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atients with type 2 diabetes mellitus (DM) have a 
higher risk of cardiovascular events and death than 
those without the disease.1–6 Coronary artery disease 

(CAD) in diabetic patients is frequently silent.7–9 To maxi-
mize the effective treatment of cardiovascular disease in 
patients with DM, it is important to objectively identify CAD 
in asymptomatic subjects in a noninvasive way as early as 
possible.4–6 Risk stratification is essential for the develop-
ment of evidence-based strategies for improved patient care 
for those with DM.5,6

The evaluation of known or suspected CAD using ECG-
gated myocardial perfusion single-photon emission computed 

tomography (SPECT) imaging has been established for diag-
nosis and risk assessment by many precedent studies.10–14 
The Japanese Assessment of Cardiac Events and Survival 
Studies by quantitative gated SPECT (J-ACCESS) is the first 
large-scale prognostic study using myocardial perfusion 
imaging (MPI) of an Asian population.15–17 Cardiac event 
rates associated with normal or low-risk myocardial perfusion 
SPECT imaging with 99 mTc-tetrofosmin have been shown.17 
Following the J-ACCESS study, J-ACCESS-2 began focus-
ing on DM.18 In general, patients with normal SPECT images 
have a lower risk of death and hard cardiac events, whereas 
in those with abnormal MPI, the mortality and hard cardiac 
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Background:  This study was designed to determine the clinical risk for hard events after normal single-photon 
emission computed tomography (SPECT) and to identify the predictors of increased risk in asymptomatic patients 
with diabetes mellitus, based on a Japanese Assessment of Cardiac Events and Survival Studies by quantitative 
gated SPECT (J-ACCESS)-2 study.

Methods and Results:  A total of 513 consecutive asymptomatic patients who underwent stress 99 mTc-tetro-
fosmin SPECT in Japan were included in this study. Based on SPECT image and QGS data, 319 had a summed 
stress score ≤3, a summed difference score <2 and normal cardiac function (end-systolic volume ≤60 ml, males, 
≤40 ml, females; left ventricular ejection fraction ≥49%, males, ≥50%, females). Myocardial perfusion was normal 
in 62% of this study population. During a 3-year follow-up, there were a total of 8 cardiac major events (2.5%): 
2 cases of sudden death, 5 of acute coronary syndrome, and 1 of hospitalization because of congestive heart 
failure. The annual major event rate was 0.8%. Subjects undergoing coronary angiography had significantly more 
major events than those who did not among normal SPECT subjects (P=0.01). Kaplan-Meier analysis showed 
that the cardiac major events rate was very low, and subjects with normal SPECT can be considered as low risk 
among asymptomatic patients with diabetes.

Conclusions:  An  excellent  prognosis  was  associated  with  a  normal  SPECT  in  asymptomatic  patients  with 
diabetes, so these patients can be exempted from further invasive procedure.    (Circ J  2010; 74: 1916 – 1921)
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event rates become significantly higher.15,17,19 J-ACCESS-2 
showed that an abnormal perfusion study indicated more 
cardiovascular events in asymptomatic diabetic patients.19

We hypothesized that a normal MPI study in diabetic 
patients would have prognostic value for predicting a low 
rate of cardiovascular events. Based on the database of the 
J-ACCESS-2, the present study was designed to assess clini-
cal risk for major and all cardiovascular events in diabetic 
patients with normal SPECT images as a subanalysis of the 
J-ACCESS-2.

Methods
Participating Facilities and Patients
The J-ACCESS-2 prognostic registry was a prognostic cohort 
study involving 513 patients from 50 institutions.18 The 
registration period was from June 2004 to September 2005. 
All institutions employed certified physicians for exami-
nation of DM, and the patients could participate in a 3-year 
follow-up after registration. The inclusion criteria were pa-
tients with type 2 diabetes, ≥50 years of age, who had either a 
maximal carotid artery intima – media thickness (max. IMT) 
≥1.1 mm by ultrasonography or a urinary albumin excretion 
rate ≥30 mg/g creatinine, or patients who satisfied at least 2 
of the following 4 conditions: abdominal obesity (body mass 
index ≥25 and waist circumference ≥85 cm for men, and ≥90 
for women), hypo-high-density lipoprotein-cholesterolemia 
(<40 mg/dl); hypertriglyceridemia (≥150 mg/dl), and hyper-
tension (blood pressure ≥130/85 mmHg). Exclusion criteria 
were patients with myocardial infarction (MI), unstable  
angina pectoris or effort angina. Also excluded were patients 
with hemoglobin A1c ≥10% or evidence of nephropathy 
(serum creatinine ≥1.5 mg/dl) within 1 month before enroll-
ment. Patients with valvular heart disease, idiopathic car-
diomyopathy, severe arrhythmia (such as arterial fibrilla-
tion), or heart failure with class III or higher New York Heart 
Association (NYHA) functional classification, or arterioscle-
rosis obliterans were also excluded from the study. A total of 
83% of the subjects were medically treated, and the remain-
ing patients were controlled by diet, exercise, etc at the time 
of registration.

