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Background. The use ofmyocardial perfusion imaging (MPI) in themanagement of coronary
artery disease (CAD) is well established. Although prior studies have shown disparities in the use
of invasive angiography in patients with acute MI, data on factors affecting referral to angiog-
raphy post-MPI are lacking. We sought to evaluate the primary determinants of referral to
invasive angiography post-MPI and specifically assess the role of non-traditional non-clinical
factors such as race/ethnicity, socioeconomic factors, insurance status, and marital status.

Methods. All patients without known CADwho underwent stress SPECTMPI over 15 years
were reviewed and the performance of coronary angiography within 90 days of their MPI was
recorded. Multiple factors were analyzed for an association with referral to angiography,
including exercise and MPI results, baseline demographics, traditional cardiac risk factors, and
non-traditional factors such as ethnicity, insurance, marital and socioeconomic status. In a sec-
ondary analysis, these factors were assessed with regard to abnormal MPI results.

Results. Out of 27,895 total patients, 2,150 (7.7%) underwent invasive coronary angiography.
On multivariate analysis, inpatient location, positive ECG response, and abnormal MPI results
were the strongest predictors of angiography. Non-traditional factors such as race/ethnicity and
insurance status had a significant association with referral to angiography with Caucasians (OR
1.42, 95% CI 1.18-1.71, P < .0001) and those with private insurance (OR 1.35, 95% CI 1.13-1.62,
P = .001) or Medicare (OR 1.30, 95% CI 1.08-1.56, P = .006) having higher rates of angiography
despite controlling for traditional risk factors and test results.

Conclusion. Our study results indicate that non-traditional factors such as race/ethnicity and
insurance status influence patient management decisions and impact the performance of down-
stream cardiac invasive testing after stress MPI. Higher rates of angiography in Caucasians,
privately insured andMedicare patients were seen despite controlling for traditional risk factors
and abnormal test results. Further research is needed to better understand these disparities,
especially in the current healthcare environment. (J Nucl Cardiol 2022;29:1141–55.)
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Abbreviations
ACS Acute coronary syndrome

CAD Coronary artery disease

CABG Coronary artery bypass grafting

PCI Percutaneous coronary intervention

SPECT Single photon emission computed

tomography

MPI Myocardial perfusion imaging

MI Myocardial infarction

CHF Congestive heart failure

SSS Summed Stress Score

SRS Summed Rest Score

SDS Summed Difference Score

INTRODUCTION

The value of myocardial perfusion imaging (MPI)

for diagnosing coronary artery disease (CAD) and the

prognostic utility of perfusion imaging is well estab-

lished.1 Perhaps because of this, the number of stress

tests with MPI has been increasing in the US, with the

proportion of stress tests with imaging growing from

59% of all stress tests in 1993-1995 to 87% in 2008 to

2010.2 Previous studies have shown that MPI results are

the biggest determinant of referral for coronary angiog-

raphy with a strong correlation between increasing

severity and extent of perfusion defects and the rates of

angiography.3-6 Other strong predictors of referral for

angiography include baseline clinical factors, character-

istics of presenting symptoms, previous known CAD,

and the ECG response to exercise stress.3,7

In the non- acute coronary syndrome (ACS) setting,

the understanding of the reasons for referral for angiog-

raphy immediately following MPI is limited. In

particular, the impact of variables such as race/ethnicity,

socioeconomic status, insurance, and marital status on

the decision to refer for cardiac catheterization is not

fully understood and the degree to which these factors

may contribute to referral bias remains undetermined.

Prior studies have documented lower rates of cardiac

catheterization in ethnic minority patients hospitalized

for acute myocardial infarction (MI).8-10 A large cross-

sectional analysis of 669,002 patients hospitalized with

acute MI demonstrated that African American patients

are significantly less likely to undergo coronary angiog-

raphy compared to Caucasian and Hispanic patients.10

Other studies have observed lower rates of referral for

angiography in African American patients as well as less

frequent stress testing and revascularization than Cau-

casian patients.11,12 Cardiac catheterization rates have

also been shown to be lower in publicly insured patients

hospitalized for chest pain as well as in elderly Medicaid

patients with unstable angina.8,13

Although these disparities have been observed in

patients with acute MI or suspected ACS, there is

limited knowledge on whether such non-clinical factors

affect referral for angiography following the perfor-

mance of non-invasive cardiac stress testing. Previous

studies have shown gender differences in referral pat-

terns to angiography after MPI (with women being less

likely than men to undergo angiography), while other

investigations have failed to show significant differences

in referral rates on the basis of gender.14-17 Thus,

multiple studies have indicated disparities in overall

angiography rates based on race/ethnicity and insurance

coverage in patients presenting with ACS but less is

known about referral bias following elective non-inva-

sive testing. Accordingly, our study was conducted in

order to investigate the principal determinants of referral

for coronary angiography following SPECT MPI in

patients with no prior CAD, and to assess whether non-

traditional factors such as race, marital status, insurance,

and socioeconomic status have an impact on down-

stream decision-making.

METHODS

Patient Population

In a retrospective study approved by our Institutional

Review Board, we reviewed all patients who underwent a

clinically indicated stress SPECT MPI from 10/1/1997 to 8/1/

2012 at Hartford Hospital, a 900-bed urban teaching hospital.

Patients who underwent invasive coronary angiography within

90 days of SPECT MPI were identified. Patients with known

coronary artery disease at the time of stress testing were

excluded. Studies were performed for a variety of clinical

indications as directed by the requesting provider and included

both inpatient and outpatient studies. Data from stress testing

and coronary angiography were available from prospectively

collected electronic cardiology databases.

Patient demographic information, cardiac risk factors,

past cardiac history, medications, hemodynamic data, and

stress test results were prospectively collected at the time of

the stress testing. CAD risk factors including hypertension,

diabetes, and hypercholesterolemia were defined on the basis

of patient history or medical record documentation. A family

history of premature CAD was defined as a CAD diagnosis in a

first degree relative B 55 years of age. Smoking history was

considered positive for either prior or current smoking.

