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Background. The purpose of the present study was to determine whether patients receiving
a stress echocardiogram or myocardial perfusion imaging (MPI) test have differences in sub-
sequent testing and outcomes according to accreditation status of the original testing facility.

Methods and results. An all-payer claims dataset from Maine Health Data Organization
from 2012 to 2014 was utilized to define two cohorts defined by an initial stress echocardiogram
or MPI test. The accreditation status (Intersocietal Accreditation Commission (IAC), American
College of Radiology (ACR) or none) of the facility performing the index test was known.
Descriptive statistics and multivariate regression were used to examine differences in subse-
quent diagnostic testing and cardiac outcomes.
We observed 4603 index stress echocardiograms and 8449MPI tests.Multivariate models showed
higher odds of subsequent MPI testing and hospitalization for angina if the index test was per-
formed at a non-accredited facility in both the stress echocardiogram cohort and theMPI cohort.
We also observed higher odds of percutaneous coronary interventions (PCI) performed (OR 1.68,
95% CI 1.13-2.50), if the initial MPI test was done in a non-accredited facility.

Conclusion. Cardiac testing completed in non-accredited facilities were associated with
higher odds of subsequent MPI testing, hospitalization for angina, and PCI. (J Nucl Cardiol
2021;28:2952–61.)
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CABG Coronary artery bypass grafting

PCI Percutaneous coronary interventions
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BACKGROUND

Accreditation is a process carried out by a recog-

nized independent organization whereby institution and/

or laboratories have an opportunity to demonstrate

competency, commitment to standardization protocols

with self-assessment tools including quality control and

quality improvement, and maintaining accountability.1,2

Retrospective cohort studies have demonstrated the

value of accreditation with regards to clinical care and

practice outcomes in the field of cardiology, vascular

surgery, trauma, and infectious disease.3-11

Brown et al demonstrated that accreditation of

vascular laboratories was associated with more accurate

characterization of carotid artery stenosis. However, this

did not affect the clinical outcomes of patients who then

underwent carotid artery endarterectomy.3 Similarly, in

the field of cardiac echocardiography, Thaden et al

demonstrated that accredited facilities were more likely

to have completed clinical reports including documen-

tation of left and right ventricular size, higher quality

images, and diagnostic color and spectral Doppler

imaging.12 Surveys and cohort studies further showed

that the facility accreditation resulted in improvement in

quality metrics, overall operations, diagnostic study

quality and reporting.3,13–16 Nevertheless, accreditation

status of facilities performing cardiovascular testing

remains variable.17,18 Knowledge gaps include the

relationships between accreditation status, utilization

of diagnostic testing and resources as well as clinical

outcomes.

The purpose of the study was to investigate the

hypothesis that patients receiving cardiac testing at non-

accredited facilities (compared to accredited facilities)

experience additional testing and have less favorable

clinical outcomes.

METHODS

This is an observational analysis based on an all-

payer medical claims dataset (APCD) from 2012 to

2014, the most recent data available at the time of this

analysis, which includes insurance claims and eligibility

information for nearly all beneficiaries in Maine insured

by Medicare, Medicaid, or commercial insurers. The

Maine APCD does not include claims paid by the

Veterans Administration (VA) healthcare system. How-

ever, VA claims paid for by a separate commercial

insurer would be included. The Maine APCD represents

90% of all Maine’s insured population with greater than

$2,000,000 of adjusted premiums or claims processed

per calendar year. All calculations and analyses were

completed using SAS Enterprise Guide 5.1, Cary, N.C.

See related editorial, pp. 2962–2964 Cohort Development

From the Maine APCD, we identified patients who

were aged 35 and older, because we were primarily

concerned with atherosclerotic heart disease. Current

Procedural Terminology (CPT) codes were used to

identify all stress echocardiograms and MPI in the data.

The claims were de-duplicated into distinct events by

counting only one procedure per person per day. The

index event refers to the first time we observed either a

stress echocardiogram or MPI in 2013. Patients were

required to have continuous health insurance coverage

12 months prior to and following their index event to

capture new diagnostic processes for stable coronary

artery disease and subsequent clinical outcomes. We

assigned patients into two cohorts, based on whether the

first test (‘‘index test’’) was a stress echocardiogram or

MPI. Patients who received their index tests at low

volume facilities (fewer than 10 tests in 2013) were

excluded because of data reliability.

