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Background. Data registries facilitate knowledge acquisition and quality improvement.
ImageGuide is a registry developed by the American Society of Nuclear Cardiology collecting
data since 2015, providing insight into current nuclear cardiology practice.

Methods and Results. HIPAA de-identified data on > 100 practice- and patient-related
variables from 19 US practices were obtained from ImageGuide. Continuous variables are
reported as the mean ± standard deviation; discrete variables are reported as N (%). Practices
were from 12 states; 9520 studies were submitted. The average patient was a 66-year-old man.
Chest pain was the most common indication; 96% of studies were appropriate. Rest/stress 1-
day studies were most common; stress/rest 1- and 2-day studies comprised < 5%. Tc-99 m was
the most common radiopharmaceutical. Tl-201 was used in 14% of rest studies. Most studies
were not corrected for attenuation. 89% were of good or better quality. 62% of studies were
normal.

Conclusions. Practice diversity is limited, but patient demographics are reflective of
reported current practice. Most studies are appropriate and may obviate the need for invasive
testing. Radiation dosimetry could be decreased with wider adoption of stress/rest studies and
avoidance of Tl-201. ImageGuide will be an important tool to guide non-invasive cardiac
imaging in the future. (J Nucl Cardiol 2022;29:166–76.)
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Abbreviations
AUC Appropriate use criteria

QCDR Qualified clinical data registry

CMS Centers for Medicare and Medicaid

Services

IAC Intersocietal Accreditation

Commission

MPI Myocrdial perfusion imaging

ALARA As low as reasonably achievable

INCAPS International Atomic Energy Agency

(IAEA) Nuclear Cardiology Protocols

Study

INTRODUCTION

As an efficient tool in targeted data collection,

registries enable analysis of both quality and outcomes

related to disease states, processes, and therapeutic

interventions. As healthcare costs increase, high value

care has received greater attention,1 and appropriate use

criteria (AUC) have been established for diagnostic

testing and interventions. Cardiac registries are being

used to assess compliance with AUC, the Medicare

AUC mandate, and other guidelines, and to guide

quality improvement. Payment is increasingly tied to

participation in such quality improvement measures,

largely driving growth in registry participation.

ImageGuide is a non-invasive cardiovascular imag-

ing registry developed by members of the American

Society of Nuclear Cardiology (ASNC). Its aims include

facilitating documentation of performance metrics and

adherence to best practices, maintenance of laboratory

accreditation, participation in quality improvement, and

investigation into patient outcomes.2–5 It is recognized

as a qualified clinical data registry (QCDR) by the

Centers for Medicare and Medicaid Services (CMS).6

METHODS

Nuclear cardiology laboratories enrolled in Image-

Guide on a rolling basis. Participating practice

demographics were captured in the initial application,

including practice size, location, accrediting agency and

accreditation status, and submitting physician informa-

tion; see Appendix A for a sample enrollment form.

Patient- and test-related data were entered into Image-

Guide via certified data reporting vendor, web-based

interface, or direct link to the PACS imaging and

reporting system following required legal documenta-

tion allowing for sharing of identified data. The registry

shares data with investigators appropriate to the

investigator’s hypotheses and IRB review. For the

purpose of this study, patient-specific data from the

registry were HIPAA de-identified and included baseline

demographics, indication for study, appropriateness,

study protocol and radiopharmaceutical used, and

results. A full list of included variables is provided in

a sample submission form, which can be found in

Appendix B. Practices are required to report all studies

and data are subject to random audit by ASNC staff to

assure compliance and accuracy of data reporting. In

2018 this included 3% of the providers and 10% of the

studies and all fields included in the MIPS performance

measures. Data collection began in Quarter 1 of 2015

and continues to the present; data are reported as of

Quarter 3 of 2018 (total of 15 quarters), having met a

pre-determined evaluation point of 10,000 patient

records. Continuous variables are reported as the

mean ± standard deviation or median (interquartile-

range), and discrete variables are reported as N (%).