Patients were labeled as having known CAD at the time of

testing if their medical history included any of the following:

prior abnormal stress test, history of MI, percutaneous coro-

nary intervention (PCI), coronary artery bypass grafting

(CABG), or prior coronary angiography demonstrating evi-

dence of atherosclerotic disease. Congestive heart failure

See related editorial, pp. 1156–1158

1142 Gowdar et al Journal of Nuclear Cardiology�
Coronary angiography post MPI May/June 2022



(CHF) was defined based on patient report or documented

history of systolic or diastolic heart failure.

Data about non-traditional factors were prospectively

collected at the time of stress testing. Race and marital status

were self-reported. Insurance status was defined as the

patient’s primary insurance at the time of stress testing.

Socioeconomic status was defined by the median household

income by zip code using patients’ address of residence at the

time of stress testing.18

Stress Protocols

Stress MPI was performed according to the American

Society of Nuclear Cardiology (ASNC) protocols under the

supervision of a board certified cardiologist.19 Patients were

instructed to fast for at least 4 hours prior to the stress test and

avoid consumption of any product containing methylxanthines

for at least 12 hours prior to the stress test. Symptom limited

exercise stress testing with standard Bruce or modified Bruce

protocol was performed, according to American Heart Asso-

ciation guidelines.20 Pharmacological stress agents used

included adenosine, dipyridamole, regadenoson, or dobu-

tamine. Adenosine was administered as a 6-minute infusion

at 140 mcg�kg-1�minute-1 which could be reduced to

110 mcg�kg-1�minute-1 if severe symptoms or hemodynamic

effects were encountered. Dipyridamole was infused over

4 minutes at a dose of 0.56 mg�kg-1. Regadenoson was

administered as a 0.4 mg/5 ml bolus followed by a 5-ml

saline flush. Dobutamine was infused starting at 5-10

lcg�kg-1�minute-1, and incrementally increased every 3 min-

utes by 10 lcg�kg-1�minute-1 to a maximum of 40

lcg�kg-1�minute-1 until attainment of[ 85% of maximal

predicted heart rate. In patients unable to achieve target heart

rate on dobutamine alone, atropine 0.2-0.5 mg in divided doses

up to a maximum of 2 mg was administered. ECG tracings

were continuously monitored during the stress tests, with

recording of a 12 lead ECG and blood pressure at rest, every 2-

3 minutes during stress, and during recovery. Development of

any arrhythmia, ST segment changes, or symptoms was

recorded. A positive ECG response to stress was defined as

1 mm or greater horizontal or downsloping ST segment, or

1.5 mm or greater upsloping ST depression, that persisted

80msec after the J point, for three consecutive beats in any

lead. ECG changes that approached but did not meet these

criteria were noted as borderline at the discretion of the

interpreting physician. The ECG response was considered non-

diagnostic in the presence of a left bundle branch block, wide

right bundle branch block, paced ventricular rhythm, left

ventricular hypertrophy with strain pattern, or extensive resting

ST changes.

SPECT Imaging

SPECT perfusion images were obtained according to the

ASNC guidelines.21 SPECT imaging was performed using a

conventional dual head Na I camera (Cardio 60 or Cardio MD,

Philips/ADAC Laboratories, Andover, MA USA). Attenuation

correction with a Gd-153 line source (Vantage Pro, Philips/

ADAC) was used when available. Radioisotope doses were

weight-adjusted.

Interpretation of MPI was performed by board certified

nuclear cardiologists. The extent and severity of perfusion

defects were quantified at the time of the clinical read using the

standard 17 myocardial segment model, with each segment

scored using a 5 point scale (0 = normal tracer uptake,

1 = mildly reduced tracer uptake, 2 = moderately reduced

tracer uptake, 3 = severely reduced tracer uptake and 4 = ab-

sent tracer uptake). Myocardial perfusion was assessed using

Summed Stress Score (SSS), Summed Rest Score (SRS) and

Summed Difference Score (SDS). Using the 5 point scale, SSS

is the sum of all the 17 myocardial segments points at stress,

SRS is the sum at rest, and SDS is the difference between SSS

and SRS. An abnormal MPI result was defined as a summed

stress score (SSS) C 4. Results of MPI were further stratified

by SSS, into normal perfusion (SSS B 3), mildly abnormal

(SSS = 4-8), moderately abnormal (SSS = 9-13), and severely

abnormal (SSS C 14). Semi-quantitative perfusion results

were reported based on non-attenuation corrected images as

attenuation correction was not universally available over the

time period studied.

Coronary Angiography

The decision for referral for coronary angiography was

clinically driven by the treating clinical cardiologist. Results of

invasive coronary angiography performed within 90 days after

the MPI study were obtained and recorded. Interpretation of

coronary angiograms was done by board certified interven-

tional cardiologists and quantified at the time of the clinical

read. Obstructive CAD was defined as C 70% stenosis in any

of the three main epicardial coronary arteries or their major

branches or C 50% stenosis of the left main coronary artery.

Atherosclerosis with luminal narrowing\ 50% of the left

main coronary artery and\ 70% of a major epicardial vessel

or branch was considered as nonobstructive CAD. No angio-

graphic evidence of atherosclerosis was labeled as normal

coronary arteries.

End Points

The primary endpoint was defined as referral for angiog-

raphy following stress SPECT MPI. Traditional demographic

and cardiac risk factors as well as non-traditional factors

including gender, ethnicity, insurance type, marital, and

socioeconomic status were included in the analysis as potential

factors influencing referral to angiography. A secondary

analysis assessed how the traditional and non-traditional

factors were associated with abnormal MPI results.

Statistical Analysis

Continuous variables are reported as mean ± standard

deviation and categorical data as percentages. Means of

continuous variables were compared using a two-tailed t-test

or one-way ANOVA. Chi-square test or Fisher’s exact test for

small sample sizes were employed for categorical variables.