We then used a 12-month look-back to exclude

people with underlying unstable coronary disease using

International Classification of Diseases (ICD)-9 codes

for acute myocardial infarction (AMI), unstable angina,

coronary artery bypass grafting (CABG), and percuta-

neous coronary interventions (PCI). We also used the 12-

month look-back to define comorbidities in prior claims.

Figure 1 shows the development of the cohorts. Our final

two cohorts included 4603 patients with an index stress

echocardiogram and 8449 patients with an index MPI

test.

Accreditation Type for Facility Performing
the Index Test

The Intersocietal Accreditation Commission (IAC)

provides laboratory accreditation in echocardiography

and nuclear medicine, whereas the American College of

Radiology (ACR) provides accreditation in the field of

nuclear medicine.19,20 The IAC provided a table of

accreditation status (IAC or ACR) in 2013 for accredited

health care facilities in Maine. We categorized each

index test according to whether the test was performed in

a facility that was accredited by the IAC, the ACR, or

neither the IAC nor the ACR (‘‘non-accredited’’). Of

note, all inpatient hospital-based facilities were also

accredited by Joint Commission. Stress echocardiograms

were only evaluated as IAC accredited or not IAC

accredited as there is no ACR accreditation for these

procedures.

Of the total of 27 echocardiogram facilities across

the state of Maine, 20 facilities were included in the

stress echocardiogram cohort, the remaining were

excluded due to low volume. Seven of the 20 facilities
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were IAC accredited. Similarly, of the total 38 MPI

facilities, 37 laboratory facilities were included in the

nuclear stress test cohort and 1 testing facility was

excluded due to low volume. Of the 37 facilities, 4

facilities were accredited by the IAC accreditation and 7

facilities were the ACR accredited. We had 13 patients

in the nuclear stress testing cohort who received their

test at a VA medical center.

Subsequent Diagnostic Testing, Procedures
and Cardiac Outcomes After Index Stress
Echocardiogram or MPI

We used CPT and ICD-9 codes to identify patients

in each cohort who received additional diagnostic

testing within 6 months of the index test, including

subsequent stress echocardiogram, subsequent MPI,

other imaging category including full echocardiogram,

cardiac nuclear medicine study besides MPI, cardiac

magnetic resonance imaging, computed tomography

angiography, and computed tomography coronary cal-

cium score. We also identified clinical events such as

Figure 1. Cohort design of the role of accreditation in subsequent cardiac testing and patient
outcomes.

2954 Shah et al Journal of Nuclear Cardiology�
Variation in additional testing and patient outcomes after stress echocardiography November/December 2021



cardiac catheterization, revascularization with either PCI

or CABG, cardiac outcomes such as hospitalization for

angina, hospitalization for unstable angina, acute

myocardial infarction, cardiac arrest, and heart failure.

Statistical Analysis

We compared baseline characteristics of the cohorts

using Chi-square and t tests as appropriate, evaluating

variables that may be confounders of relationships

between accreditation type and cardiac outcomes. The

covariates of interest included age, sex, previously

diagnosed stable coronary artery disease, diabetes, other

medical comorbidities as measured by the Charlson

Comorbidity Index,21,22 and insurance type.

We then created separate regression models with

accreditation status of facility as the predictor of interest

(independent variable) and additional diagnostic testing

by modality, revascularization and hospitalizations for

specific cardiac events as the outcomes of interest

(dependent variables) in separate models. All models

were also adjusted for age, sex, insurance type (as of the

month of the index test), diabetes, prior stable coronary

artery disease (CAD) diagnosis, the Charlson comor-

bidity index,21,22 and institutional volume of procedures

(dichotomized to\ or C 200 stress echocardiogram

tests and\ or C 500 MPIs in the period of observa-

tion). These cutoffs were selected due to the natural

distribution of the data.

RESULTS

Table 1 shows the baseline characteristics of the

index stress echocardiography and MPI study popula-

tions according to facility accreditation status. We

observed 4603 index stress echocardiograms and 8449

MPI tests. In the MPI cohort, the patients who received

care in the IAC accredited facilities had significantly

more stable coronary artery disease and more comor-

bidities when compared to non-accredited facilities or

ACR accredited facilities.

