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Background. Recent literature suggests that the frequency of abnormal SPECT myocardial
perfusion imaging (MPI) has decreased over the past two decades despite an increase in the
prevalence of many cardiac risk factors. This study examined the trends in the prevalence of
obstructive coronary artery disease (CAD) by abnormal and ischemic MPI and invasive
angiography.

Methods. We analyzed all patients who underwent stress MPI or invasive angiography at
two academic centers between January 1996 and December 2012, for their demographic data
and study results.

Results. A total of 108,654 MPI studies were performed. Over time, the percentage of
patients with hypertension, hyperlipidemia, diabetes, and a history of smoking increased. There
was a decline in the prevalence of abnormal MPI studies in all patients as well as in those with
and without known CAD (from 47.2%, 71.8%, and 31.4% in 1996 to 33.9%, 64.8%, and 18.8%
in 2012, respectively, all P < .0001). Similarly, there was a decline in the prevalence of ischemic
MPI studies in all patients as well as in those with and without known CAD. A total of 142,924
invasive angiograms were performed. There was a decline in the prevalence of one-vessel and
multi-vessel coronary disease (from 29.1% and 53.6% in 1996 to 22.4% and 35.9% in 2012,
respectively, all P < .0001).

Conclusions. There has been a temporal decline in the prevalence of abnormal and
ischemic MPI studies as well as the frequency and extent of obstructive CAD on angiography.
However, this decline was not to the same extent as previously reported, and the overall 34%
abnormal MPI rate, with 19% in patients with no known CAD and 65% in patients with known
CAD, remains a clinically relevant percentage of patients tested. (JNucl Cardiol 2015;22:539–51.)
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INTRODUCTION

Stress myocardial perfusion imaging (MPI) remains

the most commonly used non-invasive modality for the

assessment of coronary artery disease (CAD). While

CAD remains the leading cause of mortality in the United

States,1 epidemiologic data indicate that improved control

of cardiac risk factors has resulted in a temporal decline

in the incidence and severity of CAD as well as its

associated mortality.2,3 Recent literature from a large

academic center has suggested a progressive decline in
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the frequency of both abnormal and ischemic single-

photon emission computed tomography (SPECT) MPI

studies over the past two decades among patients without

known CAD.4 Interestingly, this temporal MPI trend

occurred within all demographic, clinical, risk factor, and

stress modality subgroups despite a concomitant increase

in the prevalence of some risk factors and an increased

pre-test probability of CAD. While the apparent decline

in CAD prevalence and its associated mortality has

important implications with regard to stress MPI utiliza-

tion, confirmation of the aforementioned findings is

needed before contemplating alternative strategies. In

the previous study, patients with known CAD were not

evaluated which make up a sizeable proportion of most

nuclear cardiology laboratory’s patient volume. Hence,

we examined the temporal trends of the prevalence of

abnormal and ischemic MPI studies in two large aca-

demic centers as well as investigated the frequency of

obstructive CAD by invasive angiography at these

institutions in a multiyear clinical database review.

METHODS

Study Design

We included all patients who underwent clinically indi-

cated stress MPI (SPECT or PET) at Hartford Hospital (a 900

bed urban teaching hospital) and Mount Sinai Hospital (a

1,200 bed inner city teaching hospital) between January 1996

and December 2012 and were part of ongoing prospective

databases at both institutions. This study was approved by and

conducted within guidelines of the Institutional Review Board

at Hartford Hospital and Mount Sinai Hospital. Patients with

repeat studies were included, and each study was considered

individually in the analysis in order to consider the labora-

tory’s complete patient volume over this time period. Tl-201 or

PET studies performed for the sole purpose of cardiac viability

assessment were excluded. The prospectively collected MPI

database at Hartford Hospital began in 1996 and was consistent

through 2012, while the Mount Sinai Hospital database was

upgraded in 2004, and prior to 2004 some demographic

variables were not consistently available. The study group was

divided into 4 temporal subgroups for the purposes of analysis:

1996 to 2000, 2001 to 2004, 2005 to 2008, and 2009 to 2012.

At the time of testing, pertinent demographic and clinical

information, past cardiac history, and CAD risk factors were

recorded based on patient report or available medical records. A

family history of premature CAD was defined as a diagnosis of

CAD in a first-degree relative prior to or at 55 years of age.

Smoking history was defined as prior or current tobacco use. A

patient was considered to have known CAD at the time of their

stress test based on a provided history of previously diagnosed

atherosclerotic coronary disease, history of myocardial infarc-

tion, history of percutaneous coronary intervention (PCI), or

history of coronary artery bypass grafting (CABG).An abnormal

ECG was defined as any abnormal findings short of atrial or

ventricular premature beats and first-degree AV block. This

included nonspecific or abnormal T waves or ST segments,

pathologic Qwaves, bundle branch blocks, paced rhythms, atrial

fibrillation, atrial flutter, and second or higher degree AV block.

Stress and Imaging Protocols

Standard exercise and pharmacologic protocols as endorsed

by ASNC were employed.5 For ambulatory patients with known

or perceived functional limitations at the time of testing, a

combined stress protocol of vasodilator stress with adjunctive

exercise was also utilized. In such cases, exercise stress began

after completion of dipyridamole infusion, at the start of adenosine

infusion, and if a patient was unable to reach a standard exercise

testing endpoint, regadenoson was used only as needed. Standard

imaging and radionuclide dosing protocols (for SPECT and PET)

as endorsed by ASNC were used for all patients.5

Image Interpretation

Semi-quantitative perfusion scoring of the stress and rest

images was performed by board certified nuclear cardiologists.