The study group consisted of 513 asymptomatic patients 
(males, 58%; mean age, 67±8 years) with DM (100%). The 
most frequent complication was hypertension (82%), fol-
lowed by dyslipidemia (80%).

The following conditions were imposed upon facilities 
wishing to participate in the J-ACCESS study:18 stress and 
rest myocardial perfusion SPECT using 99 mTc-tetrofosmin 
and quantitative gated SPECT (QGS software, Cedars Sinai 
Medical Center, Los Angeles, CA, USA) analysis and follow-
up surveys for 3 years after registration. The investigators 
were asked to comply with the Declaration of Helsinki, and 
their institutional review boards were asked to approve their 
participation in the study in principle, and to receive the 
written informed consent of all the patients to participate in 
the survey.18

SPECT Imaging
Stress 99 mTc-tetrofosmin imaging was performed in each insti-
tution. A 1-day protocol was used in 94% of the institutions, 
and a 2-day protocol was used in the remainder. The proto-
col of the stress scans was the method routinely used at each 
facility; that is, the exercise equipment, or the pharmaceu-
tical and their administration method to induce stress was 
not particularly regulated. Exercise, dipyridamole (0.15 mg ·  

kg–1 · min–1 × 4 min), adenosine (0.12 mg · kg–1 · min–1 × 6 min) 
and adenosine triphosphate (0.16 mg · kg–1 · min–1 × 5 min) were 
performed in 72%, 16, 6% and 6% of the institutions, respec-
tively.

In patients who underwent sign- and symptom-limited ex-
ercise testing, heart rates were continuously monitored with 
12-lead ECG. Patients were encouraged to reach 85% of the 
maximal age-predicted heart rate or more.

Patient Background Data
Age, sex, height, weight, subjective symptoms, history of 
present illness, medical history, risk factors, obesity and treat-
ment before SPECT examination, including revasculariza-
tion and medications, were surveyed.

Follow-up Survey
The occurrence and nature of cardiac events were inves-
tigated at 1, 2, and 3 years after registration.18 All cardiac 
deaths and nonfatal acute coronary syndrome, as well as  
severe heart failure requiring hospitalization, were defined 
as major cardiovascular events. Total events further included 
percutaneous coronary intervention (PCI), coronary artery 
bypass grafting (CABG), de novo stable angina, unstable 
angina, transient ischemic attack of the brain, stroke and  
arteriosclerosis obliterans. Among 513 subjects, 506 (98.6%) 
completed the 3 years of follow-up; 7 subjects were ex-
cluded because they were unable to be followed or were  
unwilling to cooperate.

SPECT Image Interpretation
Each hospital used the same semiquantitative scoring system 
for image interpretation. Each of the 20 segments was scored 
according to a 5-point scheme to provide a systematic and 
reproducible method of scan interpretation. The 20-segment 
scoring system used 3 short-axis slices (apical, mid, and basal) 
of the left ventricle, with the apex represented by 2 segments 
visualized on the midvertical long-axis image.17,20,21 Each 
segment was scored as follows: 0 = normal, 1= slight reduc-
tion of uptake, 2 = moderate reduction of uptake, 3 = severe 
reduction of uptake, and 4 = absence of radiotracer uptake. 
For each stress image, the segmental scores were summed  
to derive the summed stress score (SSS). For this analysis, 
all patients had a low-risk SPECT scan that was defined as  
a normal SSS of ≤3.17 The left ventricular ejection fraction 
(LVEF, %), end-diastolic volume (EDV, ml), and end-systolic 
volume (ESV, ml) were obtained from the QGS analysis.

Resting gated SPECT was quantitatively analyzed with 
QGS software at each institution. For data analysis, the QGS 
program was applied to process short-axis tomograms to de-
termine LVEF and ESV, EDV.17,20,21 The reproducibility of 
LVEF and volumes within each work station was validated,22 
even though the gated SPECT preferences varied. Manual 
adjustment was performed if automatic edge tracing was  
inappropriate. Normal limits for gated SPECT and QGS soft-
ware were determined based on the J-ACCESS database.17,20 
For this study, we defined ESV in the normal range when it 
was ≥60 ml in males, or when it was ≥40 ml in females. We 
therefore defined gated SPECT images as normal when LVEF 
in males was ≥49%, or ≥55 in females.17,20

Data Analysis and Statistics
The mean, standard deviation (SD) was calculated in each 
group. Differences between clinical status and cardiac events 
were compared by chi-square test.