Reported radiation doses in ImageGuide were given in

mCi; these values were multiplied by 37 to convert to

MBq.

The Institutional Review Board of the Greenville

Health System approved the study. As the data received

from the registry contained no patient-identifiable infor-

mation, informed consent was not required.

RESULTS

Practice Demographics

As of data harvest in July 2018, there were 19

participating practices, together submitting data on 9520

patients.

Practices submitting data were from 12 different

U.S. states (see Table 1 for location of participating

practices; Table 2 presents additional practice demo-

graphics). Data were incomplete for many non-required

fields. Most were clinic-based or independent imaging

facilities and followed a for-profit business model.

Single photon emission computed tomography (SPECT)

was the most common imaging modality, followed by

positron emission tomography (PET) and planar. Most

laboratories had additional imaging capabilities, with

echocardiography being the most commonly available

modality. Eight companies were represented in the

quantitative package used for image and data analysis.

Eleven laboratories reported accreditation by the

Intersocietal Accreditation Commission (IAC), with four

receiving accreditation from the American College of

Radiology (ACR). One of these reported accreditation

from both organizations. Physicians were certified most

commonly by the Certification Board in Nuclear

See related editorial, pp. 177–180
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Cardiology, followed by the American Board of Nuclear

Medicine. Six physicians reported dual certifications.

Patient Demographics

Table 3 presents patient demographic data. The

average age was 66, and patients were predominantly

male. Data on race/ethnicity and insurance provider

were limited due to incomplete reporting in these fields.

The primary indication was given in 99.8% of

studies (Figure 1). Pretest chest pain is classified in 2754

patients (28.93%), not necessarily those for whom chest

pain was given as the primary or secondary indication

for testing; of these patients, no chest pain was reported

in 46.91% and atypical angina in 27.78%. Non-anginal

chest pain, typical angina, and angina equivalent were

less commonly reported, in 9.37%, 8.24%, and 7.70%,

respectively.

Most studies (96.08%) were reported as appropri-

ate; a small proportion of studies (3.13%) were reported

as may be appropriate and few (0.59%) as rarely

appropriate.

Imaging Characteristics

Details on testing protocols are given in Table 4.

The stressor was pharmacologic in most studies, fol-

lowed by exercise and less commonly by combined

exercise/pharmacologic stress. Of the pharmacologic

agents, regadenoson was most commonly used, followed

by adenosine and dipyridamole; dobutamine with or

without atropine was rarely used. The Bruce protocol

was the most commonly employed exercise protocol.

Rest/stress 1-day was by far the most common imaging

protocol.

Technetium-99 m (Tc-99 m) based radiopharma-

ceuticals were the most common agents employed in

SPECT stress imaging; thallium-201 (Tl-201) was used

rarely. Among PET radioisotopes, Rubidium-82 (Rb-82)

was most commonly used.

In rest imaging, Tc-99 m sestamibi was again most

commonly used, followed by Rb-82 and Tc-99 m

tetrofosmin. Notably, Tl-201 was used in over 14% of

rest studies.

2,511 studies (26.78% were corrected for attenua-

tion. Of these, transmission was used in 81.60%, CT in

4.50%, and other methods (including supine or prone) in

13.90%.

Hemodynamic data for rest,exercise and pharmaco-

logic stress are presented in Table 5. Anginal stress

symptoms were reported in 3415 patients (35.87%), not

necessarily those for whom chest pain was given as an

indication for testing; of these, no chest pain was

reported in 89.14%, typical angina in 2.11%, atypical

angina in 5.59%, anginal equivalent in 2.72%, and non-

anginal chest pain in 0.44%.

The reason for termination was reported in[ 80%

of studies. The majority of studies were terminated due

to reaching the end of the protocol. Figure 2 provides a

full list of reported reasons and their frequencies.

The self-reported study quality was excellent or

good in most studies, with few reported as poor or other

quality (Figure 3).