Journal of Nuclear Cardiology� Gowdar et al 1143

Volume 29, Number 3;1141–55 Coronary angiography post MPI



Table 1. Baseline demographic and clinical characteristics of patients undergoing stress SPECT MPI,
with and without subsequent performance of coronary angiography

All patients
N = 27,895

No angiogram
N = 25,745

Angiogram
N = 2,150 P value

Age (years) 60.7 ± 13.5 60.6 ± 13.6 62.3 ± 12.7 \.0001

Gender

Male 12,517 (45.1%) 11,262 (44.0%) 1,255 (58.4%) \.0001

Female 15,221 (54.9%) 14,326 (56.0%) 895 (41.6%)

Height (in) 65.9 ± 4.3 65.8 ± 4.3 66.6 ± 4.3 \.0001

Weight (lbs) 185.1 ± 50.0 184.4 ± 49.9 192.8 ± 51.0 \.0001

BMI (kg/m2) 30.0 ± 7.4 29.9 ± 7.4 30.6 ± 7.4 \.0001

Cardiac risk factors

Diabetes 6,367 (27.9%) 5,705 (27.6%) 662 (30.9%) .001

Hyperlipidemia 12,338 (49.6%) 11,277 (49.4%) 1,061 (52.2%) .016

Hypertension 15,373 (61.4%) 14,020 (61.0%) 1,353 (66.6%) \.0001

Smoking 8,673 (37.9%) 7,865 (37.5%) 808 (41.6%) .0004

Family h/o CAD 9,179 (39.0%) 8,456 (39.2%) 723 (37.2%) .09

Race/ethnicity

Caucasian 19,381 (69.7%) 17,825 (69.3%) 1,556 (73.9%) \.0001

African American 2,830 (10.2%) 2,603 (10.1%) 227 (10.8%) .05

Hispanic 4,376 (15.7%) 4,084 (15.9%) 292 (13.9%) .24

Other 1,087 (3.9%) 1,064 (4.1%) 23 (1.1%) \.0001

Marital status

Married 15,095 (54.2%) 13,931 (54.2%) 1,164 (54.1%) .99

Divorced 3,366 (12.1%) 3,112 (12.1%) 254 (11.8%) .72

Widowed 4,182 (15.0%) 3,846 (15.0%) 336 (15.6%) .42

Single 5,223 (18.7%) 4,827 (18.8%) 396 (18.7%) .71

Insurance

Private 11,678 (46.0%) 10,826 (46.3%) 852 (42.1%) .0003

Medicare 9,072 (35.7%) 8,247 (35.3%) 825 (40.8%) \.0001

Medicaid 3,331 (13.1%) 3,082 (13.2%) 249 (12.3%) .28

None 1,318 (5.2%) 1,222 (5.2%) 96 (4.7%) .38

Socioeconomic status

Median household income* $64,900 ± $31,927 $64,909 ± $31,959 $64,797 ± $31,558 .88

Patient location \.0001

Inpatient 11,209 (52.4%) 10,129 (51.7%) 1,080 (59.6%)

Outpatient 10,193 (47.6%) 9,462 (48.3%) 731 (40.4%)

Stressor \.0001

Exercise 13,783 (49.4%) 12,947 (50.3%) 836 (38.9%)

Pharmacologic 14,112 (50.6%) 12,798 (49.7%) 1,314 (61.1%)

Study results

ECG

Negative 13,221 (49.8%) 12,630 (51.6%) 591 (28.2%) \.0001

Positive 4,043 (15.2%) 3,341 (13.7%) 702 (33.5%) \.0001

Borderline 1,369 (5.2%) 1,274 (5.2%) 95 (4.5%) .20

Non-diagnostic 7,927 (29.8%) 7,221 (29.5%) 706 (33.7%) \.0001

MPI

Normal 22,795 (81.7%) 22,341 (86.8%) 454 (21.1%) \.0001

Abnormal 5,100 (18.3%) 3,404 (13.2%) 1,696 (78.9%) \.0001

1144 Gowdar et al Journal of Nuclear Cardiology�
Coronary angiography post MPI May/June 2022



Univariate and multivariate logistic regression analysis of

variables associated with referral for angiography were per-

formed. Variables with a P value B .10 in the univariate

analysis were included in the multivariate analysis. A P
value B .05 was considered significant. SPSS 25 (IBM,

Armonk, NY USA) was used for statistical analysis.

RESULTS

Demographic Comparison

A total of 27,895 patients without known CAD who

underwent exercise or pharmacological stress MPI

during the specified time period were analyzed

(Table 1). The mean age of all patients was

60.7 ± 13.5 years, 54.9% were women, and inpatients

accounted for a slight majority of the total (52.4%).

Hypertension (61.4%) and hyperlipidemia (49.6%) were

the most common traditional CAD risk factors. A

greater proportion of the patients were Caucasian

(69.7%), married (54.2%), and had private insurance

(46.0%). African American and Hispanic minorities

accounted for 10.2% and 15.7% of the population,

respectively. Out of the total patient cohort 49.4%

underwent exercise stress and positive ECG responses

were seen in 15.2% of all patients. Abnormal MPI

results were observed in 18.3%, 12.9% had mildly

abnormal MPI (SSS 4-8), 3.0% demonstrated moder-

ately abnormal MPI (SSS 8-13), and 2.0% had severely

abnormal MPI (SSS C 14) results.

Out of the entire study cohort, 2,150 patients (7.7%)

underwent invasive coronary angiography (Table 1).

Patients who underwent angiography were older had a

greater proportion of men and had a greater burden of

traditional cardiac risk factors except family history.

Patients who underwent pharmacologic stress tests and

inpatients were more likely to undergo angiography.