We used the Wilcoxon rank sum test to compare results 
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from patients with and without cardiac events and the chi-
square test to categorical data. Descriptive statistics were 
calculated for each prognostic variable. Further estimation 
of risk was performed using Cox proportional hazard models 
to determine the independent predictors of cardiac events. 
The probability of survival was calculated with the Kaplan-
Meier method. A P-value <0.05 was considered significant.

Results
Of the 513 registered patients in the J-ACCESS-2 study, 319 
were defined as normal, and had a SSS ≤3, a summed differ-
ence score (SDS) <2, normal cardiac function (ESV ≤60%, 
males, ≤40%, females; LVEF ≥49%, males, ≥50%, females). 

Table 1 shows the number of subjects who met the criteria 
for normal. There were 425 subjects who showed a SDS <2. 
QGS functional data revealed 500 subjects were defined as 
normal based on criteria of ESV ≤60 ml in males and ESV 
≤40 ml in females. In addition, 491 subjects were found to be 
normal based on the criterion of LVEF ≥49% in males and 
≥55% in females. Myocardial perfusion was normal in 62% 
of this study population.

Definite ECG abnormalities were observed in 22 subjects, 
including right bundle-branch block (8), left ventricular hyper-
trophy (7), negative T wave (6), and ventricular premature 
complex (1).

Among 319 normal subjects, 248 performed exercise stress 
testing and of them 222 (90%) achieved the target heart rate.

Major Cardiovascular Events and All Events
Among the 319 subjects who met all the normal criteria in 
terms of major cardiovascular events, there were a total of  
8 cardiac major events (2.5%) during the 3-year follow-up:  
2 cases of sudden death, 5 of acute coronary syndrome, and 
1 of hospitalization because of congestive heart failure. 

Table 1. Number of Subjects Who Met the Normal Criteria

n

Total subjects 513

SSS <4 364

SDS <2 425

Normal ESV 500

Normal LVEF 491

Subjects who meet all criteria 319

Subjects who meet all criteria have SSS <– 3, normal ESV, normal 
LVEF.
Normal  criteria:  ESV <– 60 ml  in  males,  ESV <– 40 ml  in  females; 
LVEF >– 49% in males, LVEF >– 55% in females.
SSS, summed stress score; SDS, summed difference score; ESV, 
end-systolic volume; LVEF, left ventricular ejection fraction.

Table 2. Major Cardiovascular Events During 3-Year Follow-up

Major event Cardiac death Sudden death ACS HF

1st year 0 1 2 0

2nd year 0 1 3 0

3rd year 0 0 0 1

ACS, acute coronary syndrome; HF, heart failure.

Figure.  Kaplan-Meier survival curves 
for major cardiovascular events (A) and 
all events (B) after normal cardiac scin-
tigraphy in patients with diabetes (n= 
319).
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Table 2 summarizes the types of major events that occurred 
during the 3-year follow-up. The major cardiovascular event 
rate during the follow-up period in patients with normal SSS, 
ESV and LVEF was 2.5%, and the major cardiovascular event 
rate during the 3-year follow up period in patients with only 
a normal SSS was 2.9%. There were no significant statistical 
differences in the cardiovascular event rate between normal 
SSS, and normal SSS, ESV and LVEF (P = NS). The annual 
major event rate in patients with normal SPECT who met all 
criteria was 0.8%. Subjects undergoing CAG had significantly 
more major events than those who did not (P=0.01).

There were 10 subjects who underwent CAG and 7 had 
positive ECG results on their examination. When the back-
grounds of the patients who underwent CAG were studied,  
9 out of 10 had hypertension (90%), and 9 of 10 had dyslip-
idemia (90%).

In total, 5 patients died of non-cardiac reasons, 2 under-
went PCI, 6 had de novo stable angina, 1 had a transient 
ischemic attack of the brain, 11 had a stroke and 3 had arte-
riosclerosis obliterans.

In 248 patients with exercise stress, there were 6 in the 
major cardiovascular events group (2.4%) and 26 in the  
all events group (10.5%) during the 3-year follow-up. In 71 
patients with pharmacological stress, there were 2 cases of 
major cardiovascular events (2.6%) and 13 of all events 
(16.9%) during the 3-year follow-up. There were no sig-
nificant differences in major cardiovascular events between 
exercise and pharmacological stress test groups (P = NS).

