical University (No.
3438).

Stress myocardial perfusion imaging

The study protocol for stress MPI is shown in Fig. 1.
Exercise MPI with thallium-201 was performed in 70
patients using a 1-day protocol. Symptom-limited,
multi-step exercise using a bicycle ergometer was per-
formed'¥. Thallium-201 (74 MBq) was given at 85%
of the age-adjusted predicted maximum heart rate (target
heart rate), or when chest pain, ST-segment depression
> 0.1 mV, or leg fatigue developed. Exercise was then
continued for 1 min at the same exercise level. Imme-
diately after this last exercise session, ECG-gated SPECT
was acquired. Four hours later, thallium-201 ECG-
gated SPECT at rest was also obtained. Adenosine tri-
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phosphate (ATP) loading stress MPI was performed in
127 patients'¥. Cardioactive medications were with-
drawn 24 hr before the SPECT study. Patients were
also requested not to drink any beverage containing caf-
feine for at least 12 hr before the test. Adenosine tri-
phosphate disodium (0.16 mg-kg "“min™') was given
intravenously for 5 min followed by intravenous thal-
lium-201 (74 MBq) 3 min later. Image acquisition was
started immediately after stress application. Thal-
lium-201 ECG-gated SPECT images at rest were
acquired 4 hr later.

Data were acquired in a list mode using the CZT cam-
era (Discovery NM530c; GE Healthcare, Haifa,
Israel)'®. This SPECT system is equipped with a multi-
ple-pinhole collimator and 19 stationary CZT detectors
that simultaneously focus on the heart. The CZT pixels
are 2.46 x 2.46 mm in size and each detector contains 32
x 32-pixel S-mm-thick elements. The stationary array
simultaneously acquires all the views necessary for
tomographic reconstruction'”.
performed in the supine and prone positions after stress
for 5 min and 3 min, respectively, and in the supine posi-
tion at rest for 10 min. For prone position imaging, the
patients lie prone on the table while the detectors are
rotated underneath it. Interpretation of the inferior wall
was assisted by this prone position imaging, which can
decrease the frequency of attenuation artifacts in the infe-
rior wall'®.

A workstation (Xeleris ; GE Healthcare) incorporating
a new dedicated iterative algorithm with integrated colli-
mator geometric modeling was used for reconstruction of
the SPECT images. This modeling involved maximum
penalized likelihood iterative reconstruction to obtain
perfusion images in the standard axes'”*”. For both
stress and rest image reconstruction, 70 iterations were
used. A Butterworth filter (order 15; cut-off fre-
quency, 0.28 cycles/cm) was applied to the reconstructed
slices. When obtaining ECG-gated images, the R-R
interval was divided into 8 equal portions by the R wave

Image acquisition was

trigger. Each reconstructed short-axis thallium-201
Supine Prone Supine
5 min 3 min 10 min

240 min
S

Fig. 1 Study protocol of stress myocardial perfusion imaging.
ATP : adenosine triphosphate
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ECG-gated SPECT image was processed and left ven-
tricular (LV) functional parameters (LV end-diastolic
volume, LV end-systolic volume, and LV ejection frac-
tion) automatically obtained using a quantitative gated
SPECT program as described by Germano et al*’.  Of
197 patients, 191 (96%) showed sinus rhythm during
image acquisition. No scatter or attenuation corrections
were made.

In accordance with a previously reported method, each
SPECT image was divided into 17 segments®. The
radiopharmaceutical accumulation in the myocardium
was visually evaluated by 2 cardiologists who were
blinded to the clinical data. A 5-grade scale was used :
0, normal ; 1, slight reduction in uptake ; 2, moderate
reduction in uptake ; 3, severe reduction in uptake ; or 4,
absence of radioactive uptake.
for all the segments during exercise and at rest was
termed the summed stress score (SSS) and summed rest
score (SRS), respectively. The SSS minus the SRS was
defined as the summed difference score (SDS)*. Dis-
agreements in image interpretation were resolved by con-