Table 2 depicts subsequent diagnostic testing within

six months of the index test in the stress echocardiogram

cohort. Among the patients having the index test in a

non-accredited facility a higher proportion had subse-

quent MPI tests after the index test, compared to those in

the accredited facilities (3.5% vs 1.8%, p\ .001). For

patients in the MPI cohort (Table 3), we also observed a

higher proportion of patients having subsequent MPI:

.7% in non-accredited facilities compared with .4% in

IAC facilities and none in ACR facilities (p\ .01).

Similarly, non-accredited facilities (12.9%) were more

likely to undergo cardiac catheterization compared to

11.2% in IAC or 1.2% in ACR accredited facilities

(p = .02). For both cohorts, we did not observe differ-

ences in subsequent stress echocardiography, or other

imaging tests.

Table 4 shows the percentage of patients with

specific cardiac outcomes within 6 months after the

index tests, according to accreditation status. For the

stress echocardiography cohort, there were fewer hos-

pitalizations for angina (0.2% vs 0.6%, p = .04) and

more hospitalization with AMI (1.6% vs 0.9%, p = .05)

in patients having their index test at an IAC accredited

facility. For the MPI cohort, we observed a higher

proportion were hospitalized for AMI (IAC 3.3% vs

ACR 2.3% vs 2.0%, p B .001) and heart failure (IAC

15.2% vs ACR 8.9% vs 10.4%, p\ .001) among those

having their index test at an IAC accredited facility

compared to ACR and non-accredited facilities. Among

both stress echocardiography and MPI cohort, we did

not observe significant differences in hospitalization for

unstable angina, cardiac arrest, or death.

Multivariate models for index stress echocardiog-

raphy cohort (Table 5) demonstrated higher odds of

subsequent MPI testing for those who had an index test

at non-accredited facilities compared with IAC accred-

ited facilities (odds ratio (OR) 2.28, 95% confidence

interval (CI) 1.50-3.46) but no other significant testing

differences were observed. Additionally, patients who

had an index test at non-IAC accredited facilities had

higher odds of hospitalization for angina compared with

accredited facilities (OR 3.54, 95% CI 1.22-10.28).

Multivariate models for index MPI cohort are

shown in Table 6. For those having an index MPI in

non-accredited facilities, we observed higher odds of

subsequent MPI, other imaging, cardiac catheterization,

and PCI, and lower odds of subsequent stress echocar-

diogram compared with those having an index test at

IAC accredited facilities. Patients treated at ACR

accredited facilities were more likely than those treated

at IAC accredited facilities to receive PCI. We also

observed higher odds of hospitalization for angina in

non-accredited facilities when compared to IAC accred-

ited facilities (OR 1.97, 95% CI 1.13-3.44).

DISCUSSION

In our study, we observed important differences in

subsequent cardiac testing and clinical outcomes

depending upon the accreditation status of the facility

performing the initial (index) cardiac stress test. For

patients undergoing an initial stress echocardiogram or

MPI test at a non-accredited facility, we observed higher

odds of subsequent MPI testing and hospitalization for

angina in adjusted models, compared with those having

initial testing in an accredited facility (Tables 2, 3, 4).

Conversely, we observed higher rates of hospitalization
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for AMI in patients undergoing either stress echocar-

diogram or MPI test at an IAC-accredited facility, and

higher rates of hospitalization for heart failure among

IAC-accredited group in MPI cohort.

The sensitivity of the exercise or pharmacologic

stress echocardiography ranges from 70 to 90%, whereas

the sensitivity for MPI ranges from 88 to 91%.23 In the

common scenario of a patient with recurrent anginal

symptoms, repeat testing with a more sensitive modality

might be pursued, including but not limited to anatomic

assessment with CT coronary angiography. We postulate

that despite normal index stress echocardiography or

index MPI results, there may be continued suspicion for

coronary artery disease or concerns for false negative

Table 1. Baseline characteristics of the stress echocardiogram and myocardial perfusion imaging
(MPI) cohort

Stress echocardiogram
cohort (N = 4603)