Prognosis in Subjects With Normal SPECT
For the subjects with normal scintigraphic results among 
the patients with DM, Figure A shows the Kaplan-Meier 
analysis curves for major cardiovascular events, and Figure B 
shows the curves for all events. There were a total of 39 all 
events in the study population. This analysis showed that 
the cardiac major events rate is very low, and subjects with 
normal SPECT could be considered as low risk in this study 
group.

Relationship Between Clinical Status and Cardiac Events
The relationship between clinical status and major cardiac 
events is shown in Table 3. There were no statistical signifi-
cant differences between subjects with and without major 
cardiac events. There were more significant major cardiac 
events in patients who underwent CAG than in those who did 
not (P=0.01). Table 4 shows the demographic data of the all 
events group.

The ability of the prognostic variables to predict all car-
diac events was examined by multivariate Cox proportional 
hazard analysis. As indicated in Table 5, there was no in-
dependent predictor of all cardiac events in asymptomatic 
patients with DM.

Discussion
This study has demonstrated the low risk associated with nor-
mal MPI, even though patients with type 2 DM have a higher 
risk of cardiovascular events and death than those without 

Table 3. Demographic Data According to Major Cardiovascular 
Events

Cardiac 
event

No cardiac 
event P value

n 8 311

CAG 2 (25%)   8 (3%) 0.010

Hypertension 6 (75%) 265 (85%) 0.77

Dyslipidemia 7 (88%) 248 (80%) 0.94

Laboratory data

    HDL-C (mg/dl) 53.4±8.1　　 51.0±14.8 0.39

    TG (mg/dl) 153.1±62.4　　 163.9±104.7 0.92

    Creatinine (mg/dl) 0.89±0.19 0.77±0.24 0.15

ECG abnormalities

    Present 2 (25%)   58 (19%) 0.84

    Absent 4 (50%) 214 (69%)

    Unknown 2 (25%)   39 (13%)

Scintigraphic data

    SSS 0.50±1.1　　 0.48±0.9　　 0.94

    LVEF (%) 69.8±5.3　　 69.7±8.9　　 0.81

    EDV (ml) 64.3±15.2 69.8±19.4 0.43

    ESV (ml) 19.0±6.8　　 22.1±10.6 0.43

CAG,  coronary  angiography;  HDL-C,  high-density  lipoprotein 
cholesterol; TG, triglyceride; ECG, electrocardiogram; LVEF, left 
ventricular  ejection  fraction;  EDV,  end-diastolic  volume.  Other 
abbreviations see in Table 1.

Table 5. Variables for All Events Based on Cox Multivariate 
Analysis

HR (95%CI) P value

Age 1.041 (0.99–1.10) 0.12

Sex 0.86 (0.36–2.06) 0.74

Hypertension 2.64 (0.62–11.3) 0.19

Dyslipidemia 0.64 (0.28–1.47) 0.29

Abnormal ECG 1.78 (0.83–3.82) 0.14

SSS 0.99 (0.64–1.57) 0.96

LVEF 1.04 (0.93–1.17) 0.47

EDV 0.96 (0.91–1.03) 0.27

ESV 1.09 (0.92–1.29) 0.33

HR, hazard ratio; CI, confidence interval. Other abbreviations see 
in Tables 1,3.

Table 4. Demographic Data According to All Events Rate

Cardiac 
event

No cardiac 
event P value 

n 39 280

CAG 3 (8%)   7 (3%) 0.21

Hypertension 35 (90%) 236 (84%) 0.51

Dyslipidemia 30 (77%) 225 (80%) 0.94

Laboratory data

    HDL-C (mg/dl) 51.9±12.5 51.0±14.9 0.49

    TG (mg/dl) 158.1±83.5　　 164.3±106.4 0.81

    Creatinine (mg/dl) 0.84±0.28 0.76±0.23 0.12

ECG abnormalities

    Present 11 (28%)   49 (18%) 0.078

    Absent 20 (51%) 198 (71%)

    Unknown   8 (21%)   33 (12%)

Scintigraphic data

    SSS 0.38±0.88 0.49±0.9　　 0.36

    LVEF (%) 69.8±10.3 69.7±8.6　　 0.71

    EDV (ml) 68.6±20.3 69.8±19.2 0.66

    ESV (ml) 21.6±12.0 22.1±10.3 0.52

Abbreviations see in Tables 1,3.
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diabetes. Moreover, cardiac functional analysis by ECG-gated 
SPECT may enhance incremental prognostic information.15