Those undergoing angiography had larger and more

severe perfusion defects and a greater degree of

ischemia than patients who did not. The SSS

(7.3 ± 6.3, vs 1.5 ± 2.9, P\ .0001), SRS (2.6 ± 4.6 vs

1.0 ± 2.5, P\ .0001), and SDS (4.3 ± 4.9 vs 0.6 ± 1.7),

were all higher in the angiography cohort compared to

those who did not undergo angiography. Interestingly,

454 normal MPI studies (1.6% of the total population)

underwent coronary angiography and 3,404 abnormal

MPI studies (12.2% of the total population) did not

undergo coronary angiography. The mean left ventric-

ular ejection fraction was lower, but still normal, among

patients undergoing angiography, 56% ± 13% compared

to 64% ± 9% in the no angiography group.

With regard to the non-traditional factors evaluated,

the percentage of the Caucasian population in the

angiography cohort was significantly higher compared

to the non-angiography cohort (73.9% vs 69.3%,

P\ .0001), while there was no significant difference

for African Americans and Hispanics. There were also

significant differences in privately insured and Medicare

patients between those who were referred for angiogra-

phy compared to those who were not referred. A greater

proportion of Medicare patients were found in the

angiography cohort (40.8% vs 35.3%, P\ .0001) and a

smaller proportion of private patients were present

(42.1% vs 46.3%, P = .0003). There was no significant

difference in marital status or median household income

with regard to angiography.

Univariate and Multivariate Association
to Referral for Angiography

Logistic regression univariate analysis found

advancing age, male gender, obesity, all traditional

cardiac risk factors except family history of CAD,

inpatient status, and pharmacologic stress all had a

significant association with increased referrals for

angiography (Table 2). Univariate analysis

Table 1 continued

All patients
N = 27,895

No angiogram
N = 25,745

Angiogram
N = 2,150

P value

SSS 1.9 ± 3.6 1.5 ± 2.9 7.3 ± 6.3 \.0001

SSS

Normal (B 3) 21,138 (82.1%) 20,582 (85.9%) 556 (30.9%) \.0001

Mild (4–8) 3,321 (12.9%) 2,675 (11.2%) 646 (35.8%) \.0001

Moderate (8-13%) 780 (3.0%) 439 (1.8%) 341 (18.9%) \.0001

Severe ([13) 516 (2.0%) 257 (1.1%) 259 (14.4%) \.0001

SRS 1.1 ± 2.8 1.0 ± 2.5 2.6 ± 4.6 \.0001

SDS 0.9 ± 2.3 0.6 ± 1.7 4.3 ± 4.9 \.0001

EF 63% ± 10 64% ± 9% 56% ± 13% \.0001

*Median Household Income based on zip code

Journal of Nuclear Cardiology� Gowdar et al 1145

Volume 29, Number 3;1141–55 Coronary angiography post MPI



Table 2. Univariate and multivariate logistic regression analysis of variables associated with referral to
coronary angiography after MPI

Univariate Multivariate

Chi-
square OR (95% CI) P value

Chi-
square OR (95% CI) P value

Age (years) 31.4 1.01 (1.01–1.01) \.0001 11.2 0.99 (0.98–0.99) .001

Gender

Male 161.6 1.78 (1.63–1.95) \.0001 1.0 1.10 (0.92–1.31) .31

Female 161.6 0.56 (0.51–0.61) \.0001 1.0

Height (in) 54.9 1.04 (1.03–1.05) \.0001 0.17 1.0 (0.97–1.02) .68

Weight (lbs) 54.0 1.01 (1.01–1.01) \.0001 0.35 1.0 (0.99–1.01) .55

BMI (kg/m2) 17.1 1.01 (1.01–1.02) \.0001 – – –

Cardiac risk factors

Diabetes 45.7 1.41 (1.28–1.56) \.0001 5.0 1.18 (1.02–1.36) .03

Hyperlipidemia 5.9 1.1 (1.02–1.23) .02 4.4 1.15 (1.01–1.31) .04

Hypertension 25.1 1.28 (1.16–1.41) \.0001 1.4 1.09 (0.95–1.25) .23

Smoking 12.8 1.19 (1.08–1.31) \.0001 1.8 1.09 (0.96–1.25) .18

Family h/o CAD 2.9 0.92 (0.84–1.01) .09 8.2 1.22 (1.06–1.40) .004

Race/ethnicity

Caucasian 9.2 1.16 (1.06–1.28) .002 14.0 1.42 (1.18–1.71) \.0001

African American 0.44 1.05 (0.91–1.21) .51 – – –

Hispanic 7.8 0.83 (0.73–0.95) .005 0.89 1.12 (0.89–1.42) .35

Marital status

Married 0.001 1.00 (0.92–1.09) .98 – – –

Divorced 0.14 0.97 (0.85–1.12) .71 – – –

Widowed 0.74 1.06 (0.93–1.19) .39 – – –

Single 0.14 0.98 (0.87–1.10) .71 – – –

Insurance

Private 4.8 0.91 (0.83–0.99) .03 11.0 1.35 (1.13–1.62) .001

Medicare 36.1 1.32 (1.21–1.45) \.0001 7.5 1.30 (1.08–1.56) .006

Medicaid 0.29 0.96 (0.84–1.11) .59 – – –

None 0.35 0.94 (0.76–1.16) .56 – – –

Socioeconomic status

Median household

income*

0.02 1.0 (1.0–1.0) .88 – – –

Patient location

Inpatient 41.5 1.38 (1.25–1.52) \.0001 44.5 1.56 (1.37–1.77) \.0001

Outpatient 41.5 0.73 (0.66–0.80) \.0001

Stressor

Exercise 101.8 0.63 (0.575–0.69) \.0001 1.0

Pharmacologic 101.8 1.59 (1.45–1.74) \.0001 1.5 1.10 (0.94–1.29) .23

Study results

ECG

Negative 395.3 0.37 (0.33–0.41) \.0001 12.7 0.58 (0.43–0.78) \.0001

Positive 540.2 3.2 (2.9–3.5) \.0001 38.7 2.6 (1.94–3.55) \.0001

Borderline 1.8 0.87 (0.70–1.07) .18 – – –

Non-diagnostic 16.2 1.2 (1.11–1.34) \.0001 4.6 0.72 (0.53–0.97) .03

MPI

Normal 3270 0.04 (0.04–0.05) \.0001 1.0

Abnormal 3270 24.5 (22.0–27.4) \.0001 1746 26.7 (22.9–31.1) \.0001
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demonstrated that a positive ECG response to stress (OR