Using a 17-segment model and visual semi-quantitative scoring

system, each segment was scored at the time of the clinical

performance of the test with access to the patient’s clinical and

stress test data.6 With the introduction and routine utilization of

attenuation correction (both Gd-153 line source and prone

imaging), all images were visually interpreted and scored in

sequence, non-attenuation-corrected data first followed by atten-

uation-corrected data using the same17-segmentmodel and semi-

quantitative scoring system. Summed stress scores (SSS),

summed rest scores (SRS), and summed difference score (SDS)

were calculated, and a stress and difference total perfusion defect

(TPD) % was calculated by dividing the SSS and SDS, respec-

tively, by the maximum score possible to compare the severity of

defects. A normal study was defined as a normal clinical

interpretation (typically a SSS B3 for non-attenuation-corrected

images and a SSS B1 for attenuation-corrected images), and an

ischemic study was defined as an abnormal clinical interpretation

with a SDSC1. Ischemic studies were further classified as having

[5% or[10% ischemia based on the difference TPD%.

Coronary Angiography

Patients who underwent a clinically indicated invasive

coronary angiogram from 1996 to 2012 at Hartford Hospital and

2004 to 2012 at Mount Sinai had the results of their angiogram

prospectively recorded in a clinical database. These patients

included elective outpatient and inpatient angiograms as well as

emergent acute coronary syndromeprocedures. Luminal diameter

narrowing for the left main and the three major coronary arteries

and their major branches at the time of cardiac catheterization

were visually estimated by the performing board certified inter-

ventional cardiologist. Obstructive disease was defined asC70%

stenosis in any of the three major coronary arteries (or their major

branches) or C50% stenosis of the left main coronary artery.

Patients were classified as having non-obstructive, single-vessel,

multi-vessel, or left main disease.
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Statistical Analysis

Clinical and baseline characteristics were expressed as

mean ± standard deviation or as percentages. Inter-group

comparisons were performed using a one-way ANOVA for

continuous variables and the Chi square for a trend for

categorical variables. Binary Logistic regression was per-

formed to calculate odds ratios with 95% confidence intervals.

Propensity scores were generated from logistic regression.

A nearest neighbor 1:1 match was used as the basis for

matching, with matching distance calculation using Mahalan-

obis distances.

A P\ .05 was considered statistically significant. Statis-

tical analyses were performed with SPSS software version 19

(IBM/SPSS, Armonk, NY USA 2012).

RESULTS

Demographics and Clinical Characteristics

During this 17-year time period, a total of 108,654

studies were performed at the two institutions. The demo-

graphic, clinical characteristics and stress test results over

time in all patients are shown in Table 1. The mean age of

patients and proportion of males undergoing testing over

this time remained relatively unchanged. The mean body

mass index (BMI) increased with an increase in the

percentage of obese individuals (BMI[30) and decrease in

normal weight subjects (BMI\25). Over time, the per-

centage of outpatients decreased, while the percentage of

inpatient and ED patients increased and the proportion of

patients with traditional risk factors of hypertension,

hyperlipidemia, diabetes, and a history of smoking

increased. The percentage of patients with known CAD

decreased which was accompanied by an increase in the

history of PCI and decrease in the history of CABG. Over

this period, there was an increase in the frequency of

patients undergoing pharmacologic stress. The temporal

patterns for demographic and clinical characteristics in

patients with no known CAD (Table 2) and known CAD

(Table 3) were generally similar to those observed in all

patients, but with a higher prevalence of older patients,

males, cardiac risk factors, and pharmacologic stress

observed in those with known vs no known CAD.

Stress MPI Results

As shown in Tables 1, 2 and 3, there was a decline

in the prevalence of abnormal stress MPI studies in all

patients (from 53.8% during the earliest time period to

31.8% during the most recent, P\ .0001) as well as in

those without and with known CAD (from 32.2% and

74.7% during the earliest time period to 18.0% and

60.8% during the most recent respectively, both

P\ .0001). In patients with abnormal studies, the mean

stress TPD fluctuated while the mean difference TPD

remained relatively constant over time. The trend for the

mean stress TPD for patients with abnormal perfusion

was the same with and without known CAD, but the

mean difference TPD decreased in patients with no

known CAD and increased in those with CAD. There

was also a decline in the prevalence of ischemic MPI

studies in all patients over this time period (from 23.0%

during the earliest to 19.1% during the most recent,

P\ .0001). In patients with no known CAD, a decrease

in the prevalence of ischemic studies was seen between

the first and last time periods (from 16.9% to 10.7%,

P\ .0001). However, in patients with known CAD,

there was an increase in the prevalence of ischemic

results (from 33.6% during the earliest time period to

37.0% during the most recent, P\ .0001).

As shown in Figure 1A, there was a temporal

decline in the prevalence of abnormal stress MPI studies

in all patients (from 54.0% in 1996 to 33.7% in 2012,

P\ .0001) as well as in those with and without known

CAD (from 76.4% and 31.4% in 1996 to 64.5% and

18.8% in 2012, respectively, both P\ .0001). Similarly,

as shown in Figure 1B, there was a temporal decline in

the prevalence of ischemic MPI studies in all patients

(from 29.4% in 1996 to 18.3% in 2012, P\ .0001) as

well as in those with and without known CAD (from

41.8% and 21.3% in 1996 to 37.8% and 8.8% in 2012,

respectively, both P\ .0001). However, by 2004, the

reduction in the number of abnormal studies in the full

cohort had been completed with a decline of 20% points

(54.0% to 24.0%) over those eight years and only a 0.3%

point decline over the next 8 years. A similar phenom-

enon was seen in the subgroup of patients with and

without known CAD (13.0% and 8.9% point decline

followed by a 1.0 point increase and 3.7 point decline,

respectively). This trend parallels the decrease in the

total volume of MPI studies, which peaked between

2004 and 2006 and decreased thereafter (Figure 2).

Figure 3 illustrates the decline in the prevalence of

studies with ischemia based on the degree of ischemia,

any,[5%, or[10%. In patients with no known coronary

disease, the prevalence of [10% ischemic burden

declined from 8.2% in 1996 to 2.2% in 2012, while in

patients with known coronary disease, it declined from

15% to 9.4%. The trend for[5% ischemia falls between

the prevalence of any ischemia and[10% ischemia.