A risk-based approach is essential in the management of 
diabetic patients with atherosclerosis.23 Screening for CAD 
in diabetic patients using SPECT may be beneficial for deter-
mining the therapeutic strategy, because the symptoms in the 
majority of patients with DM are silent. Therefore, when we 
recognize clinical symptoms such as chest pain or dyspnea, 
the disease can be at an advanced stage. Microvascular and 
macrovascular complications occur at the onset of hypergly-
cemia during the initial diagnosis of DM. The incidence of 
silent MI in diabetic patients is reported to be higher than that 
in nondiabetic patients.24 Physicians should use MPI more 
often to objectively evaluate silent myocardial ischemia in 
diabetes.9 Risk stratification in asymptomatic diabetic patients 
could be achieved by nuclear cardiology testing.19 Focusing 
on cardiovascular disease in diabetes, this J-ACCESS-2 study 
is the first large-scale prospective study of diabetic patients 
in Asia to evaluate the prognostic value of ECG-gated SPECT 
imaging.18,19 Patients enrolled in this study were all asymp-
tomatic with type 2 DM and no clinical evidence of CAD. 
To maximize the effective treatment of cardiovascular dis-
ease in patients with DM, it is important to identify CAD in 
asymptomatic patients as early as possible.24–26

A normal MPI result necessitates a watchful waiting 
approach to patient care.17 We have shown that MPI was 
normal in 62% of this study population of asymptomatic dia-
betic patients. The finding of a low cardiovascular event risk 
in patients with normal SPECT has important clinical impli-
cations because these patients can be exempted from further 
invasive procedures.27,28 When MPI and cardiac function 
are normal, a policy of proceeding directly to CAG exposes 
patients to higher risk of cardiac events.29,30 Why did CAG 
seem to increase the incidence of major cardiovascular events 
in the diabetic patients in this study? The precise mechanism 
is unknown. The patients who underwent angiography might 
have include a higher number of those with vasospastic 
angina or advanced atherosclerosis. The increase in major car-
diovascular events in the angiography group of patients may 
be related to selection bias, because there might be a clinical 
background of suspected CAD in patients who undergo CAG.

In several prior multicenter series and large observational 
studies, normal stress MPI was associated with an average 
annual cardiovascular event rate of 0.6–0.9%.8,17,29 The risk 
for patients with DM was 2- to 4-fold higher than for non-
diabetic patients and is comparable to the risk for patients 
with a prior MI.2,3,15 Therefore, the annualized hard event 
rate of 0.8% in this study population was as low as that of a 
study conducted in the USA.3 J-ACCESS-2 did not include 
patients with prior MI, CABG or PCI; however, J-ACCESS-1 
includes these subjects. In spite of this difference in the pa-
tients’ backgrounds, the cardiac event rate for subjects in the 
J-ACCESS-2 study who had a normal SPECT was as low as 
that in J-ACCESS-1.17 According to the results of this study, 
asymptomatic diabetic patients with normal MPI are low risk 
and would be good candidates for intensive risk factor modi-
fication using primary and secondary prevention guidelines.12 
The therapeutic focus is not on predicting which patient has 
anatomic CAD, but on identifying patients at risk for cardiac 
death or nonfatal MI.30–32 Normal scintigraphy has to be  
defined as normal perfusion and normal cardiac function. In 
this study the cardiovascular event rate was low, even when 
it was combined with functional analysis. A previous report 
showed incremental prognostic information with quantitative 
gated SPECT in subjects with CAD.15 The very low event 

rate in the asymptomatic patients in this study could not show 
the incremental prognostic value of functional analysis.

A watchful waiting approach in the management of pa-
tients with normal SPECT will result in cost efficiencies and 
substantial cost savings compared with a more aggressive, 
invasive diagnostic workup strategy that includes diagnostic 
cardiac catheterization.33–35 For patients with normal SPECT 
images, no additional testing is required because of the pro-
jected benign course. This does not mean a long-term cardiac-
event-free period, especially in diabetic patients, because 
studies of long-term outcome after a normal stress radionu-
clide study are scarce. These studies assume that patients 
would undergo no further testing after a normal SPECT 
study. Because of a greater frequency in atypical presenta-
tion, physicians should rely heavily on imaging results to 
guide their management decisions.29,36–39 Our present results 
indicate that the use of stress myocardial SPECT imaging 
could be a key component of the evaluation of diabetic  
patients beyond an assessment of clinical features. Such a 
risk-based approach could result in cost reductions.33–35

It is generally accepted that patients with pharmacologi-
cally induced stress are more heavily diseased than patients 
with exercise-induced stress. The present study included both 
types of stress testing in diabetic patients at the early stage. 
There were no significant differences in major cardiovascular 
events between exercise and pharmacological testing in this 
study, because the event rate for both stress types was very 
low. On the other hand, an attenuated heart rate response  
to exercise might predict cardiovascular events.40 Although 
most of the subjects in this study achieved the target heart 
rate, if a patient cannot achieve an adequate work load it 
should not be considered as a normal result.