3.2, 95% CI 2.9-3.5, P\ .0001) and a non-diagnostic

response (OR 1.2, 95% CI 1.1-1.3, P\ .0001) resulted

in increased referral to cardiac catheterization. Abnor-

mal MPI findings resulted in increased referral to

cardiac catheterization, with an odds ratio of 24.5

(95% CI 22.0-27.4, P\ .0001). The likelihood of

angiography increased with increasing severity of MPI

abnormalities, with odds ratios of 9.0, 28.8, and 37.4 for

mild, moderate, and severely abnormal MPI, respec-

tively (P\ .0001). The extent of stress perfusion

abnormalities as measured by SSS (OR 1.29, 95% CI

1.28-1.31) and ischemic burden as assessed by SDS (OR

1.47, 95% CI 1.44-1.49) both had a significant associ-

ation with increased rates of angiography (P\ .0001).

Lower left ventricular ejection fraction was also found

to be associated with referral to angiography

(P\ .0001).

With respect to the non-traditional risk factors,

univariate analysis revealed that Caucasian patients

were more likely to undergo angiography (OR 1.16,

95% CI 1.06-1.28, P = .002) and Hispanic patients less

likely (OR 0.83, 95% CI 0.73-0.95, P = .005). African

American race was not statistically significantly associ-

ated with the referral to coronary angiography. Medicare

patients were referred for angiography more often (OR

1.32, 95% CI 1.21-1.45, P\ .0001) and private insur-

ance less often (OR 0.91, 95% CI 0.83-0.99, P = .03).

Marital status and socioeconomic status were not sig-

nificantly associated with angiography referral rates.

After multivariate adjustment including all univari-

ate predictors with a P value\ .1, traditional risk

factors of diabetes mellitus and hyperlipidemia

remained significantly associated with referral to

angiography while gender and weight lost significance

(Figure 1). Age, interestingly, lost strength of associa-

tion with a decrease in Chi-square and the OR point

estimate dropped below 1 making advanced age protec-

tive in the multivariate model. Inpatient status remained

predictive of angiography while pharmacologic stress

lost statistical significance. Positive ECG responses and

abnormal MPI results continued to have strong associ-

ations with angiography, with odds ratios of 2.6 (95% CI

1.94-3.55, P\ .001) and 26.7 (95% CI 22.9-31.1,

P\ .0001), respectively. After multivariate adjustment,

race/ethnicity and insurance status retained a significant

association with the likelihood of angiography. Cau-

casian patients were more likely to undergo angiography

(OR 1.42, 95% CI 1.18-1.71, P\ .0001) and Hispanic

race/ethnicity lost any statistically significant associa-

tion. Both Medicare and private insurance patients were

more likely to undergo angiograms (OR 1.30, 95% CI

1.08-1.56, P = .006 and OR 1.35, 95% CI 1.13-1,62,

P = .001).

Interaction of ECG and MPI Results

Analysis of patients based on MPI results finds

similarities between patients with abnormal MPI and

those undergoing angiography, but not complete agree-

ment (Table 3). Traditional cardiac risk factors,

inpatient location, pharmacologic stress, and abnormal

study results were all more prevalent in patients with

abnormal MPI results as expected. There was no

difference in the proportion of Caucasians based on

MPI results while African Americans were more preva-

lent and Hispanics less prevalent in the abnormal MPI

group. Marital status, including married and widowed

status, showed differences based on perfusion results as

did private insurance and Medicare.

Table 2. continued

Univariate Multivariate

Chi-
square OR (95% CI) P value

Chi-
square OR (95% CI) P value

SSS 1.29 (1.28–1.31) \.0001 – – –

SSS

Normal (\4) 1.0 – – –

Mild (4–8) 9.0 (7.9–10.1) \.0001 – – –

Moderate (8–13) 28.8 (24.4–34.0) \.0001 – – –

Severe ([13) 37.4 (30.8–45.3) \.0001 – – –

SRS 1.14 (1.12–1.15) \.0001 – – –

SDS 1.47 (1.44–1.49) \.0001 – – –

EF 898.5 0.94 (0.94–0.95) \.0001 0.71 1.0 (0.99–1.01) .40

*Median Household Income based on zip code
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The univariate and multivariate logistic regression

analysis of variables predicting an abnormal MPI result

can be seen in Supplemental Table 1. In the multivariate

analysis, traditional factors such as age, gender, and

diabetes along with inpatient status, pharmacologic

stress, and abnormal ECG results were statistically

significantly associated with abnormal MPI results

similar to the angiography analysis. Differences were

seen with race/ethnicity with no association found with

Caucasians but Hispanics being less likely to have an

abnormal MPI study (OR 0.71, 95% CI 0.62-0.82,

P\ .0001). Only Medicare patients were associated

with MPI results (OR 1.42, 95% CI 1.19-1.69,

P\ .0001), similar to angiographic referral without an

association with private insurance. Marital status

showed no association to MPI results after multivariate

correction which corresponded to its angiography

findings.