Temporal Predictors of Abnormal Stress
MPI Studies

The prevalence of abnormal MPI results based on

patient demographics and clinical characteristics was

examined over time and is shown in Table 4. There was

a progressive decline in the prevalence of abnormal
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Table 1. Demographics and stress test results over time in all patients

Characteristic
1996–2000
(N 5 25,057)

2001–2004
(N 5 29,873)

2005–2008
(N 5 28,573)

2009–2012
(N 5 25,151) P value

Age 63.3 ± 12.8 63.0 ± 13.4 62.8 ± 13.4 63.4 ± 12.9 \.0001

\55 6,787 (27.1%) 8,707 (29.1%) 8,414 (29.4%) 6,715 (26.7%)

55–64 6,271 (25.0%) 7,517 (25.2%) 7,406 (25.9%) 7,033 (28.0%)

C65 11,983 (47.9%) 13,646 (45.7%) 12,753 (44.6%) 11,403 (45.3%)

Gender \.0001

Male 13,392 (53.4%) 15,600 (52.2%) 14,740 (51.6%) 13,347 (53.1%)

Female 11,665 (46.6%) 14,273 (47.8%) 13,833 (48.4%) 11,804 (46.9%)

BMI (kg�m-2) 28.2 ± 6.5 28.8 ± 6.9 29.2 ± 7.4 29.5 ± 7.5 \.0001

Normal,\25 7,627 (31.5%) 8,425 (28.7%) 7,694 (27.2%) 6,355 (25.7%)

Overweight, 25–30 9,264 (38.3%) 10,725 (36.5%) 9,841 (34.8%) 8,328 (33.6%)

Obese, C30 7,327 (30.3%) 10,250 (34.9%) 10,765 (38.0%) 10,073 (40.7%)

Patient location

Inpatient 5,166 (23.6%) 9,103 (30.6%) 9,349 (33.1%) 9,174 (36.9%) \.0001

Outpatient 16,372 (74.8%) 19,954 (67.1%) 16,015 (56.6%) 13,154 (52.9%) \.0001

ED 363 (1.7%) 678 (2.3%) 2,910 (10.3%) 2,543 (10.2%) \.0001

Cardiac risk factors

Hypertension 8,103 (59.8%) 19,467 (65.5%) 19,595 (68.8%) 18,162 (72.5%) \.0001

Diabetes 3,259 (24.1%) 7,855 (26.4%) 8,264 (29.3%) 8,312 (34.0%) \.0001

Hyperlipidemia 6,473 (48.0%) 16,051 (54.9%) 17,422 (62.4%) 15,662 (63.1%) \.0001

Smoking* 4,980 (36.8%) 12,124 (40.8%) 14,330 (50.5%) 10,969 (44.0%) \.0001

Family history 4,857 (35.9%) 7,770 (26.2%) 6,593 (23.5%) 5,376 (21.8%) \.0001

Known CAD 9,619 (53.4%) 9,917 (33.3%) 8,360 (29.3%) 8,074 (32.1%) \.0001

H/O PCI 2,293 (16.9%) 5,217 (17.5%) 5,279 (18.6%) 5,247 (21.1%) \.0001

H/O CABG 1,930 (14.3%) 3,366 (11.3%) 2,691 (9.5%) 2,285 (9.2%) \.0001

H/O MI 2,903 (21.4%) 4,421 (14.9%) 3,284 (11.6%) 3,508 (14.1%) \.0001

H/O CHF 554 (5.6%) 1,140 (6.9%) 2,030 (7.2%) 1,876 (7.5%) \.0001

Imaging \.0001

SPECT 24,755 (98.8%) 28,364 (94.9%) 26,720 (93.5%) 23,477 (93.3%)

PET 302 (1.2%) 1,509 (5.1%) 1,853 (6.5%) 1,674 (6.7%)

Isotope

Tc-99m 19,060 (76.1%) 28,296 (94.7%) 26,600 (93.1%) 20,977 (83.4%) \.0001

Tl-201 5,695 (22.7%) 67 (0.2%) 110 (0.4%) 2,500 (9.9%) \.0001

Rb-82 302 (1.2%) 1,509 (5.1%) 1,853 (6.5%) 1,674 (6.7%) \.0001

Stressor

Exercise 13,564 (54.1%) 11,935 (40.0%) 11,877 (41.6%) 10,158 (40.4%) \.0001

Pharmacologic 9,753 (38.9%) 15,146 (50.7%) 14,058 (49.2%) 13,661 (54.3%) \.0001

Pharma ? exer 1,740 (6.9%) 2,792 (9.3%) 2,638 (9.2%) 1,332 (5.3%) \.0001

Perfusion results \.0001

Normal 11,565 (46.2%) 17,687 (59.2%) 19,306 (67.6%) 17,162 (68.2%)

Abnormal 13,492 (53.8%) 12,186 (40.8%) 9,267 (32.4%) 7,989 (31.8%)

Ischemic 2,278 (23.1%) 3,215 (19.4%) 5,726 (20.0%) 4,815 (19.1%)

Patients with abnormal perfusion

Mean stress TPD (%) 14.1 ± 10.6 15.3 ± 11.6 14.7 ± 11.6 13.1 ± 11.4 \.0001

Mean difference TPD (%) 5.0 ± 6.1 5.2 ± 6.7 5.1 ± 6.6 5.0 ± 6.5 \.0001

LVEF (%) 57.3 ± 12.1 58.4 ± 12.6 61.3 ± 12.4 60.7 ± 12.2 \.0001

CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; MI,
myocardial infarction; CHF, congestive heart failure; LVEF, left ventricular ejection fraction
*Smoking = past or present smoking history
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Table 2. Demographics and stress test results over time in patients with no known CAD