Conclusion
For those DM patients undergoing stress SPECT, a low-risk 
99 mTc-tetrofosmin scan is associated with an annualized hard 
event rate of 0.8%. Results from J-ACCESS-2 provide further 
supportive evidence of the excellent prognosis associated 
with a normal SPECT scan and patients do not require fur-
ther invasive therapy.

Acknowledgments
The J-ACCESS-2 study was supported by a grant from the Japan Car-
diovascular Research Foundation. We thank the many physicians and 
technologists in the 50 hospitals who participated in the J-ACCESS-2 
study for their cooperation.

References
 1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence 

of diabetes: Estimates for the year 2000 and projections for 2030. 
Diabetes Care 2004; 27: 1047 – 1053.

 2. Haffner SM, Lehto S, Rönnemaa T, Pyörälä K, Laakso M. Mortal-
ity from coronary heart disease in subjects with type 2 diabetes and 
in nondiabetic subjects with and without prior myocardial infarc-
tion. N Engl J Med 1998; 339: 229 – 234.

 3. Giri S, Shaw LJ, Murthy DR, Travin MI, Miller DD, Hachamovitch 
R, et al. Impact of diabetes on the risk stratification using stress 
single-photon emission computed tomography myocardial perfusion 
imaging in patients with symptoms suggestive of coronary artery 
disease. Circulation 2002; 105: 32 – 40.

 4. Scholte AJ, Schuijf JD, Kharagjitsingh AV, Dibbets-Schneider P, 
Stokkel MP, van der Wall EE, et al. Prevalence and predictors of 
an abnormal stress myocardial perfusion study in asymptomatic 
patients with type 2 diabetes mellitus. Eur J Nucl Med Mol Imaging 
2009; 36: 567 – 575.

 5. Bax JJ, Bonow RO, Tschöpe D, Inzucchi SE, Barrett E; Global 
Dialogue Group for the Evaluation of Cardiovascular Risk in 



1921

Circulation Journal  Vol.74,  September  2010

Normal SPECT Imaging in DM

Patients With Diabetes. The potential of myocardial perfusion scin-
tigraphy for risk stratification of asymptomatic patients with type 2 
diabetes. J Am Coll Cardiol 2006; 48: 754 – 760.

 6. Bax JJ, Young LH, Frye RL, Bonow RO, Steinberg HO, Barrett 
EJ, American Diabetes Association. Screening for coronary artery 
disease in patients with diabetes. Diabetes Care 2007; 30: 2729 –  
2736.

 7. Rajagopalan N, Miller TD, Hodge DO, Frye RL, Gibbons RJ. 
Identifying high-risk asymptomatic diabetic patients who are candi-
dates for screening stress single-photon emission computed tomog-
raphy imaging. J Am Coll Cardiol 2005; 45: 43 – 49.

 8. Shaw LJ, Berman DS, Hendel RC, Alazraki N, Krawczynska E, 
Borges-Neto S, et al. Cardiovascular disease risk stratification with 
stress single-photon emission computed tomography technetium-
99 m tetrofosmin imaging in patients with the metabolic syndrome 
and diabetes mellitus. Am J Cardiol 2006; 97: 1538 – 1544.

 9. Matsuo S, Takahashi M, Nakamura Y, Kinoshita M. Evaluation of 
cardiac sympathetic innervation with iodine-123-metaiodobenzyl-
guanidine imaging in patients with silent myocardial ischemia.  
J Nucl Med 1996; 37: 712 – 717.

10. Berman DS, Hachamovitch R, Kiat H, Cohen I, Cabico JA, Wang 
FP, et al. Incremental value of prognostic testing in patients with 
known or suspected ischemic heart disease: A basis for optimal 
utilization of exercise technetium-99 m sestamibi myocardial per-
fusion single-photon emission computed tomography. J Am Coll 
Cardiol 1995; 26: 639 – 647.

11. Hachamovitch R, Berman DS, Shaw LJ, Kiat H, Cohen I, Cabico 
JA, et al. Incremental prognostic value of myocardial perfusion 
single photon emission computed tomography for the prediction of 
cardiac death: Differential stratification for risk of cardiac death 
and myocardial infarction. Circulation 1998; 97: 535 – 543.