The sum of the scores

sensus. To adequately secure the position of the lung
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using the CZT camera, a pilot study was performed to
identify the location of the heart and lung by fusing
images acquired from 10 patients who underwent both
coronal imaging using the CZT camera and chest com-
puted tomography (Fig. 2). These patients comprised 6
men and 4 women, and their mean age, height, body
weight, and body mass index were 75 + 10 years, 161.8
+ 8.0 cm, 58.4 + 8.6 kg and 22.2 £ 1.9, respectively.
The LV end-diastolic volume, LV end-systolic volume,
and LV ejection fraction at stress using quantitative gated
SPECT software were 69 = 19 ml, 28 + 15 ml, and 57 +
12%, respectively. The results showed that the left mid-
dle lung field was located along the upper right diagonal
of the heart on the coronal image. The region of inter-
est (ROI) was subsequently placed over the left middle
lung field. Lung thallium-201 activity was measured
by placing a 5.0 x 5.0-pixel ROI over the left middle
lung field, while LV myocardium activity was measured
by a ROI drawn around the entire LV myocardium (Fig.
3). The ratio of lung-to-heart thallium-201 uptake (L/
H-ratio) after stress was calculated as a fraction of thal-
lium-201 counts per pixel in the lung divided by that in

Lung ROI
Heart ROI

Fig. 2 To adequately secure position of lung using CZT camera, pilot study was conducted to identify location of heart and lung by

fusing images acquired from 10 patients who underwent both coronal imaging using CZT camera and chest computed tomog-

raphy. Lung ROI: regions of interest of lung. Heart ROI : regions of interest of heart.

Stress

Lung ROI
Heart ROI

Fig.3 On reconstructed coronal tomographic image, regions of interest were placed over left middle lung field and left ventricular

myocardium. Ratio of lung-to-heart thallium-201 uptake after stress (stress L/H-ratio) was calculated as fraction of thal-

lium-201 counts per pixel in lung divided by that in myocardium. Lung ROI: regions of interest of lung.

ROI : regions of interest of heart.

Heart
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the myocardium.

Coronary angiography

Multidirectional coronary angiography was performed
using the Judkins’ method within 3 months of the scinti-
graphic study in all patients. The degree of coronary
artery stenosis was visually rated according to the criteria
of the American Heart Association®”.  Significant steno-
sis was considered to be present when > 75% narrowing
of the diameter was observed.

The severity of CAD was assessed using the Duke
Prognostic Index. This index considers both the num-
ber of diseased vessels (1-, 2-, and 3-vessel disease, as
well as left main trunk disease) and the involvement of
the left anterior descending coronary artery, particularly
in cases of proximal involvement and severe stenosis
(i.e., > 95%). The index comprised 16 angiographic
subsets that were assigned prognostic weights of from 0
to 100. Severe CAD was defined as CAD with a prog-
nostic weight of > 42 on the CAD Prognostic Severity
Index*?%.

Statistical analysis

The results are expressed as the mean = SD. A Stu-
dent’s #-test was used to compare the means of continu-
ous variables, and contingency tables were analyzed
using the ¥ test. Receiver-operating characteristic
(ROC) curves were analyzed to determine the optimal
cut-offs for SSS, SDS, and stress L/H-ratio.  Sensitivity
and specificity for each of these cut-offs were calculated
using standard formulas. Univariate analysis was con-
ducted with the logistic regression method, while step-
wise multivariate analysis was conducted with the multi-
ple logistic regression method using statistically
significant variables obtained from the univariate analy-
sis. Linear discriminant analysis was performed with
stepwise variable selection with Wilks’ lambda (the ratio
of the within-groups sum of squares to the total sum of
squares) to assess the potential to correctly identify high-
risk CAD using independent variables on multivariate
analysis. A Bayes rule with equal prior probability was
used for identification, and the results are presented as
sensitivity, specificity, and accuracy. A p value of < 0.05
was considered to represent a statistically significant dif-
ference. The statistical computations were performed
using SPSS 24 (IBM Corp., Armonk, NY, USA) and
MedCalc 16.4.3 (MedCalc Software, Mariakerke, Bel-
gium).