Characteristic
1996–2000
(N 5 8,384)

2001–2004
(N 5 19,869)

2005–2008
(N 5 20,213)

2009–2012
(N 5 17,077) P value

Age 61.1 ± 13.4 60.8 ± 13.7 61.0 ± 13.6 61.5 ± 12.8 \.0001

\55 2,887 (34.4%) 7,118 (35.8%) 7,051 (34.9%) 5,429 (31.8%)

55–64 2,105 (25.1%) 5,052 (25.4%) 5,322 (26.3%) 4,996 (38.8%)

C65 3,392 (40.5%) 7,699 (38.7%) 7,840 (38.8%) 6,652 (39.0%)

Gender \.0001

Male 3,764 (44.9%) 8,876 (44.7%) 9,208 (45.6%) 8,035 (47.1%)

Female 4,620 (55.1%) 10,993 (55.3%) 11,005 (54.4%) 9,042 (52.9%)

BMI (kg�m-2) 29.2 ± 7.2 29.2 ± 7.4 29.6 ± 7.7 29.8 ± 7.8 \.0001

Normal,\25 2,298 (28.5%) 5,604 (28.7%) 5,382 (26.9%) 4,324 (25.8%)

Overweight, 25–30 2,840 (35.2%) 6,762 (34.6%) 6,693 (33.4%) 5,343 (31.8%)

Obese, C30 2,929 (36.3%) 7,194 (36.8%) 7,946 (39.7%) 7,122 (42.4%)

Patient location

Inpatient 2,022 (31.3%) 5,696 (28.8%) 6,339 (31.7%) 6,016 (35.7%) \.0001

Outpatient 4,291 (66.5%) 13,503 (68.3%) 11,064 (55.4%) 8,702 (51.7%) \.0001

ED 141 (2.2%) 578 (2.9%) 2,578 (12.9%) 2,120 (12.6%) \.0001

Cardiac risk factors

Hypertension 4,649 (55.5%) 11,842 (59.6%) 12,651 (62.8%) 11,210 (66.0%) \.0001

Diabetes 1,850 (22.2%) 4,749 (23.9%) 5,223 (26.2%) 5,002 (30.2%) \.0001

Hyperlipidemia 3,110 (37.3%) 8,657 (44.5%) 10,316 (52.6%) 8,750 (52.2%) \.0001

Smoking* 2,867 (34.2%) 7,804 (39.3%) 9,576 (47.7%) 6,921 (41.0%) \.0001

Family history 2,869 (34.2%) 5,034 (25.4%) 4,402 (22.3%) 3,410 (20.4%) \.0001

Known CAD n/a n/a n/a n/a –

H/O PCI n/a n/a n/a n/a –

H/O CABG n/a n/a n/a n/a –

H/O MI n/a n/a n/a n/a –

H/O CHF 254 (4.1%) 537 (4.7%) 1,037 (5.2%) 855 (5.1%) \.0001

Imaging \.0001

SPECT 8,205 (97.9%) 19,022 (95.7%) 19,113 (94.6%) 16,111 (94.3%)

PET 179 (2.1%) 847 (4.3%) 1,100 (5.4%) 966 (5.7%)

Isotope

Tc-99m 8,036 (95.8%) 18,998 (95.6%) 19,040 (94.2%) 14,527 (85.1%) \.0001

Tl-201 169 (2.0%) 23 (0.1%) 64 (0.3%) 1,584 (9.3%) \.0001

Rb-82 179 (2.1%) 847 (4.3%) 1,100 (5.4%) 966 (5.7%) \.0001

Stressor

Exercise 4,222 (50.4%) 8,252 (41.5%) 8,829 (43.7%) 7,320 (42.9%) \.0001

Pharmacologic 3,272 (39.0%) 9,832 (49.5%) 9,571 (47.4%) 8,845 (51.8%) \.0001

Pharma ? exer 890 (10.6%) 1,785 (9.0%) 1,813 (9.0%) 912 (5.3%) \.0001

Perfusion results \.0001

Normal 5,688 (67.8%) 14,425 (72.6%) 16,139 (79.8%) 13,996 (82.0%)

Abnormal 2,696 (32.2%) 5,444 (27.4%) 4,074 (20.2%) 3,081 (18.0%)

Ischemic 1,052 (16.9%) 1,535 (13.4%) 2,757 (13.6%) 1,828 (10.7%)

Patients with abnormal perfusion

Mean Stress TPD (%) 10.4 ± 8.4 12.3 ± 10.0 12.5 ± 10.1 9.9 ± 9.0 \.0001

Mean Difference TPD (%) 5.7 ± 6.2 5.7 ± 6.7 5.5 ± 6.8 4.9 ± 6.4 \.0001

LVEF (%) 60.4 ± 10.1 61.3 ± 10.8 63.7 ± 10.7 62.7 ± 10.7 \.0001

CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; MI,
myocardial infarction; CHF, congestive heart failure; LVEF, left ventricular ejection fraction
*Smoking = past or present smoking history
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Table 3. Demographics and stress test results over time in patients with known CAD

Characteristic
1996–2000
(N 5 9,619)

2001–2004
(N 5 9,917)

2005–2008
(N 5 8,360)

2009–2012
(N 5 8,074) P value

Age 66.0 ± 11.6 67.3 ± 11.8 67.2 ± 12.0 67.3 ± 12.0 \.0001

\55 1,780 (18.5%) 1,563 (15.8%) 1,363 (16.3%) 1,286 (15.9%)

55–64 2,385 (24.8%) 2,436 (24.6%) 2,084 (24.9%) 2,037 (25.2%)

C65 5,449 (56.7%) 5,915 (59.7%) 4,913 (58.8%) 4,751 (58.8%)

Gender \.0001

Male 6,548 (68.1%) 6,653 (67.1%) 5,532 (66.2%) 5,312 (65.8%)