The left ventricular perfusion summary was given

for approximately 94% of studies (Figure 4); over 66%

of studies were reported as normal or probably normal,

with a smaller proportion of studies showing ischemia.

Transient ischemic dilation was noted in 15.80% of

studies. Studies were rarely reported as uninterpretable,

correlating with the study quality data reported in

Figure 3.

DISCUSSION

This study examined data gathered from the initial

10,000 records/three years of the ImageGuide Registry,

a first-of-its-kind registry that affords a unique look at

nuclear cardiology practice in the United States today.

As there are essentially two major data subsets con-

tained in the whole, we will discuss them separately.

Practice Demographics

Representative laboratories were geographically

diverse, with participating practices from the Northeast,

Southeast, Midwest, and West. Practice demographics

are notable for a high proportion of clinic-based and

independent imaging facilities with only one hospital-

based practice, in contrast to a higher percentage seen

in prior studies.7–9 Several possible explanations may

account for this. Our study included a small number of

practices (19, compared with hundreds in the cited

studies), increasing the probability of random sampling

error. Additionally, hospital-owned practices often have

more administrative hurdles to overcome in adopting

new protocols and procedures, which may delay

enrollment in the registry for this demographic. The

lower proportion of hospital-owned practices may also

explain the higher proportion of labs with accreditation

in our study compared with prior studies, as hospital

systems may not have strict requirements for main-

taining accreditation for the purposes of

reimbursement.

Patient and Imaging Data

Given the limited practice sample size, it is impor-

tant to consider the quality of patient-level data in
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assessing the generalizability of these results. Patient

demographics, in particular average age, sex distribu-

tion, and BMI are similar to those seen in prior

studies.10,11 Not all data elements are required on the

submission form, and demographic data reporting for

non-required fields ranged from 100% for sex to 2.54%

for insurance status. This is likely attributable to the

methodology used to collect the early data in the

Table 1. Locations of participating practices and number of studies submitted

Northeast (N = 1116)

Midwest (N = 465) Dansville, NY 65

West (N = 2627) Chardon, OH 449 Waldorf, MD 6

Auburn, WA 541 Gurnee, IL 16 Westminster, MD 474

Bakersfield, CA 202 Woonsocket, RI 571

Los Angeles, CA 1236

Rancho Mirage, CA 5 South (N = 5312)

Santa Maria, CA 643 Anniston, AL 550 Columbus, GA 1151

Atlanta, GA 1419 Lake Mary, FL 235

Birmingham, AL 59 New Orleans, LA 161

Cartersville, GA 180 Port Arthur, TX 1,557

Figure 1. Reporting of the primary indication for the study for 9520 patients in the ImageGuide
Registry. ECG, electrocardiogram; PCI, percutaneous intervention; CABG, coronary artery bypass
grafting; HF, heart failure; CHD, coronary heart disease.
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registry; most of the included sites manually input the

data, which may result in the omission of many non-

required fields. As more sites utilize data reporting

through direct harvesting from the report or a certified

vendor, the data set is expected to become more robust.

There has been much discussion in recent years as

MPI has expanded in availability and technological

power, with increased utilization leading to increased

costs and radiation burden.7,12–16 AUC were developed

to guard against overutilization, and assessing adherence

to these helps us gauge how consistently we deliver

indicated testing.

The vast majority of MPI studies were deemed

appropriate. This is in contrast to prior studies which

showed inappropriate ordering of tests in the 3–45%

range.11 Notably, whereas prior studies used algorithms

and computer-based logic to assign an indication and

determine appropriateness, appropriateness was self-

reported by the participating practices in ImageGuide,

allowing for greater possibility of bias. As a Qualified

Clinical Data Registry by CMS, ImageGuide staff

perform a manual audit of selected patient records to

confirm accuracy of data reporting. During a recent audit

there was 98.11% agreement between medical record

documentation and data reported in the registry (Lattoz,

Daniel, ASNC Staff, unpublished data, 2019). Also of

note, AUC were laboratory-selected and are not reported

in the registry. As there has been significant change in

AUC and its impact, including the upcoming Congres-

sional mandate for use of decision support tools, the

appropriateness of studies could have evolved. This

discrepancy between published trial data and the registry

data regarding AUC warrants further investigation

regarding current AUC results in practice.

