
Cumulative Exposure to Ionizing Radiation from Diagnostic and
Therapeutic Cardiac Imaging Procedures: A Population-Based
Analysis

Jersey Chen, MD, MPH, Andrew J. Einstein, MD, PhD, Reza Fazel, MD, MSc, Harlan M.
Krumholz, MD, SM, Yongfei Wang, MS, Joseph S. Ross, MD, MHS, Henry H. Ting, MD,
MBA, Nilay D. Shah, PhD, Khurram Nasir, MD, MPH, and Brahmajee K. Nallamothu, MD,
MPH
Section of Cardiovascular Medicine, Department of Medicine (J.C., Y.W., H.M.K), the Robert
Wood Johnson Clinical Scholars Program, Department of Medicine, the Section of Health Policy
and Administration, Department of Epidemiology and Public Health, Yale University School of
Medicine, and the Center for Outcomes Research and Evaluation, Yale–New Haven Hospital —
all in New Haven, CT (H.M.K); Department of Medicine, Cardiology Division, and Department of
Radiology, Columbia University College of Physicians and Surgeons, New York, NY (A.J.E.)
Division of Cardiology, Department of Medicine, Emory University School of Medicine, Atlanta,
GA (R.F.); Mount Sinai School of Medicine and James J. Peters Veterans Affairs Medical Center,
New York, NY (J.S.R.); Division of Cardiovascular Diseases (H.H.T.), and Division of Health Care
Policy and Research, Mayo Clinic, Rochester, MN (N.D.S.); Johns Hopkins Ciccarone Preventive
Cardiology Center, Baltimore, MD and Department of Internal Medicine, Boston Medical Center,
Boston, MA (K.N.) Veterans Affairs Ann Arbor Health Services Research and Development
Center of Excellence, and the University of Michigan Division of Cardiovascular Medicine, both in
Ann Arbor, MI (B.K.N.)

Abstract
Objectives—To describe radiation exposure from cardiac imaging procedures over time in a
general population.

Background—Cardiac imaging procedures frequently expose patients to ionizing radiation, but
their contribution to effective doses of radiation in the general population is unknown.

Methods—We used administrative claims to identify cardiac imaging procedures performed
from 2005-2007 in 952,420 non-elderly insured adults in 5 U.S. healthcare markets. We estimated
3-year cumulative effective doses of radiation in millisieverts (mSv) from these procedures We
then calculated population-based annual rates of radiation exposure to effective doses ≤3 mSv/
year (background level of radiation from natural sources), >3-20 mSv/year, or >20 mSv/year
(upper annual limit for occupational exposure averaged over 5 years).

Corresponding Author: Jersey Chen, Yale University School of Medicine, 333 Cedar Street, New Haven CT 06520; (p)
203-785-4127, (f) 203-785-7144; jersey.chen@yale.edu.
Disclosures
Dr. Krumholz reports consulting fees for serving on the United Healthcare Cardiac Scientific Advisory Board. He received no fees
related to this project. Dr Einstein reports having received research support from Spectrum Dynamics. No other potential conflicts of
interest relevant to this article were reported by any of the authors.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Am Coll Cardiol. Author manuscript; available in PMC 2011 August 24.

Published in final edited form as:
J Am Coll Cardiol. 2010 August 24; 56(9): 702–711. doi:10.1016/j.jacc.2010.05.014.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results—90,121 (9.5%) individuals underwent at least one cardiac imaging procedure using
radiation. Among patients who underwent ≥1 cardiac imaging procedure, the mean cumulative
effective dose over 3 years was 16.4 mSv (range 1.5-189.5 mSv). Myocardial perfusion imaging
accounted for 74% of the cumulative effective dose. Overall, 47.8% of cardiac imaging procedures
were performed in physician offices; this proportion was higher for myocardial perfusion imaging
(74.8%) and cardiac CT studies (76.5%). The annual population-based rate of receiving an
effective dose of >3-20 mSv/year was 89.0 per 1000; and 3.3 per 1000 for cumulative doses >20
mSv/year. Annual effective doses increased with age and were generally higher among men.