Female 3,071 (31.9%) 3,264 (32.9%) 2,828 (33.8%) 2,762 (34.2%)

BMI (kg�m-2) 27.7 ± 5.7 28.2 ± 5.9 28.4 ± 6.2 28.9 ± 6.5 \.0001

Normal,\25 2,943 (31.5%) 2,799 (28.4%) 2,312 (27.9%) 2,031 (25.5%)

Overweight, 25–30 3,949 (42.3%) 3,926 (39.8%) 3,148 (38.0%) 2,985 (37.5%)

Obese, C30 2,443 (26.2%) 3,028 (31.9%) 2,819 (34.1%) 2,951 (37.0%)

Patient location

Inpatient 2,123 (25.3%) 3,389 (34.3%) 3,010 (36.3%) 3,158 (39.3%) \.0001

Outpatient 6,178 (73.6%) 6,382 (64.7%) 4,951 (59.7%) 4,452 (55.4%) \.0001

ED 92 (1.1%) 100 (1.0%) 332 (4.0%) 423 (5.3%) \.0001

Cardiac risk factors

Hypertension 3,450 (66.8%) 7,618 (77.2%) 6,944 (83.2%) 6,952 (86.2%) \.0001

Diabetes 1,408 (27.3%) 3,104 (31.5%) 3,041 (36.9%) 3,310 (41.8%) \.0001

Hyperlipidemia 3,361 (65.3%) 7,389 (75.4%) 7,106 (85.5%) 6,912 (86.0%) \.0001

Smoking* 2,111 (40.9%) 4,314 (43.8%) 4,754 (57.1%) 4,048 (50.2%) \.0001

Family history 1,983 (38.5%) 2,733 (27.8%) 2,191 (26.6%) 1,966 (24.8%) \.0001

Known CAD n/a n/a n/a n/a –

H/O PCI 2,293 (44.4%) 5,217 (52.9%) 5,278 (63.3%) 5,246 (65.0%) \.0001

H/O CABG 1,930 (37.4%) 3,366 (34.2%) 2,689 (32.3%) 2,281 (28.3%) \.0001

H/O MI 2,903 (56.3%) 4,362 (44.3%) 3,052 (36.6%) 3,496 (43.4%) \.0001

H/O CHF 300 (8.2%) 603 (11.8%) 993 (11.9%) 1,021 (12.7%) \.0001

Imaging \.0001

SPECT 9,501 (98.8%) 9,267 (93.4%) 7,607 (91.0%) 7,366 (91.2%)

PET 118 (1.2%) 650 (6.6%) 753 (9.0%) 708 (8.8%)

Isotope

Tc-99m 7,230 (75.2%) 9,225 (93.0%) 7,560 (90.4%) 6,450 (79.9%) \.0001

Tl-201 2,271 (23.6%) 42 (0.4%) 46 (0.6%) 916 (11.3%) \.0001

Rb-82 118 (1.2%) 650 (6.6%) 753 (9.0%) 708 (8.8%) \.0001

Stressor

Exercise 5,152 (53.6%) 3,655 (36.9%) 3,048 (36.5%) 2,838 (35.1%) \.0001

Pharmacologic 3,728 (38.8%) 5,257 (53.0%) 4,487 (53.7%) 4,816 (59.6%) \.0001

Pharma ? exer 739 (7.7%) 1,005 (10.1%) 825 (9.9%) 420 (5.2%) \.0001

Perfusion results \.0001

Normal 2,431 (25.3%) 3,220 (32.5%) 3,167 (37.9%) 3,166 (39.2%)

Abnormal 7,188 (74.7%) 6,697 (67.5%) 5,193 (62.1%) 4,908 (60.8%)

Ischemic 1,226 (33.6%) 1,680 (32.8%) 2,969 (35.5%) 2,987 (37.0%)

Patients with abnormal perfusion

Mean stress TPD (%) 16.5 ± 11.1 17.6 ± 12.2 16.5 ± 12.4 15.1 ± 12.2 \.0001

Mean difference TPD (%) 4.5 ± 6.1 4.8 ± 6.7 4.7 ± 6.5 5.1 ± 6.5 \.0001

LVEF (%) 51.9 ± 13.2 52.4 ± 14.1 55.8 ± 14.2 55.4 ± 14.0 \.0001

CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; MI,
myocardial infarction; CHF, congestive heart failure; LVEF, left ventricular ejection fraction
*Smoking = past or present smoking history
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stress MPI studies within all ages, genders, BMI’s, and

within all traditional cardiac risk factors. There was a

larger decline seen among outpatients and ED patients

compared to inpatients and a larger decline seen in

exercise stress compared to pharmacologic stress. There

was little clinically significant change in patients with a

history of PCI or CABG.

Odds ratios for having an abnormal stress MPI study

by time period are shown in Table 5. Age and BMI

showed no change in their association with an abnormal

study over time. The odds ratios for male gender,

outpatient, and ED setting showed a decrease, while

traditional cardiac risk factors, known CAD, history of

PCI, and CABG demonstrated an increase. The odds ratio

for pharmacologic as well as pharmacologic plus exercise

stress was higher than exercise stress throughout the time

periods with an increase over time, likely reflecting more

comorbidities and greater risk factor burden in the non-

exercise stress group. The odds ratio for PET imaging was

higher than SPECT imaging likely reflecting a degree of

referral bias of ‘‘sicker’’ or more complex patients to PET.

Temporal MPI Trends After Propensity
Matching

We compared 1,000 propensity-matched patients

and matching variables included age (P = .88), gender

(P = .97), BMI (P = .98), patient location (P = 1.0),

hypertension (P = 1.0), diabetes (P = 1.0), hyperlipid-

emia (P = 1.0), smoking (P = 1.0), CAD (P = 1.0),

PCI (P = 1.0), and CABG (P = 1.0) (Table 6). Within

this cohort, there remained a temporal decrease in the

frequency of abnormal MPI studies from 39.1% to

32.4% (P = .014) similar to, but smaller in magnitude

to the results seen in the non-matched cohort. In patients

with abnormal results, the mean total stress perfusion

defect size increased over time, while the mean differ-

ence in TPD size did not significantly change.