The data on MPI results were notable for a sizeable

percentage showing normal left ventricular perfusion.

Given the high percentage of reportedly appropriate

tests, this speaks to the high value of MPI, as the number

of patients for whom the need for invasive testing was

obviated by a normal perfusion study is likely quite

large.

A high proportion of tests were reported as being of

good or excellent quality, with a low percentage of tests

having an uninterpretable left ventricular perfusion

Figure 2. Reporting of the primary reason for termination for 9520 patients in the ImageGuide
Registry. HR, heart rate; ECG, electrocardiogram; CNS, central nervous system.
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Table 2. Practice demographics

Demographic (N = 19) N (%)

Site type
Practice group 8 (42.1)

Independent imaging provider 6 (31.6)

Other 2 (10.5)

Not reported 3 (15.8)

Facility type
Clinic-based 9 (47.4)

Independent imaging facility 6 (31.6)

Hospital-based 1 (5.3)

Other 1 (5.3)

Not reported 3 (15.8)

Patient population type
Outpatient/ambulatory 15 (78.9)

Inpatient, outpatient/ambulatory 1 (5.3)

Not reported 3 (15.8)

Business model
For profit 11 (57.9)

Governmental 2 (10.5)

Not reported 6 (31.6)

Facility accreditation (may have multiple responses)
Intersocietal Accreditation Commission 11 (57.9)

American College of Radiology 4 (21.1)

Not reported 4 (21.1)

Nuclear imaging type (may have multiple responses)
SPECTa 12 (63.2)

PETb 5 (26.3)

Planar 2 (10.5)

Not reported 7 (36.8)

Additional imaging modalities (may have multiple responses)
Echocardiography 11 (57.9)

Nuclear imaging/radiology (MPIc/ERNAd, other cardiovascular) 11 (57.9)

Stress echocardiography 8 (42.1)

Transthoracic echocardiography 6 (31.6)

Non-invasive peripheral vascular evaluation 6 (31.6)

Cardiovascular angiography 1 (5.3)

Not reported 6 (31.6)

Physician certification, N = 23 N (%)

Single certification 17 (73.9)

Certified by the Certification Board in Nuclear Cardiology (CBNC) 8 (34.8)

Certified by the American Board of Nuclear Medicine 4 (17.4)

Board certified in Cardiology 3 (13.0)

Other: Board of Cardiovascular Disease 1 (4.3)

Other: Cardiovascular Disease—NBPASe 1 (4.3)

Multiple certifications 6 (26.1)

Certified by the CBNC and board certified in Cardiology 5 (21.7)

Certified by the CBNC and NBEf certified in Echocardiography 1 (4.3)

aSPECT, Single photon emission computed tomography
bPET, Positron emission tomography
cMPI, Myocardial perfusion imaging
dERNA, Equilibrium radionuclide angiography
eNBPAS, National Board of Physicians and Surgeons
fNBE, National Board of Echocardiography
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study. However, it is interesting to note that over half of

all studies did not utilize attenuation correction. It has

previously been recommended in joint position state-

ments by the ASNC and Society of Nuclear Medicine

and Molecular Imaging that attenuation correction be

utilized when feasible, increasing the accuracy, prog-

nostic value, and efficiency of perfusion imaging.17,18

Wider adoption of attenuation correction thus represents

another area for ongoing improvement.

As with all tests utilizing ionizing radiation, the As

Low As Reasonably Achievable (ALARA) principle is

important with respect to test protocol, appropriate

patient selection, isotope utilization and dosimetry.