Myocardial perfusion imaging cohort
(N = 8449)

IAC
Accredited

Not IAC
Accredited

IAC
Accredited

ACR
Accredited

Not IAC or ACR
Accredited

Total 3,123 1,480 3,341 1,195 3,913

Age

35-45 320

(10%)

163

(11%)

137

(4%)

67

(6%)

193

(5%)

46-55 703

(23%)

359

(24%)

425

(13%)

196

(16%)

532

(14%)

56-65 850

(27%)

372

(25%)

803

(24%)

275

(23%)

903

(23%)

65? 1250

(40%)

586

(40%)

1976

(59%)

657

(55%)

2285

(58%)

Sex (female) 1703

(55%)

797

(54%)

1469

(44%)

617

(52%)

2021

(52%)

Stable coronary

artery disease

643

(21%)

197

(13%)

1535

(46%)

335

(28%)

1102

(28%)

Diabetes 679

(22%)

316

(21%)

1250

(37%)

406

(34%)

1261

(32%)

Charlson

Comorbidity

Index

0 1541

(49%)

778

(53%)

925

(28%)

397

(33%)

1328

(34%)

1 823

(26%)

388

(26%)

895

(27%)

351

(29%)

1119

(29%)

2? 759

(24%)

314

(21%)

1521

(46%)

447

(37%)

1466

(37%)

Insurancea

Medicare 534

(17%)

262

(18%)

847

(25%)

312

(26%)

1065

(27%)

Medicaid 174

(6%)

84

(6%)

170

(6%)

80

(7%)

223

(6%)

Dual Medicare/

Medicaid

446

(14%)

216

(15%)

664

(20%)

259

(22%)

991

(25%)

Commercial 1969

(63%)

918

(62%)

1660

(50%)

544

(46%)

1634

(42%)

aInsurance status in month of index test
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results, and therefore more subsequent hospital admis-

sions for angina along with repeat cardiac testing with a

similar or more sensitivity modality. We postulate that

other factors contributing to this discrepancy include

concerns for limited or poor study quality and/or

reporting, false negatives and/or ambiguous results of

the initial testing requiring subsequent referral to ded-

icated centers whereby providers may want to repeat

their own test.24-28

On the other hand, with lack of information about

results of the cardiac stress test, it is challenging to

explain the rationale behind high rates of AMI and

hospitalization for heart failure. In 1996, Varga et al

demonstrated that pharmacologic stress echocardiogra-

phy inconsistently identified the site of future

infarction.29 We hypothesize that factors contributing

to an increased AMI rates and hospitalization for heart

failure in an accredited facility may include a combi-

nation of factors such as complex patients with higher

comorbidities, higher percentage of patients with prior

known coronary artery disease (Table 1), higher level of

vascular inflammation and/or altered composition of

atheromatous plaque such as higher levels of macro-

phage with thin fibrous cap more prone to rupture and

thrombotic occlusion.29-31

Prior studies have demonstrated the value of

accreditation in various fields including cardiovascular

disease, infectious disease, and pain management with

regarding to clinical outcomes and quality of healthcare

delivery.11 As cardiovascular disease continues to be the

foremost cause of mortality and morbidity in the USA,

there has been a rapid progression in the types of

imaging modalities and volume of tests performed for

assessment of coronary artery disease over the last two

decades.32 Observational studies and surveys have

further demonstrated the benefit of accreditation of

noninvasive cardiac imaging laboratories with regards to

study quality and standardization of reporting.3,12–15,18

However, previously there has been a lack of data

connecting impact of accreditation of facilities perform-

ing diagnostic cardiac testing to patient centered clinical

outcomes.