12. Shaw LJ, Berman DS, Maron DJ, Mancini GB, Hayes SW, Hartigan 
PM, et al. Optimal medical therapy with or without percutaneous 
coronary intervention to reduce ischemic burden: Results from the 
Clinical Outcomes Utilizing Revascularization and Aggressive Drug 
Evaluation (COURAGE) trial nuclear substudy. Circulation 2008; 
117: 1283 – 1291.

13. Petretta M, Acampa W, Evangelista L, Daniele S, Ferro A, Cuocolo 
A; Impact of Inducible Ischemia by Stress SPECT (IDIS) Investiga-
tors. Impact of inducible ischemia by stress SPECT in cardiac risk 
assessment in diabetic patients: Rationale and design of a prospec-
tive, multicenter trial. J Nucl Cardiol 2008; 15: 100 – 104.

14. Groutars RG, Verzijlbergen JF, Zwinderman AH, Tiel-Van Buul 
MM, Ascoop CA, van Hemel NM, et al. Incremental prognostic 
value of myocardial SPET with dual-isotope rest 201Tl/stress 99 mTc-
tetrofosmin. Eur J Nucl Med 2002; 29: 46 – 52.

15. Nishimura T, Nakajima K, Kusuoka H, Yamashina A, Nishimura S. 
Prognostic study of risk stratification among Japanese patients with 
ischemic heart disease using gated myocardial perfusion SPECT: 
J-ACCESS study. Eur J Nucl Med Mol Imaging 2008; 35: 319 –  
328.

16. Nakajima K, Kusuoka H, Nishimura S, Yamashina A, Nishimura T. 
Prognostic value of myocardial perfusion and ventricular function 
in a Japanese multicenter cohort study (J-ACCESS): The first-year 
total events and hard events. Ann Nucl Med 2009; 23: 373 – 381.

17. Matsuo S, Nakajima K, Horie M, Nakae I, Nishimura T. Prognostic 
value of normal stress myocardial perfusion imaging in Japanese 
population. Circ J 2008; 72: 611 – 617.

18. Kusuoka H, Yamasaki Y, Izumi T, Kashiwagi A, Kawamori R, 
Shimamoto K, et al. Surveillance study for creating the national 
clinical database relating to ECG-gated myocardial perfusion SPECT 
of asymptomatic ischemic heart disease in patients with type-2  
diabetes mellitus: J-ACCESS 2 study design. Ann Nucl Med 2008; 
22: 13 – 21.

19. Nakajima K, Yamasaki Y, Kusuoka H, Izumi T, Kashiwagi A, 
Kawamori R, et al. Cardiovascular events in Japanese asymptom-
atic patients with type 2 diabetes: A one year interim report of a  
J-ACCESS 2 investigation using myocardial perfusion imaging. 
Eur J Nucl Med Mol Imaging 2009; 36: 2049 – 2057.

20. Nakajima K, Kusuoka H, Nishimura S, Yamashina A, Nishimura T. 
Normal limits of ejection fraction and volumes determined by gated 
SPECT in clinically normal patients without cardiac events: A 
study based on the J-ACCESS database. Eur J Nucl Med Mol 
Imaging 2007; 34: 1088 – 1096.

21.  Matsuo S, Matsumoto T, Nakae I, Koh T, Masuda D, Takada M, 
et al. Prognostic value of ECG-gated thallium-201 single-photon 
emission tomography in patients with coronary artery disease. Ann 
Nucl Med 2004; 18: 617 – 622.

22. Nakajima K, Nishimura T. Inter-institution preference-based vari-

ability of ejection fraction and volumes using quantitative gated 
SPECT with 99 mTc-tetrofosmin: A multicentre study involving 106 
hospitals. Eur J Nucl Med Mol Imaging 2006; 33: 127 – 133.

23. Wackers FJ, Chyun DA, Young LH, Heller GV, Iskandrian AE, 
Davey JA, et al. Resolution of asymptomatic myocardial ischemia 
in patients with type 2 diabetes in the Detection of Ischemia in 
Asymptomatic Diabetics (DIAD) study. Diabetes Care 2007; 30: 
2892 – 2898.

24. Nesto RW, Watson FS, Kowalchuk GJ, Zarich SW, Hill T, Lewis 
SM, et al. Silent myocardial ischemia and infarction in diabetics 
with peripheral vascular disease: Assessment by dipyridamole thal-
lium-201 scintigrapfy. Am Heart J 1900; 120: 1073 – 1077.