As referral to invasive angiography was most

strongly related to stress test results, the interaction of

MPI, stress ECG results, and non-traditional variables

were explored (Figures 2A-D). Among patients with

Figure 1. Odds Ratios for the association of traditional and non-traditional factors to referral for invasive coronary angiography.
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Table 3. Baseline demographic and clinical characteristics of patients undergoing stress SPECT MPI
segregated by perfusion results

Normal MPI
N = 22,795

Abnormal MPI
N = 5,100 P value

Age (years) 59.9 ± 13.4 64.2 ± 13.6 \.0001

Gender

Male 9,454 (41.7%) 3,063 (60.2%)

Female 13,194 (58.3%) 2,027 (39.8%) \.0001

Height (in) 65.7 ± 4.3 66.7 ± 4.3 \.0001

Weight (lbs) 182.9 ± 48.1 194.8 ± 56.8 \.0001

BMI (kg/m2) 29.8 ± 7.2 30.8 ± 8.2 \.0001

Cardiac risk factors

Diabetes 4,772 (26.1%) 1,595 (37.1%) \.0001

Hyperlipidemia 10,042 (49.7%) 2,296 (49.5%) .79

Hypertension 12,123 (59.6%) 3,250 (69.2%) \.0001

Smoking 6,895 (37.2%) 1,778 (40.7%) \.0001

Family h/o CAD 7,743 (40.4%) 1,436 (32.7%) \.0001

Race/ethnicity

Caucasian 15,813 (69.5%) 3,568 (70.5%) .18

African American 2,172 (9.5%) 658 (13.0%) \.0001

Hispanic 3,688 (16.2%) 688 (13.6%) \.0001

Other 957 (4.2%) 130 (2.6%) \.0001

Marital status

Married 12,531 (55.0%) 2,564 (50.3%) \.0001

Divorced 2,763 (12.1%) 603 (11.8%) .56

Widowed 3,267 (14.3%) 915 (17.9%) \.0001

Single 4,207 (18.5%) 1,016 (19.9%) .02

Insurance

Private 10,032 (48.5%) 1,646 (34.8%) \.0001

Medicare 6,860 (33.2%) 2,212 (46.7%) \.0001

Medicaid 2,684 (13.0%) 647 (13.7%) .22

None 1,088 (5.3%) 230 (4.9%) .27

Socioeconomic status

Median household income* $65,304 ± $31,992 $63,136 ± $31,582 \.0001

Patient location \.0001

Inpatient 8,889 (51.2%) 2,320 (57.2%)

Outpatient 8,457 (48.8%) 1,736 (42.8%)

Stressor \.0001

Exercise 12,139 (53.3%) 1,644 (32.2%)

Pharmacologic 10,656 (46.8%) 3,456 (67.8%)

Study results

ECG

Negative 11,583 (53.4%) 1,638 (33.7%) \.0001

Positive 3,063 (14.1%) 980 (20.2%) \.0001

Borderline 1,158 (5.3%) 211 (4.3%) .005

Non-diagnostic 5,892 (27.2%) 2,035 (41.8%) \.0001

Perfusion Score

SSS 0.9 ± 1.7 7.9 ± 5.6 \.0001

SRS 0.6 ± 1.5 3.1 ± 4.9 \.0001

SDS 0.4 ± 1.2 3.4 ± 4.2 \.0001
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normal MPI results (SSS\ 4) only 2.6% underwent

angiography, compared to 19.5%, 43.7% and 50.2%

with mildly abnormal (SSS 4-8), moderately abnormal

(SSS 9-13), and severely abnormal (SSS C 14) MPI

results, respectively (P\ .0001). Results in Figure 2A

demonstrate that a positive ECG response during stress

resulted in more frequent referrals to angiography with

any degree of MPI findings (normal or mild, moderate,

and severely abnormal MPI results), compared to

negative, borderline, or non-diagnostic ECG responses

to stress (P\ 0.0001). Figure 2B indicates that in

patients with moderately abnormal or severely abnormal

MPI results, those with private insurance or no insurance

were referred more frequently for coronary angiography

compared to patients receiving Medicaid and Medicare.

The Chi-square for independence for all moderate and

severely abnormal perfusion was P = .001 and

P\ .0001. As demonstrated in Figure 2C, there was a

trend for Caucasian patients to undergo angiography

more frequently with any degree of abnormal MPI

results. This finding only reached statistical significance

in the mildly abnormal MPI group (P\ .0001). Married

patients with mild, moderate, or severely abnormal MPI

findings had higher rates of coronary angiography

Table 3 continued

Normal MPI
N = 22,795

Abnormal MPI
N = 5,100

P value

EF 65% ± 7% 53% ± 14% \.0001

*Median Household Income based on zip code

Figure 2. (A) The effect of the interaction of stress ECG results and MPI results on referral to coronary angiography. (B) The effect
of the interaction of insurance status and MPI results on referral to coronary angiography. (C) The effect of the interaction of race/
ethnicity and MPI results on referral to coronary angiography. (D) The effect of the interaction of marital status and MPI results on
referral to coronary angiography.
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compared to single or widowed patients (Figure 1D).

This difference reached statistical significance in the

mild group (P = .04) and severe group (P = .0003).

The results of the stress test, a surrogate for the

prevalence of CAD, did not vary greatly based on race/

ethnicity, marital status, or insurance type (Supplemen-

tal Table 2A-C). A positive ECG was seen in 10-17% of

patients in these subgroups and in 15.2% of the total

population, while an abnormal MPI result was seen in

12-24% and in 18% of the total population. Thus, it

would seem that much of the variation in referral

patterns within the non-traditional populations studied

stems from factors not related to CAD or test results.

Medicare and private insurance were the only insurance

types with a significant association with angiography in

the multivariate analysis and they both had a greater

proportion of Caucasian patients who were also more

likely to undergo angiography in the multivariate

analysis. While there were more widowed patients in

the Medicare cohort and more married patients in the

private insurance cohort, marital status was not signif-

icantly associated with referral to coronary angiography.

In African American and Hispanic patients who were

less likely to undergo angiography in the multivariate

model, there were more Medicaid patients (who tended

not to go for angiography) and fewer private insurance

and Medicare patients, a trend which was particularly

true in the Hispanic population. These cohorts again had

more single patients and fewer married patients.

Interaction of Time Period

The study duration was divided into three time

periods of approximately 5 years each and the changes

in traditional and non-traditional factors analyzed

(Table 4). Clinically significant increases in the burden

of traditional cardiac risk factors were seen over time

without meaningful changes in age or gender propor-

tions. Although statistically significant, the proportions

of race/ethnic groups and marital status did not mean-

ingfully change over time. Fluctuations were seen in the

proportions of insurance over time with a trend toward

more Medicare and less Medicaid over time. In addition,

the referral rates to coronary angiography were assessed

on a yearly basis showing an average referral rate of

7.7% (Figure 3). There was an initial trend toward

decreasing rates of referral in the first decade and then a

slight increase in the last 5 years.