Table 2. Subsequent diagnostic testing within 6 months of index test in the stress echocardiogram
cohort (n = 4603) according to accreditation status of facility performing the index test

Subsequent diagnostic
testing

IAC Accredited
(n = 3123)

Not IAC Accredited
(n = 1480)

p
value

Subsequent stress

echocardiogram

25 (0.8%) 8 (0.5%) .33

Subsequent MPI 56 (1.8%) 51 (3.4%) \ .001

Other imaginga 213 (6.8%) 103 (7.0%) .86

Cardiac catheterization 150 (4.8%) 77 (5.2%) .56

aOther imaging category includes full echocardiogram, cardiac nuclear medicine study besides MPI, cardiac magnetic resonance
imaging, computed tomography angiography and computed tomography coronary calcium score

Table 3. Subsequent diagnostic testing within 6 months of index test in the MPI Cohort (n = 8449)
according to accreditation status of facility performing the index test

Subsequent
diagnostic testing

IAC accredited
(n = 3341)

ACR accredited
(n = 1195)

Not IAC or ACR
accredited (n = 3913)

p
value

Subsequent stress

echocardiogram

47 (1.4%) 11 (0.9%) 41 (1.0%) .25

Subsequent MPI 13 (0.4%) 0 (0.0%) 27 (0.7%) \ .01

Other imaginga 524 (15.7%) 196 (16.4%) 652 (16.7%) .52

Cardiac catheterization 374 (11.2%) 122 (10.2%) 503 (12.9%) .02

aOther imaging category includes full echocardiogram, cardiac nuclear medicine study besides MPI, cardiac magnetic resonance
imaging, computed tomography angiography and computed tomography coronary calcium score
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Table 4. Cardiac outcomes within 6 months of index test according to accreditation status of facilities
performing stress echocardiogram and MPI

Stress
echocardiogram

cohort IAC accredited (n = 3123) Not IAC accredited (n = 1480) p value

Hospitalization for angina 7 (0.2%) 9 (0.6%) .04

Hospitalization for

unstable angina

26 (0.8%) 9 (0.6%) .41

Hospitalization for acute

myocardial infarction

(AMI)

50 (1.6%) 13(0.9%) .05

Hospitalization for cardiac

arrest

8 (0.3%) 1 (0.1%) .18

Hospitalization for heart

failure

160 (5.1%) 69 (4.7%) .50

Death from any cause

(inpatient only)

0 1 (0.1%) .15

Myocardial perfusion
imaging cohort

IAC accredited
(n = 3341)

ACR accredited
(n = 1195)

Not IAC or
ACR accredited

(n = 3913) p value

Hospitalization for angina 39 (1.2%) 16 (1.3%) 65 (1.7%) .20

Hospitalization for unstable angina 66 (2.0%) 20 (1.7%) 65 (1.7%) .57

Hospitalization for AMI 111 (3.3%) 27 (2.3%) 78 (2.0%) B .001

Hospitalization for cardiac arrest 15 (0.40.4%) 2 (0.2%) 11 (0.3%) .26

Hospitalization for heart failure 507 (15.2%) 107 (9.0%) 406 (10.4%) \ .001

Death from any cause (inpatient only) 0 0 0 NA

Table 5. Multivariate models for the stress echocardiogram cohort according to accreditation status

Outcomes IAC accreditedb OR (CI) Not IAC accreditedb OR (CI)

Subsequent diagnostic testing and procedures

Subsequent stress echocardiogram [referent] 0.64 (0.27–1.55)

Subsequent MPI [referent] 2.28 (1.50–3.46)

Other imaginga [referent] 1.03 (0.79–1.35)

Cardiac catheterization [referent] 1.05 (0.76–1.43)

Coronary artery bypass grafting (CABG) [referent] 0.50 (0.21–1.24)

Percutaneous coronary intervention (PCI) [referent] 1.43 (0.78–2.62)

Cardiac outcomes

Hospitalization for angina [referent] 3.54 (1.22–10.28)

Hospitalization for unstable angina [referent] 0.74 (0.33–1.67)

Hospitalization for AMI [referent] 0.68 (0.35–1.31)

Hospitalization for cardiac arrest [referent] 0.33 (0.07–1.48)