Results

Patient characteristics

The clinical characteristics of the patients, including
medication at the time of the study, are summarized in
Table 1. All patients underwent coronary angiography :
1-vessel CAD was found in 54 patients, 2-vessel CAD in
45, 3-vessel CAG in 43, and insignificant lesions in the
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remaining 55. Fourteen patients, 1 with 2-vessel CAD
and 13 with 3-vessel CAD, also had significant stenosis
in the left main trunk. The average Duke Prognostic
CAD Index score was 34 + 24 (0 to 82). Among the
197 patients, 86 (44%) had high-risk CAD as defined by
the previous definition®. Eighty-six patients with
high-risk CAD were older (72 + 8 yrvs. 67+ 10yr; p=
0.001) and had a higher prevalence of hypertension (88%
vs. 77% ; p = 0.047) and diabetes mellitus (51% vs.
31% ; p = 0.003) than the 111 without high-risk CAD,
while the prevalence of the remaining coronary risk fac-
tors was similar.

Myocardial perfusion imaging

In patients with high-risk CAD, the SSS (19.3 = 9.0
vs. 11.7+7.7; p<0.0001) and SDS (12.2 + 6.6 vs. 5.6
+ 5.4; p <0.0001) were greater than those in patients
without high-risk CAD, whereas the SRS, LV end-dia-
stolic volume, end-systolic volume, and ejection fraction
after stress and at rest were similar (Table 1). The stress
L/H-ratio (0.37 = 0.06 vs. 0.31 £ 0.06 ; p <0.0001) was
significantly greater in patients with high-risk CAD than
in those without.

Univariate analysis for detection of high-risk CAD

An ROC curve analysis was performed to detect high-
risk CAD using myocardial perfusion analysis. The
cut-off points for high-risk CAD were > 13 for SSS,
> 10 for SDS, and > 0.33 for stress L/H-ratio (Fig.
4). In addition, the optimal cut-off points for the stress
L/H-ratio to detect high-risk CAD were the same for the
70 patients who underwent exercise stress and the 127
patients who were evaluated with ATP loading. The
respective sensitivities, specificities, and accuracies in
the detection of high-risk CAD were 78%, 66% and 71%
with SSS, 67%, 81%, and 75% with SDS, and 76%, 63%
and 69% with the stress L/H-ratio, respectively (Table 2).

Multivariate analysis for detection of high-risk

CAD

Logistic regression analysis was performed to detect
high-risk CAD by entering 6 variables that were statisti-
cally significant on univariate analysis (Table 3). This
revealed that age, SDS, and stress L/H-ratio were inde-
pendent variables. In the multivariate analysis, age
> 70 yr and SDS > 10 were significantly associated with
high-risk CAD. Linear discriminant analysis using age
and myocardial perfusion yielded 67% sensitivity, 81%
specificity, and 75% accuracy (global ¥*> = 66 ; Fig.
5). Discriminant analysis using age, myocardial perfu-
sion, and the stress L/H-ratio, which were statistically
significant on multivariate analysis, was repeated. The
results showed that the combination of age > 70, SDS
> 10, and stress L/H-ratio > 0.33 best identified high-risk
CAD, with a sensitivity of 78%, specificity of 73%, and
accuracy of 75% (global x> = 81 ; Fig. 5).

(4)
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Table 1 Comparison of clinical characteristics between patients with and without high-risk CAD

- + - B
High (r;sl: ggD ) ngh(zls:l( 1C11?)D =) p-value

Age (years) 72+£8 67+ 10 0.001
Men (%) 73 (85) 88 (79) NS
Body mass index 24.6+33 243+43 NS
Hypertension (%) 76 (88) 86 (77) 0.047
Dyslipidemia (%) 73 (85) 82 (74) NS
Diabetes mellitus (%) 44 (51) 34 (31) 0.003
Smoking (%) 56 (55) 69 (62) NS
Prior MI (%) 18 (21) 26 (23) NS
Prior PCI (%) 26 (30) 46 (41) NS
Prior CABG 0 0 NS
AF (%) 4(5) 2(2) NS
Myocardial perfusion

SSS 19.3+£9.0 11.7+7.7 <0.0001

SRS 7171 6.1+6.9 NS

SDS 122+6.6 5.6+5.4 <0.0001
LV function after stress

EDV (ml) 81+32 82 +28 NS

ESV (ml) 37+£27 36+23 NS

EF (%) 58+ 13 59+ 12 NS
LV function at rest

EDV (ml) 74+ 30 80 +30 NS

ESV (ml) 35+£26 36 +25 NS

EF (%) 59+13 59+ 12 NS
stress L/H-ratio 0.37 +0.06 0.31 +0.06 <0.0001

Data given as mean + SD or n (%)