Temporal Trends of Invasive Coronary
Angiography

A total of 142,924 invasive angiograms performed

at the two institutions during this 17-year time period

were reviewed. Similar to the observations with stress

Figure 1. Trends in abnormal and ischemic myocardial per-
fusion imaging studies over 17 years.

Figure 2. Myocardial perfusion imaging volume over time.

Figure 3. Trends in the severity of ischemic myocardial
perfusion imaging studies over 17 years in patients with and
without known CAD.
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MPI, there was a progressive decline in the prevalence

of obstructive CAD by angiography (77.2% during the

1996 to 2000 period, 74.5% during the 2001 to 2004

interval, 71.1% during the 2005 to 2008 time period, and

67.9% during the 2009 to 2012 interval, P\ .001).

Furthermore, and as shown in Figure 4, there was a

temporal decline in the prevalence of one-vessel CAD,

multi-vessel CAD, and LM disease (from 29.1%, 53.6%,

and 12.2% in 1996 to 22.4%, 35.9%, and 5.7% in 2012,

respectively, all P\ .0001) with a corresponding tem-

poral increase in the prevalence of non-obstructive CAD

(from 11.8% in 1996 to 17.6% in 2012, P\ .0001).

Specific Populations

The emergency department chest pain unit patient

and the pre-liver transplant patient are two known low-

risk populations which may not be found at all institu-

tions.7,8 A total of 6,494 patients were studied from the

ED (overall 20.1% rate of abnormal MPI studies), and

5,165 patients were studied as part of their pre-trans-

plantation evaluation (overall 21.3% rate of abnormal

MPI studies). When the ED patients are removed from

the cohort, the percent of abnormal studies increases

1.6% points to 33.4% in the 4th time period, and when

the pre-transplant patients are removed from the cohort,

Table 4. Prevalence of abnormal MPI results based on patient demographics over time

Characteristic
1996–2000
(N 5 13,492)

2001–2004
(N 5 12,186)

2005–2008
(N 5 9,267)

2009–2012
(N 5 7,989) P value

Age

\55 2,919 (43.0%) 2,413 (27.7%) 1,703 (20.2%) 1,465 (21.8%) \.0001

55–64 3,306 (52.7%) 2,968 (39.5%) 2,328 (31.4%) 2,014 (28.6%) \.0001

C65 7,256 (60.6%) 6,803 (49.9%) 5,236 (41.1%) 4,510 (39.6%) \.0001

Gender

Male 8,725 (65.2%) 7,841 (50.3%) 6,067 (41.2%) 5,429 (40.7%) \.0001

Female 4,767 (40.9%) 4,345 (30.4%) 3,200 (23.1%) 2,560 (21.7%) \.0001

BMI (kg�m-2)

Normal,\25 4,060 (53.2%) 3,362 (39.9%) 2,391 (31.1%) 1,949 (30.7%) \.0001

Overweight, 25–30 5,267 (56.9%) 4,561 (42.5%) 3,322 (33.8%) 2,687 (32.3%) \.0001

Obese, C30 3,712 (50.7%) 4,036 (39.4%) 3,456 (32.1%) 3,191 (31.7%) \.0001

Patient location

Inpatient 2,732 (52.9%) 3,864 (42.4%) 3,253 (34.8%) 3,349 (36.5%) \.0001

Outpatient 9,136 (55.8%) 8,104 (40.6%) 5,377 (33.6%) 4,096 (31.1%) \.0001

ED 165 (45.5%) 162 (23.9%) 530 (18.2%) 449 (17.7%) \.0001

Cardiac risk factors

Hypertension 4,075 (50.3%) 8,814 (45.3%) 7,347 (37.5%) 6,567 (36.2%) \.0001

Diabetes 1,794 (55.0%) 3,776 (48.1%) 3,469 (42.0%) 3,304 (39.7%) \.0001

Hyperlipidemia 3,359 (51.9%) 7,443 (46.4%) 6,838 (39.2%) 6,031 (38.5%) \.0001

Smoking* 2,582 (51.8%) 5,289 (43.6%) 5,132 (35.8%) 3,840 (35.0%) \.0001

Family history 2,143 (44.1%) 2,855 (36.7%) 2,063 (31.3%) 1,745 (32.5%) \.0001

Known CAD 7,188 (74.7%) 6,697 (67.5%) 5,193 (62.1%) 4,908 (60.8%) \.0001

PCI 1,530 (66.7%) 3,472 (66.6%) 3,303 (62.6%) 3,214 (61.3%) \.0001

CABG 1,364 (70.7%) 2,440 (72.5%) 1,976 (73.4%) 1,667 (73.0%) \.0001

H/O MI 2,206 (76.0%) 3,209 (72.6%) 2,283 (69.5%) 2,512 (71.6%) \.0001

H/O CHF 428 (77.3%) 775 (68.0%) 1,278 (63.0%) 1,230 (65.6%) \.0001

Stressor

Exercise 7,051 (52.0%) 4,165 (34.9%) 3,008 (25.3%) 2,517 (24.8%) \.0001

Pharmacologic 5,607 (57.5%) 7,033 (46.4%) 5,477 (39.0%) 5,065 (37.1%) \.0001

Pharma ? exer 834 (47.9%) 988 (35.4%) 782 (29.6%) 407 (30.6%) \.0001

CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; CHF,
congestive heart failure
*Smoking = past or present smoking history
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the percent of abnormal studies increases 1.8% points to

33.6% in the 4th time period. If both groups are

removed, the prevalence of abnormal studies increases

3.7% points to 35.5% in the 4th time period.