Hospitalization for heart failure [referent] 0.74 (0.33–1.67)

aOther imaging category includes full echocardiogram, cardiac nuclear medicine study besides MPI, cardiac magnetic resonance
imaging, computed tomography angiography and computed tomography coronary calcium score
bModels adjusted for: Age, sex, Charlson comorbidity index (0,1,2 ?), diabetes, coronary artery disease, insurance, echo
accreditation, and volume ([=500)
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This study had several limitations. Our data were

derived from medical claims, and we had relatively

limited information about clinical characteristics of the

patients. There is lack of information with regards to

appropriateness of diagnostic test being ordered, diag-

nostic testing test quality, and we were unable to review

actual test reports. Appropriate use criteria (AUC) for

echocardiography and nuclear stress testing indicate that

repeat stress testing post revascularization is appropriate

for ischemia evaluation in symptomatic patients, how-

ever, it would be inappropriate to repeat stress testing in

less than 2 years post percutaneous coronary interven-

tion in an asymptomatic patient.33–35 Additionally,

nuclear stress testing AUC further states that if the

index stress testing is normal, it is uncertain or inap-

propriate if repeat testing is performed in less than

2 years.35 Our study was thereby designed to excluded

patients who had ACS presentation, or underwent

revascularization with CABG and/or PCI to limit con-

founding. Furthermore, we had limited statistical power

to examine some outcomes that occur less commonly,

such as CABG. In our study, we could only ascertain

inpatient deaths as indicated in the claims.

Our data are limited to the State of Maine. Maine is

one of the most rural states in the USA.36,37 Over the

2012-2014, the rate of uninsured people in the state of

Maine was roughly 10-11%, compared to the national

average of 16-17%.38 In our study, 20% of the patients

were excluded in the stress echocardiogram cohort and

17% of the patients were excluded in the MPI cohort due

to lack of continuous insurance coverage over the 2012-

2014. Rural counties tend to have older population,

higher poverty, lower median income, fewer healthcare

providers per population as well as more limited access

to healthcare facilities.39 All these factors may further

impact provider and patient preference for a test being

formed at a local facility, which may be less likely to be

accredited due to a relatively low volume of tests

performed.

CONCLUSION

This population-based observational study uniquely

highlights some of the downstream effects of the

accreditation process when it comes to patient care

and outcomes. Effects of additional cardiac testing

include potential delay in initial diagnosis and manage-

ment, increased exposure to radiation, and overall higher

healthcare delivery costs. We theorize this is primarily a

quality issue with implications for patient outcomes and

Table 6. Multivariate models for the MPI cohort according to accreditation status

Outcomes
IAC

accredited
ACRb accredited OR

(CI)
Not IAC or ACR accreditedb

OR (CI)

Subsequent diagnostic testing and procedures

Subsequent stress

echocardiogram

[referent] 0.43 (0.19–0.98) 0.53 (0.29–0.96)

Subsequent MPI [referent] 0.28 (0.02–4.28) 3.66 (1.64–8.15)

Other imaginga [referent] 1.26 (0.99–1.61) 1.22 (1.02–1.47)

Cardiac catheterization [referent] 1.03 (0.78–1.36) 1.32 (1.08–1.62)

CABG [referent] 0.62 (0.27–1.42) 0.79 (0.43–1.45)

PCI [referent] 1.99 (1.18–3.38) 1.68 (1.13–2.50)

Cardiac outcomes

Hospitalization for angina [referent] 1.76 (0.83–3.76) 1.97 (1.13–3.44)

Hospitalization for

unstable angina

[referent] 1.05 (0.54–2.04) 1.00 (0.61–1.65)

Hospitalization for AMI [referent] 0.94 (0.54–1.66) 0.81 (0.53–1.24)

Hospitalization for cardiac

arrest

[referent] 0.76 (0.16–3.51) 0.96 (0.35–2.59)

Hospitalization for heart

failure

[referent] 0.76 (0.57–1.02) 0.85 (0.69–1.05)

aOther imaging category includes full echocardiogram, cardiac nuclear medicine study besides MPI, cardiac magnetic resonance
imaging, computed tomography angiography and computed tomography coronary calcium score
bModels adjusted for: Age, sex, Charlson comorbidity index (0,1,2 ?), diabetes, coronary artery disease, insurance, echo
accreditation, and volume ([=500)
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cost of care related to waste from potentially unneces-

sary repeat testing. However, additional studies are

warranted to examine whether specific elements of the

accreditation process are associated with higher quality

cardiac imaging with reporting and subsequently

impacting patient outcomes.

NEW KNOWLEDGE GAINED

Accreditation status may play a role in reduced

subsequent MPI testing within 6 months and hospital-

ization event for angina after an index echocardiogram

or MPI stress test.
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