DISCUSSION

This study population confirms many previous

findings such as the overall rates of angiography among

patients undergoing non-invasive testing (19.5%, 43.7%

and 50.2% for mild, moderate, and severely abnormal

studies), as well as the ECG response to stress and MPI

findings as the strongest predictors of referral for

angiography.1,3-6 Previously seen gender disparities

were not replicated - while male gender was associated

with increased angiography referral in the univariate

analysis, statistical significance was lost in the multi-

variate model.22 This study adds to this basic foundation

by demonstrating differential rates of angiography based

on race/ethnicity and insurance status following stress

MPI. These factors were independently associated with

referral for angiography, even after adjustment for other

demographics, clinical risk factors and exercise stress

test results. Furthermore, these disparities persisted

regardless of the severity of the MPI findings and were

observed even in those patients with moderately and

severely abnormal MPI results. The management of

patients with significant ischemia is of course in flux

with the results of the recently released ISCHEMIA trial

and the impacts of non-traditional risk factors are yet to

be seen.23

Of particular interest in our study was the investi-

gation of whether non-traditional, non-clinical factors

influenced coronary angiography referral rates above

and beyond traditional cardiac risk factors, ECG results,

and MPI findings. After multivariate adjustment, race/

ethnicity remained significantly associated with referral

for angiography, with Caucasians being 42% more

likely to undergo angiography (OR 1.42) while African

American and Hispanic race/ethnicity not being signif-

icantly associated with angiography. This was also seen

regardless of the degree of perfusion abnormalities on

MPI, with African Americans and Hispanics being less

likely to undergo angiography with any degree of

abnormal MPI results. These findings are similar to prior

studies which have shown racial differences in angiog-

raphy rates in ethnic minority patients hospitalized for

acute MI.8-10 We found different distributions of insur-

ance coverage and marital status among ethnic groups

while other possible contributing patient factors were

not investigated including educational status, patient

preferences, and negative attitudes toward invasive

testing. Most studies suggest patient preference or

patient refusal seem to account for only a small part of

racial and gender differences in angiography rates.24-26

A previous study of 7,927 patients in three different

community hospitals showed that after controlling for

multiple factors, race was a significant negative deter-

minant of referral for angiography, with African

American patients less likely to be referred.12 However,

once referral for angiography was made, there were no

racial differences in undergoing the procedure, with

African American patients being as likely to have

angiography as Caucasian patients. An earlier review of
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Table 4. Baseline demographic and clinical characteristics of patients undergoing stress SPECT MPI
during three time periods studied

1997–2002
N = 7,718

2003–2007
N = 10,524

2008–2012
N = 9,653 P value

Age (years) 60.2 ± 13.9 60.3 ± 13.6 61.5 ± 13.0 \.0001

Gender

Male 3,411 (44.2%) 4,644 (44.6%) 4,462 (46.5%) .005

Female 4,307 (55.8%) 5,770 (55.4%) 5,144 (53.5%)

Height (in) 65.7 ± 4.3 65.8 ± 4.3 66.1 ± 4.3 \.0001

Weight (lbs) 180.3 ± 46.4 185.8 ± 50.8 188.2 ± 51.7 \.0001

BMI (kg/m2) 29.4 ± 7.0 30.1 ± 7.5 30.3 ± 7.6 \.0001

Cardiac risk factors

Diabetes 1,695 (22.1%) 2,470 (29.7%) 2,202 (33.3%) \.0001

Hyperlipidemia 2,819 (36.7%) 4,702 (51.6%) 4,817 (59.8%) \.0001

Hypertension 4,043 (52.4%) 5,812 (63.3%) 5,518 (67.8%) \.0001

Smoking 2,286 (29.7%) 3,595 (43.1%) 2,792 (40.5%) \.0001

Family h/o CAD 2,632 (34.2%) 3,562 (41.1%) 2,985 (41.6%) \.0001

Race/ethnicity

Caucasian 5,515 (71.5%) 7,292 (69.3%) 6,574 (68.1%) \.0001

African American 700 (9.1%) 1,107 (10.5%) 1,023 (10.6%) .001

Hispanic 1,272 (16.5%) 1,630 (15.5%) 1,474 (15.3%) .07

Other 208 (2.7%) 399 (3.8%) 480 (5.0%) \.0001

Marital status

Married 4,045 (52.4%) 5,718 (54.3%) 5,332 (55.2%) .001

Divorced 919 (11.9%) 1,232 (11.7%) 1,215 (12.6%) .14

Widowed 1,449 (18.8%) 1,569 (14.9%) 1,164 (12.1%) \.0001

Single 1,305 (16.9%) 1.985 (18.9%) 1,933 (20.0%) \.0001

Insurance

Private 3,443 (44.6%) 3,884 (36.9%) 4,351 (45.1%) \.0001

Medicare 2,400 (31.1%) 3,070 (29.2%) 3,602 (37.3%) \.0001

Medicaid 1,386 (18.0%) 854 (8.1%) 1,091 (11.3%) \.0001

None 406 (5.3%) 475 (4.5%) 437 (4.5%) .03

Socioeconomic status

Median household income* n/a n/a n/a

Patient location \.0001

Inpatient 3,000 (41.7%) 3,958 (49.8%) 4,251 (67.9%)

Outpatient 4,193 (58.3%) 3,989 (50.2%) 2,011 (32.1%)

Stressor .007

Exercise 3,769 (48.8%) 5,119 (48.6%) 4,895 (50.7%)

Pharmacologic 3,949 (51.2%) 5,405 (51.4%) 4,758 (49.3%)