25. Wackers FJ, Young LH, Inzucchi SE, Chyun DA, Davey JA,  
Barrett EJ, et al; Detection of Ischemia in Asymptomatic Diabetics 
Investigators. Detection of silent myocardial ischemia in asymp-
tomatic diabetic subjects: The DIAD study. Diabetes Care 2004; 
27: 1954 – 1961.

26. Young LH, Wackers FJ, Chyun DA, Davey JA, Barrett EJ, Taillefer 
R, et al. Cardiac outcomes after screening for asymptomatic coro-
nary artery disease in patients with type 2 diabetes: The DIAD study: 
A randomized controlled trial. JAMA 2009; 301: 1547 – 1555.

27. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ,  
Kostuk WJ, et al. Optimal medical therapy with or without PCI for 
stable coronary disease. N Engl J Med 2007; 356: 1503 – 1516.

28. Trikalinos TA, Alsheikh-Ali AA, Tatsioni A, Nallamothu BK, Kent 
DM. Percutaneous coronary interventions for non-acute coronary 
artery disease: A quantitative 20-year synopsis and a network meta-
analysis. Lancet 2009; 373: 911 – 918.

29. Berman D, Hachamovitch R, Lewin H, Friedman J, Shaw L,  
Germano G. Risk stratification in coronary artery disease: Impli-
cations for stabilization and prevention. Am J Cardiol 1997; 79: 
10 – 16.

30. Gibbons RJ, Hodge DO, Berman DS, Akinbonoye OO, Heo J, 
Hachamovitch R, et al. Long-term outcome of patients with inter-
mediate-risk exercise electrocardiograms who do not have myocar-
dial perfusion defects on radionuclide imaging. Circulation 1999; 
23: 2140 – 2145.

31. Elhendy A, Schinkel AF, van Domburg RT, Bax JJ, Valkema R, 
Huurman A, et al. Risk stratification of patients with angina pectoris 
by stress 99 mTc-tetrofosmin myocardial perfusion imaging. J Nucl 
Med 2005; 46: 2003 – 2008.

32. Gibbons R, Abrams J, Chatterjee K, Daley J, Deedwania PC, 
Douglas JS, et al. ACC/AHA 2002 guideline update for the man-
agement of patients with chronic stable angina: Summary article: 
A report of the American College of Cardiology/American Heart 
Association Task Force on practice guidelines. J Am Coll Cardiol 
2003; 41: 159 – 168.

33. Shaw LJ, Hachamovitch R, Berman DS, Marwick TH, Lauer MS, 
Heller MS, et al. The economic consequences of available diag-
nostic and prognostic strategies for the evaluation of stable angina 
patients: An observational assessment of the value of pre-catheter-
ization ischemia. J Am Coll Cardiol 1999; 33: 661 – 669.

34. Underwood SR, Godman B, Salyani S, Ogle JR, Ell PJ. Economics 
of myocardial perfusion imaging in Europe: The EMPIRE study. 
Eur Heart J 1999; 20: 157 – 166.

35. Shaw LJ, Miller DD, Berman DS, Hachamovitch R. Clinical and 
economic outcomes assessment in nuclear cardiology. Q J Nucl Med 
2000; 44: 138 – 152.

36. Matsumoto N, Nagao K, Hirayama A, Sato Y. Non-invasive assess-
ment and clinical strategy of stable coronary artery disease by mag-
netic resonance imaging, multislice computed tomography and 
myocardial perfusion SPECT. Circ J 2010; 74: 34 – 40.

37. Igarashi Y, Chikamori T, Hida S, Nagao T, Tanaka H, Usui Y, et al. 
Comparative impact of scintigraphic parameters and B-type natri-
uretic peptide for the prediction of major cardiac events in the QGS-
prognostic value in the elderly (Q-PROVE) study. Circ J 2009; 73: 
1655 – 1660.

38. Matsuo S, Nakamura Y, Takahashi M, Mitsunami K, Kinoshita M. 
Myocardial metabolic abnormalities in hypertrophic cardiomy-
opathy assessed by iodine-123-labeled beta-methyl-branched fatty 
acid myocardial scintigraphy and its relation to exercise-induced 
ischemia. Jpn Circ J 1998; 62: 167 – 172.

39. Onishi T, Uematsu M, Nanto S, Morozumi T, Watanabe T, Awata 
M, et al. Detection of diastolic abnormality by dyssynchrony imag-
ing: Correlation with coronary artery disease in patients presenting 
with visibly normal wall motion. Circ J 2009; 73: 125 – 131.

40. Jouven X, Empana JP, Schwartz PJ, Desnos M, Courbon D, 
Ducimetière P. Heart-rate profile during exercise as a predictor of 
sudden death. N Engl J Med 2005; 352: 1951 – 1958.