MI : myocardial infarction ; PCI : percutaneous coronary intervention ; CABG : coronary artery bypass
grafting ; AF : atrial fibrillation ; CAD : coronary artery disease ; SSS: summed stress score ; SRS :
summed rest score ; SDS : summed difference score ; LV : left ventricular ; EDV : end-diastolic vol-
ume ; ESV: end-systolic volume ; EF : ejection fraction ; stress L/H-ratio : ratio of lung-to-heart thal-
lium-201 uptake after stress
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Fig. 4 (A) Cut-off points for perfusion parameters and stress L/H-ratio to detect high-risk coronary artery disease (CAD). Cut-off
points for high-risk CAD were defined as summed stress score of > 13 (area under curve [AUC = 0.75]), summed difference
score of > 10 (AUC = 0.79), and stress L/H-ratio of > 0.33 (AUC = 0.71). Stress L/H-ratio : ratio of lung-to-heart thal-
lium-201 uptake after stress.

sis in the detection of high-risk CAD. Extensive and

Discussion . : .
severe myocardial perfusion abnormalities as represented
To the best of our knowledge, this is the first study to by summed scores are well-established scintigraphic
investigate whether increased stress lung thallium-201 markers for high-risk CAD?*®. Indeed, an SDS of
uptake using the new CZT camera system offers > 10 and SSS of > 13 were significantly associated with
increased diagnostic value over conventional MPI analy- high-risk CAD in the present study. Multivariate analy-
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Table 2 Diagnostic value of each scintigraphic parameter for high-risk CAD

Sensitivity (%) Specificity (%) Accuracy (%)
SSS>13 78 66 77
SDS > 10 67 81 75
stress L/H-ratio > 0.33 76 63 69

CAD : coronary artery disease ; SSS: summed stress score ; SDS : summed difference score ;
stress L/H-ratio : ratio of lung-to-heart thallium-201 uptake after stress

Table 3 Univariate and multivariate analysis for detection of high-risk CAD

Univariate Analysis Multivariate Analysis
Variable

OR (95% CI) p-value OR (95% CI) p-value
Age>70 2.9(1.6-5.3) <0.0001 4.1 (1.9-8.8) 0.003
Male 0.7 (0.3-1.4) NS
Hypertension 2.2(1.0-4.9) 0.047 1.7 (0.6-4.5) 0.32
Dyslipidemia 2.0 (1.0-4.1) NS
Diabetic mellitus 2.4(1.3-4.3) 0.003 1.8 (0.9-3.6) 0.12
Smoking 1.1 (0.6-2.0) NS
Prior PCI 0.6 (0.3-1.1) NS
SSS>13 6.8 (3.6-12.9) <0.0001 2.1(0.8-5.5) 0.11
SDS > 10 8.9 (4.6-17.1) <0.0001 4.2 (1.6-10.7) 0.0027
stress L/H-ratio > 0.33 5.2 (2.8-9.9) <0.0001 3.7 (1.8-7.8) 0.0005

PCI : percutaneous coronary intervention ; SSS

: summed stress score ; SDS : summed difference

score ; stress L/H-ratio : ratio of lung-to-heart thallium-201 uptake after stress
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[]Specificity
[l Accuracy
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Fig.5 (A) Comparison of diagnostic value of addition of stress L/H-ratio in detection of high-risk CAD. Stress L/H-ratio : ratio

of lung-to-heart thallium-201 uptake after stress.

(B) Improved diagnostic value with addition of stress L/H ratio to age + perfusion analysis in detection of high-risk CAD.

sis showed that the combination of the stress L/H-ratio,
age, and myocardial perfusion abnormalities best identi-
fied patients with high-risk CAD, with a higher sensitiv-
ity of 78% and a lower specificity of 73% than age and

perfusion alone, which showed 67% sensitivity and 81%
specificity.  Stress lung thallium-201 uptake on myocar-
dial SPECT was observed to improve sensitivity and
diagnostic value considerably (global %* : 81 vs. 66) over

(6)



July, 2017

clinical and perfusion variables without lung thal-
lium-201 uptake in the detection of high-risk CAD.
While previous studies using an Anger camera reported
the usefulness of increased lung thallium-201 uptake on
stress MPI in detecting extensive CAD®®'", the present
study showed that stress lung thallium-201 uptake
yielded increased diagnostic value with the new CZT
camera system.