Study results

ECG

Negative 3,066 (41.0%) 5,302 (51.3%) 4,853 (55.5%) \.0001

Positive 1,469 (19.6%) 1,543 (14.9%) 1,031 (11.8%) \.0001

Borderline 424 (5.7%) 581 (5.6%) 364 (4.2%) \.0001

Non-diagnostic 2,520 (33.7%) 2,909 (28.1%) 2,498 (28.6%) \.0001

MPI results \.0001

Normal 6,044 (78.3%) 8,853 (84.1%) 7,898 (81.8%)

Abnormal 1,674 (21.7%) 1,671 (15.9%) 1,755 (18.2%)

EF 61% ± 10% 64% ± 10% 64% ± 9% \.0001

* Median Household Income based on zip code
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ethnic differences in myocardial perfusion imaging

found that while there were disparities in absolute

cardiac event rates between ethnic groups despite

similar imaging results, the prognostic ability of perfu-

sion imaging appeared to be consistent and of similar

magnitude across ethnic groups.27

Insurance status proved to be a significant predictor

as private insurance patients were referred for angiog-

raphy 35% more often (OR 1.35) and Medicare patients

30% more (OR 1.30). After stratifying based on severity

of abnormal perfusion, patients with private insurance

with abnormal MPI results had higher rates of angiog-

raphy compared to other insurance categories. While our

data do not provide the capacity to explain these

differences, the financial incentives inherent in perform-

ing procedures have been noted in other similar settings.

Previous literature has demonstrated lower cardiac

catheterization rates in publicly insured patients hospi-

talized for chest pain and in elderly Medicaid patients

with unstable angina.8,13 In a retrospective review of

3,122 patients over 65 years of age hospitalized for

unstable angina in 22 hospitals, these patients underwent

angiography less frequently after adjustment for demo-

graphics, comorbidities, and prior revascularization, but

this finding was not present after adjusting for hospital

characteristics.13 This particular study does come from

data obtained a decade earlier than the current study

which may limit the possible comparisons. Other studies

have demonstrated that angiography was underutilized

in Medicaid patients with otherwise appropriate criteria

to undergo the test.8 Differential rates of angiography

utilization/referral based on geographic variations in

ethnic compositions and socioeconomic status were also

observed in a large study evaluating rates of downstream

testing after stress MPI in 80,676 patients with referral

rates ranging from 3.8% in Los Angeles to 14.8% in St.

Louis.28 Our findings would extend these results to

suggest patients with private insurance and Medicare

have higher rates of angiography, even after risk

stratification with SPECT MPI.

Marital status was not found to have a significant

association with subsequent angiography. This was

demonstrated by the distribution of marital status among

patients with and without subsequent angiography and

based on multivariate analysis. In patients with abnor-

mal MPI studies there was a trend toward married

patients being referred more frequently for angiography

than single, divorced or widowed patients. Possible

reasons for this difference could involve greater under-

standing and shared decision-making on obtaining

angiography with spouses, who might serve as sources

of emotional and psychological support. Other potential

reasons could be that marriage or the presence of

spouses compels a more thorough workup of these

patients, driving downstream testing and referrals to

angiography.29 Other socioeconomic factors such as

income did not have an independent association with

referral for angiography in this cohort.

LIMITATIONS

This was a retrospective study that contains many of

the inherent limitations of such investigations. Although

the sample size was large and spanned a long period of

time, this was a single-center study, so it is unclear if

these results can be generalized to other populations. We

could not evaluate or account for coronary angiography

performed at other hospitals although our medical center

is the largest in the area and one might anticipate that

follow-up testing would be done in the same medical

center as stress testing. The study design did not allow

for assessment of patient preferences, educational status,

physician perceptions about patient’s attitudes toward

angiography, patient compliance, and physician prefer-

ences. Patient refusal of angiography was also not

assessed or accounted for in this study. While presenting

symptoms for stress testing have been shown to be

related to subsequent angiography, these data were not

reliably available for our cohort, nor were data on

preceding acute coronary syndromes. Acute chest pain

versus more chronic symptoms, pre-operative assess-

ments, and post-MI risk stratification might all have

different thresholds for referral for angiography. The

comparison to previous studies on the topic may not be

directly applicable given the differences in study pop-

ulations and ours as well as the different time periods

assessed. As long-term cardiovascular outcomes were

not assessed, the clinical impact of varying rates of

referral to angiography seen in the different subgroups

could not be ascertained. The socioeconomic status data

likely provided uninterpretable data given paucity in

diversity of the household incomes seen in the study.

Figure 3. The percentage of patients who had coronary
angiography within 90 days after MPI study displayed over
the study period.
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The median household incomes were derived from zip

codes using patients’ address of residence at the time of

stress testing and were based on 2010 US Census data

which might not have been applicable to patients

throughout the study’s time period.

CONCLUSION

Our study results indicate that factors such as race/

ethnicity and insurance influence patient management

decisions after stress testing with perfusion imaging and

impact the performance of downstream cardiac invasive

testing. Although traditional risk factors and abnormal

test results are the strongest predictors of referral to

invasive angiography, non-traditional factors such as

race/ethnicity and insurance status also have an impact

on the clinical decision for referral to angiography,

resulting in higher rates of angiography/stronger asso-

ciation with angiography in Caucasians, privately

insured and Medicare patients despite controlling for

traditional risk factors and abnormal test results. Further

research is needed to better understand these disparities,

especially in the current healthcare environment.

NEW KNOWLEDGE GAINED

This is one of the first studies to specifically

evaluate the influence of non-traditional factors such as

race/ethnicity, insurance status, and marital status on

post-MPI referral rates to angiography. While previously

described factors such as age, traditional cardiac risk

factors, stress ECG findings, and MPI results were again

associated with angiography, this study revealed signif-

icant disparities in angiography referral rates based on

race/ethnic and insurance type regardless of the severity

of abnormal MPI findings. After adjustment for clinical

risk factors and results of exercise stress and MPI

testing, higher rates of angiography were seen in

Caucasians, privately insured and Medicare patients.
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