Two higher risk subgroups include patients under-

going PET MPI and patients receiving Tl-201 as the

imaging isotope because of potential referral bias of

perceived ‘‘sicker’’ patients to these imaging modalities.

Over the entire study period, PET imaging had a 55.2%

rate of abnormal studies compared to 38.7% for SPECT

imaging. The subgroup of patients imaged with Tl-201

also had a higher percentage of abnormal patients,

56.1% during the study period, compared to 38.1% with

Tc-99m agents. This is in spite of excluding from

analysis patients referred for viability testing. Interest-

ingly, during the 2009-2012 time period when Tl-201

was substituted for Tc-99m due to shortages, a 38.0%

prevalence of abnormal studies was seen which was

similar to Tc-99m.

DISCUSSION

Our study demonstrates that in patients who under-

went clinically indicated stress MPI between 1996 and

Table 6. Patient demographics and stress test results in a propensity-matched cohort

Characteristic
1996–2000
(N 5 1,000)

2001–2004
(N 5 1,000)

2005–2008
(N 5 1,000)

2009–2012
(N 5 1,000) P value

Age 61.9 ± 13.7 62.2 ± 13.4 62.4 ± 13.3 62.3 ± 13.2 .88

Gender

Male 53.2% 53.3% 53.7% 54.2% .97

Female 46.8% 46.7% 46.3% 45.8%

BMI (kg�m-2) 28.5 ± 6.5 28.5 ± 6.1 28.4 ± 6.2 28.6 ± 6.2 .98

Patient location

Inpatient 41.9% 41.9% 41.6% 42.2% .99

Outpatient 56.5% 56.5% 56.8% 56.2% .99

ED 1.6% 1.6% 1.6% 1.6% 1.0

Cardiac risk factors

Hypertension 54.5% 54.5% 54.8% 54.4% .99

Diabetes 22.8% 22.8% 22.8% 22.9% 1.0

Hyperlipidemia 49.1% 49.3% 49.0% 49.1% .99

Smoking* 35.9% 35.7% 35.9% 35.9% 1.0

Family history 37.0% 28.3% 24.9% 24.1% \.001

Known CAD 36.9% 36.9% 37.0% 37.0% 1.0

PCI 17.1% 16.9% 17.0% 16.8% 1.0

CABG 18.1% 18.1% 18.1% 18.2% .99

H/O CHF 5.7% 6.6% 7.9% 8.1% .12

Stressor

Exercise 50.0% 41.9% 44.5% 42.3% .001

Pharmacologic 34.6% 41.0% 46.0% 51.4% \.001

Pharma ? exer 15.4% 17.1% 9.5% 6.3% \.001

Perfusion results .014

Normal 60.9% 65.8% 64.2% 67.6%

Abnormal 39.1% 34.2% 35.8% 32.4%

Patients with abnormal perfusion

Mean stress TPD (%) 12.3 ± 9.8 15.8 ± 12.3 14.7 ± 11.6 14.3 ± 12.7 .001

Mean difference TPD (%) 4.3 ± 5.5 4.3 ± 6.4 4.0 ± 5.6 4.5 ± 6.5 .80

LVEF (%) 53.3 ± 19.5 57.1 ± 18.4 61.1 ± 17.1 55.1 ± 22.6 \.001

CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; CHF,
congestive heart failure; LVEF, left ventricular ejection fraction
*Smoking = past or present smoking history
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2012, the frequency of abnormal and ischemic studies

declined over time. There was a 14% decrease in the

prevalence of abnormal stress MPI studies between the

1996-2000 and 2009-2012 time periods (P\ .0001) both

in patients with no known CAD and in those with known

CAD. The declining frequency of abnormal stress MPI

was observed among all age groups, both genders, in

inpatients and outpatients, and across all cardiac risk

factors similar to the previous report.4 However, the most

recent prevalence of abnormal and ischemic MPI results

was not as low as previously reported in patients with no

known CAD, and in patients with known CAD, the

prevalence of abnormal studies remains high.

Rozanski et al noted that over the past two decades,

the frequency of abnormal stress SPECT-MPI studies

has declined markedly.4 In their study, the prevalence of

abnormal studies decreased from 40.9% in 1991 to 8.7%

in 2009 (a decrease of 32.2%). In addition, the frequency

of myocardial ischemia decreased from 29.6% to 5.0%

(a decrease of 24.6%). Our results in patients without

known CAD demonstrate a less dramatic decline

(14.2%) with abnormal MPI studies in 18.4% of patients

in 2009 and 18.8% in 2012, with a 12.4% decline in

ischemic studies resulting in 11.3% ischemic studies in

2009 and 8.8% in 2012. Compared to the West Coast

population, the East Coast population in the current

study included a smaller proportion of outpatients, had a

larger BMI, and had a greater prevalence of hyperten-

sion, high cholesterol, smoking, and diabetes which may

have been responsible for the different results. In the

subgroup of known CAD patients which was not studied

in the previous paper, we found that the decline was less

pronounced. Furthermore, the rate of decline in the

prevalence of abnormal studies has been minimal in the

second half of the time period after 2004 with only a

0.3% point decrease in the entire cohort during that time.

In patients with known CAD, the percentage of abnor-

mal studies actually increased by 1% point, while there

was a minimal 3.7% point decrease in the no known

CAD group. This reduction in the rate of decline of the

proportion of abnormal studies correlated with the

beginning of a national trend of reduction in SPECT-

MPI patient volume and roughly corresponds to decreas-

ing annual volumes in this study.9

Countercurrent to the decreasing proportion of

abnormal MPI studies, there was a changing pattern of

risk factors noted over this entire time period, with

patients carrying a heavier burden of traditional risk

factors over time. This included a greater proportion of

obese patients and an increase in the prevalence of all of

the traditional cardiac risk factors except family history.