Many previous studies using Anger cameras have
reported the diagnostic and prognostic value of increased
lung thallium-201 uptake on MPI in patients with
CAD*™.  Most of these studies evaluated planar images
in which adequate placement of an ROI in the myocar-
dium and lung was not difficult. By contrast, heart
imaging is obtained and created using a plurality of pin-
hole collimators focused on the heart and 19 fixed CZT
detectors in the CZT camera. Therefore, unlike with an
Anger camera, it is difficult to create a planar image with
a CZT camera. For this reason, here, a new method was
used in which the coronal image was reconstructed using
the CZT camera. Prior to the start of the current study,
the location of the heart and the left middle lung field
was assessed with the CZT camera using fusion imaging
with myocardial SPECT and chest computed tomogra-
phy.

In previous studies using Anger cameras, the stress L/
H-ratio cut-off point was defined as 0.50%*3?. In the
present study, the optimal cut-off point for high-risk
CAD was defined as 0.33 using the CZT camera.
Although lung thallium-201 uptake tended to be lower
with pharmacological stress than with exercise stress in
previous studies®”** ¥, the cut-off point for high-risk
CAD with pharmacological stress was equivalent to that
with exercise stress in the present study. The difference
in cut-off points between this and previous studies was,
however, unsurprising as different methods were used.

Several underlying mechanisms for increased lung
thallium-201 uptake after stress have been proposed. In
exercise stress MPI, the mechanisms of abnormal thal-
lium-201 uptake were believed to be due to elevated pul-
monary capillary wedge pressure secondary to stress-
induced ischemia®”*®. In pharmacologic stress MPI,
coronary steal phenomenon due to pharmacological
vasodilator action results in ischemic LV dysfunction.
Thus, rising LV filling pressure and pulmonary capillary
pressure caused abnormal lung thallium-201 uptake®*®.

Traditionally, left main, 3-vessel, or multi-vessel CAD
is regarded as a high-risk CAD subset. However,
1-vessel CAD with severe stenosis of the proximal left
anterior descending artery is not considered to be a high-
risk group according to conventional classification. To
overcome this, the Duke Prognostic Index was devel-
oped, and this was the index applied in the current study.
Based on this index, most patients in the high-risk group
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had significant stenosis of the left main trunk or severe
stenosis of the proximal left anterior descending artery,
regardless of the number of diseased vessels.  This
approach is relevant to clinical practice, where decision-
making that leads to better patient prognosis—rather than
simply diagnosing coronary artery disease—is the most
important.

In general, MPI is often unsuccessful in detecting
high-risk CAD such as when it is multi-vessel because
scintigraphic interpretation relies on spatially relative
perfusion defect analysis. Thus, uniform global hypo-
perfusion due to a reduction in the balance of myocardial
blood flow may result in a decrease in summed scores,
which may then lead to underestimation of the potential
for high-risk CAD and decreased sensitivity. In con-
trast to MPI, however, stress lung thallium-201 uptake
analysis based on CZT SPECT is independent of the
shortcomings of relative perfusion defect analysis, which
allows it to reveal the absolute values of stress lung thal-
lum-201 uptake. Therefore, the addition of lung thal-
lium-201 uptake analysis further increases sensitivity in
identifying groups at high-risk of CAD. However,
patients with LV dysfunction such as old myocardial
infarction may have an increased L/H ratio and care must
therefore be taken in such cases.

Study Limitations

In the present study, the degree of coronary artery ste-
nosis was visually rated according to the criteria of the
American Heart Association’”. Therefore, it was diffi-
cult to determine whether the lesion was true or false in
cases of an intermediate coronary lesion. This indicates
that intermediate lesions should be evaluated using frac-
tional flow reserve’”.

Another limitation is that the current study was per-
formed retrospectively at a single institution. There-
fore, further prospective study including multiple centers
is necessary.

Conclusion

Including an analysis of the stress L/H-ratio in con-
ventional perfusion analysis may help better identify
patients at high risk of CAD, even with the CZT camera
system.

Conflict of Interest : The authors declare no conflict
of interest.
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