Einstein et al.13 have suggested four goals to reduce

radiation exposure to patients; two of these can be

examined further through this data: (1) wider adoption

of stress-first imaging, which in appropriately selected

patients could obviate the need for rest imaging if stress

perfusion is normal, and (2) greater adherence to AUC

in clinical practice. As to the latter, we do see a higher

(reported) adherence to AUC compared to prior studies.

As to the former, the authors found in their survey of

nuclear cardiologists a 7.2% rate of stress-only imaging

protocol utilization, which they identified as a ‘‘missed

opportunity’’ for reducing radiation exposure for a

greater percentage of patients. In ImageGuide, rates of

Figure 3. Self-reported Overall Study quality for 9520 patients in the ImageGuide Registry.

Figure 4. Self-reported summary of the left ventricular perfusion findings for 9520 patients in the
ImageGuide Registry.
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stress-only studies are even lower:\ 2% in the current

data analysis. When stress/rest 1- and 2-day studies are

included, as a normal perfusion in the stress portion

could potentially allow the physician to cancel the

second part of the protocol, this number rises to 6.54%,

still lower than previously reported.

Also pertinent is the use of thallium-201 based

protocols. In a study of the IAC data repository the

highest average and maximum radiation effective doses

were associated with Tl-201 and Tl-201/Tc-99 m dual

isotope studies, which together constituted 9.1% of

studies.7 Reduced reliance on Tl-201 based protocols

has thus been identified as a target for reduction in

radiation exposure. A symposium in 2012 identified

procedures exposing patients to[ 20 mSv as a target

for increased scrutiny with regards to appropriateness;14

a majority of both dual- and single-isotope Tl-201 based

protocols were associated with radiation doses above

this threshold in the IAC study.

In our study, we identified that Tl-201 is still being

used frequently in dual isotope protocols. The propor-

tion we identified is higher than previously reported,

nearly 14%; sampling error may well affect both studies:

in the case of the IAC study, due to the small number of

patients sampled from each practice, and in the present

study, due to the small number of participating practices;

regardless, decreasing usage of Tl-201 continues to be

an area of concern in patient safety.

It is worth noting as well that SPECT outnumbers

PET roughly 4:1 in the total number of study protocols

performed; it has yet to be seen if the latter, which is

associated with a lower radiation exposure burden, will

outstrip the former modality in years to come, though

certainly there are still significant logistical barriers to

more widespread availability of PET-MPI.

Strengths of this study include its large and unse-

lected patient population, the latter of which is an

advantage the IAC repository study and International

Atomic Energy Agency (IAEA) Nuclear Cardiology

Protocols Study (INCAPS) lacked, despite their large

practice sample sizes.7,16 Whereas the IAC repository

featured data on 3–5 index patient cases per practice per

accreditation period, and the INCAPS assessed samples

of consecutive patients over a one-week period of each

practice’s choice, practices participating in ImageGuide

are required to report all studies.

Notable limitations include the small practice sam-

ple size. The steering committee for ImageGuide has

previously expressed, however, that initial participating

laboratories were to be intentionally selected so as to be

representative of the greater community.4 As such, very

large practices have not been included in the early phase

Table 3. Patient demographics

Patient demographics, N = 9520 N (%) or mean ± SD

Basic demographics

Age 66.6 ± 12.0

Male sex 5057 (53.12)

Female sex 4460 (46.85)

Sex given as ‘‘unknown’’ 3 (0.03)

Race/ethnicity

White 1448 (15.21)

Black 258 (2.71)

Other 34 (3.57)

Not reported 7780 (81.72)

Insurance

Private 116 (1.22)

Medicare 79 (0.83)

Medicare advantage 39 (0.41)

Medicaid 2 (0.02)

Indian Health Services 1 (0.01)

Military Health Care 1 (0.01)

Non-US insurance 1 (0.01)

None 3 (0.03)

Not reported 9278 (97.46)
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of the registry, so as not to overwhelm the data set while

the overall numbers are still small, and participating

practices represent a variety of practice types and

geographic locations. With more laboratories having

already enrolled and many more in process, the future

promises an increasingly robust data set, which will

increase the statistical power and generalizability of

later studies.