In spite of the rising trend of the risk factors, there was a

temporal decrease in patients with a history of known

CAD, with fewer post-CABG patients but a greater

degree of post-PCI patients. Rozanski et al found a

similar trend with increasing frequency of hypertension,

diabetes, and hyperlipidemia but a declining prevalence

of smoking and family history.4 A number of studies

have evaluated the prevalence of CAD risk factors in

different populations and in contrast to our study and

that of Rozanski et al, most have shown a declining

prevalence of hypertension, hyperlipidemia, and smok-

ing but an increase in the prevalence of diabetes.2,10-12

Ford et al13 examined US deaths from cardiovascular

disease over a twenty-year time period and noted a

decline in cardiovascular deaths nationally, attributing

this to risk factor reduction. While they noted significant

reductions in systolic blood pressure, cholesterol levels,

and smoking prevalence, there was an increase in the

burden of diabetes and obesity, suggesting that it is the

control of these risk factors with medical therapy despite

increasing absolute numbers of people with the diseases

that are affecting outcomes. Supporting this, a recent

study using data from the National Health Interview

Survey found that the prevalence of diabetes in the US

population increased threefold between 1990 and 2010,

but the number of patients who suffered acute myocar-

dial infarction within this group declined significantly.14

These findings are similar to the trend of decreasing

abnormal MPI studies in spite of increased risk factor

burden observed in our study.

Other factors to explain the decreasing prevalence

of abnormal MPI studies may be in play besides the

early recognition of cardiac risk factors resulting in

aggressive medical therapy to prevent the development

of clinically significant obstructive disease including

changes in patient referral patterns to other modalities

and testing of lower risk patients. With advances in the

safety and efficacy of coronary angiography and percu-

taneous coronary intervention over this time period,

there might be a lower threshold for referring patients

directly to cardiac catheterization, thereby decreasing

the proportion of abnormal MPI studies among those

Figure 4. Occurrence of coronary artery disease by invasive
angiography over time.
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referred for non-invasive testing. Given the increasing

prevalence of non-obstructive invasive angiograms over

time seen in this study and in other reports,15-18 this

factor may have played a role. Another explanation for

the increase in normal MPI studies may be the use of

improved SPECT imaging technology. New SPECT

cameras, reconstruction software, and attenuation cor-

rection all debuted during this time period. The

frequency of abnormal results decreased more dramat-

ically through 2004 after which the downward trend was

slower, which roughly corresponded to the introduction

of the new technologies.

Two subsets that tend to have a high prevalence of

normal MPI results are patients referred for transplant

evaluation and low-risk patients triaged through the

emergency department chest pain unit. Zoghbi et al

reported high incidence of normal MPI results (91%) in

a retrospective study evaluating patients who underwent

SPECT MPI for pre-operative evaluation prior to liver

transplantation.8 In addition, low-risk chest pain unit

patients from the emergency room have been shown to

have low rates of abnormal MPI results.7 Our findings

confirm these previous observations as each subgroup

had low rate of abnormal MPI (approximating 20%) and

our rate of abnormal MPI increased when they were

excluded from the analysis.

Another important finding from our investigation is

the declining prevalence of obstructive CAD revealed on

cardiac catheterization during the same time period

(77.2%, 74.5%, 71.1%, and 67.9%, respectively, in the 4

temporal groups). There have been previous studies15-18

also demonstrating a lower prevalence of angiographi-

cally significant CAD in patients with typical angina.

Similar to our observations, findings from these angio-

graphic studies may be indicative of earlier and

improved medical therapy in patients at risk of CAD

resulting in less obstructive coronary disease.

LIMITATIONS

This is a retrospective review with all of the

limitations inherent to retrospective studies. We do not

have information on cardiac medications at the time of

testing and thus are unable to examine these trends in

relation to the decreasing prevalence of abnormal MPI

studies and obstructive CAD on angiography. We did

not have access to data on preceding MPI studies in

patients who underwent coronary angiograms and there-

fore it could not be analyzed. Outcomes data, such as

cardiac events or mortality, were not available on all

patients to correlate with the MPI and angiography

findings. All patients, patients with no known CAD,

patients with known CAD, and SPECT and PET

perfusion studies, were all analyzed in order to

demonstrate the complete, unselected trends in clinical

study results over this time period. The two sites in this

study were not analyzed separately as the purpose of the

study was to get a multi-center experience that would

mitigate the idiosyncrasies that might exist at a single

clinical center. During the course of the study, there

were changes in the SPECT imaging technology includ-

ing improved SPECT cameras, the use of attenuation

correction, and new reconstruction software all of which

could potentially have impacted the results.

NEW KNOWLEDGE GAINED

This study confirms the decrease in the detection of

CAD from MPI in two large nuclear cardiology labo-

ratories between 1996 and 2012, although not to the

extent previously reported. The overall 34% abnormal

rate, with 19% in patients with no known CAD and 65%

in patients with known CAD, remains a clinically

relevant percentage of patients tested for an important

diagnostic screening test.

CONCLUSIONS

Our study of patients who underwent a clinically

indicated stress MPI at two large academic nuclear

cardiology laboratories between 1996 and 2012 confirms

the decrease in the detection of CAD from MPI although

not to the extent reported previously. Concurrently, there

was also a decrease in the incidence and extent of

obstructive epicardial CAD on coronary angiographies

performed during the same time period. However, the

overall 34% abnormal rate, with 19% in patients with no

known CAD and 65% in patients with known CAD,

remains a clinically relevant percentage of patients

tested and similar to other major disease states like the

23% positive rate seen for pulmonary emboli in the

PIOPED II study.19 But with a declining prevalence of

abnormal results, it is prudent to maximize the cost-

effectiveness of non-invasive approaches in the assess-

ment of patients with suspected CAD. Solutions may

include re-evaluation of pre-test risk stratification, wider

use of exercise stress testing without imaging, and the

use of stress-only imaging (with concomitant radiation

dose reduction and cost savings).
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