A more thorough treatment of the topic of radiation

exposure would include effective radiation dose in

milliseverts (mSv). Though this would be a pertinent

area for future research, dose conversions to mSv is

beyond the scope of the current study.

Table 4. Test protocols and radiation dosimetry

Stress protocols, N = 9013 N (%)a

Pharmacologic, N = 5408

Regadenoson 3907 (72.24)

Adenosine 955 (17.66)

Dipyridamole 479 (8.86)

Dobutamine with atropine 35 (0.65)

Dobutamine 31 (0.57)

Other 1 (0.02)

Exercise, N = 3605

Bruce 2317 (64.27)

Modified Bruce 271 (7.52)

Naughton 121 (3.36)

Fixed low level 21 (0.58)

Mental stress 1 (0.03)

Other 874 (24.24)

Combined pharmacologic/exercise 653

Imaging protocol, N = 9520 N (%)

Rest/stress 1-day 8367 (87.89)

Stress/rest 1-day 369 (3.88)

Rest/stress 2-day 198 (2.08)

Stress only 161 (1.69)

Stress/rest 2-day 93 (0.98)

Rest/delayed rest 13 (0.14)

Rest only 11 (0.12)

Other 3 (0.03)

Not reported 305 (3.20)

Stress radiopharmaceutical N Dose in mCi, mean ± SD (MBq)

Tc-99mb sestamibi 4114 31.8 ± 4.3 (1,176.6 ± 159.1)

Tc-99ma tetrofosmin 3323 28.2 ± 7.3 (1,043.4 ± 270.1)

Rb-82c 2041 23.6 ± 7.0 (873.2 ± 259)

Thallium-201 2 4.3 (159.1)

Rest radiopharmaceutical

Tc-99mb sestamibi 3899 11.5 ± 5.4 (425.5 ± 199.8)

Rb-82c 2043 23.6 ± 7.1 (873.2 ± 262.7)

Tc-99mb tetrofosmin 1960 13.0 ± 7.8 (481 ± 288.6)

Thallium-201 1336 3.7 ± 0.8 (136.9 ± 29.6)

Nitrogen-13 ammonia 2 18.2 ± 10.1 (673.4 ± 373.7)

aPercents are derived from the total number for each major heading
bTc-99m, Technetium-99m
cRb-82, Rubidium-82
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ImageGuide’s designation as a QCDR will likely

encourage continued growth in registry participation, as

it provides an avenue for fulfilling MIPS requirements

for obtaining full CMS reimbursement. As more prac-

tices join, the diversity of practice type and size should

also grow. It is unclear to what degree patient demo-

graphics and imaging details may differ in larger

laboratories from those seen in the smaller practices

participating in this early phase of the registry; this

could be another interesting area for future study.

Additional future efforts include the ability to provide

practices ongoing feedback in addition to the MIPS data

reports currently available. The potential for including

images in the future will also expand the potential for

evaluating image quality and accuracy of interpretation

as the registry matures. Finally, as the registry grows,

the data set is expected to become more representative

of practice nationally.

NEW KNOWLEDGE GAINED

A higher than previously reported rate of appropri-

ate studies was seen in our study. Targets for future

quality improvement emerge, including reduction of

radiation exposure with protocol modification and

greater utilization of attenuation correction.

CONCLUSION

The ImageGuide registry, while young, already

provides valuable insights into the current state of

nuclear cardiology practice in the United States. These

early data indicate an encouraging level of adherence to

AUC and also identify several areas for ongoing work in

quality improvement. As the registry grows to include

more practices and patients, the data contained therein

will continue to increase in value for future study,

affording opportunity to direct policies affecting the

practice of nuclear cardiology as a whole.
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