Conclusions—Cardiac imaging procedures lead to substantial radiation exposure and effective
doses for many patients in the United States.
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Background
The volume of medical imaging procedures incorporating ionizing radiation has been
growing rapidly in recent years, especially for evaluation of cardiovascular conditions.1 In
the United States alone, the use of myocardial perfusion imaging (MPI) increased from less
than 3 million in 1990 to nearly 10 million by 2002.2 From 2002 to 2006 the number of
procedures in cardiac catheterization laboratories increased by 9% and now exceeds 4
million cases per year.3 The use of cardiac computed tomography (CT), an emerging
imaging technology, is expected to rise dramatically over the next decade.4

Although advances in cardiac imaging procedures have improved the ability to assess and
treat cardiovascular conditions, there is a dearth of patient-level data on radiation exposure
over time from cardiac imaging procedures despite a rapid rise in their use. A recent study
reported that cumulative radiation exposure from general medical imaging is substantial in
many individuals.5 In that study MPI studies accounted for 22% of total effective dose of
radiation received in the study population, but further assessment of other cardiac imaging
procedures was not performed. Another study that examined radiation exposure from
cardiac imaging procedures was conducted in the inpatient setting of a single hospital, thus
limiting generalizability of radiation exposure over time to the overall population.6 There are
also gaps in knowledge regarding the type and location of cardiac imaging services currently
performed in the U.S., which is an important consideration given the increase in diagnostic
imaging equipment within physician offices.7

Accordingly, we analyzed administrative claims data over a 3-year period from a large
cohort of non-elderly insured adults across the U.S. to estimate mean cumulative effective
doses of radiation attributable to cardiac imaging procedures. This study cohort consisted of
beneficiaries aged 18 to 64 years old representing a broad spectrum of individuals from the
general population. We examined the proportion of individuals that received cumulative
effective doses of radiation over two thresholds: >3 millisieverts (mSv) per year,
representing the background level of radiation absorbed from natural sources in the United
States;8 and >20 mSv per year, representing the upper annual limit for occupational
exposure for at-risk workers averaged over 5 years.9 Our overall goals were to describe
radiation exposure that accumulates over time in a general population from cardiac imaging
procedures and to identify patient groups at risk for high radiation exposure.
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Methods
Data Source and Study Population

The study cohort consisted of non-elderly adults with healthcare benefits administered by
United Healthcare (UHC), one of the largest private healthcare insurance carriers in the
United States. Administrative claims data were collected related to cardiac imaging
procedures for 5 major healthcare markets: Arizona, Dallas, Orlando, South Florida, and
Wisconsin. These markets were specifically selected because of their size and the similarity
of their insurance products, as well as to provide a degree of geographical diversity. More
than three quarters of individuals were enrolled in point of service / exclusive provider
organization insurance plans with health maintenance organization plans comprising ≤12%
of enrollees in any market. Dallas had the largest proportion of enrollees in preferred
provider organization / indemnity plans (∼23%) compared with other markets (≤2%).
Within these 5 healthcare markets, all adults ages 18 to <65 years old who were alive and
continuously enrolled in a health plan administered by UHC between January 1, 2005 and
December 31, 2007 were identified.

Data Elements
UHC administrative data included information on the age and sex of enrollees along with
type of medical services performed as classified by Current Procedural Terminology (CPT)
codes and the location where services were delivered. The location of imaging services was
recorded in the administrative claims, and classified into the following categories: hospital
inpatient (performed during a hospital admission), hospital outpatient (performed within
hospital facilities for non-hospitalized patients), and physician offices. Cardiac imaging
procedures associated with radiation exposure were identified using CPT codes and
classified into the following categories: 1) myocardial perfusion imaging (MPI) scans with
planar imaging, single photon emission computed tomography (SPECT), or positron
emission tomography (PET) imaging, 2) diagnostic cardiac catheterization and/or
percutaneous coronary intervention (PCI), 3) cardiac blood pool imaging such as
equilibrium radionuclide angiogram (ERNA) or multi-gated acquisition scan (MUGA), 4)
electrophysiological procedures (including device implantations and arrhythmia ablation
procedures), and 5) cardiac computed tomography (CT). Because CPT codes for cardiac CT
became effective on January 1, 2006, the analysis only considered cardiac CT studies billed
during the 2-year period from 2006-2007.

Estimates of Radiation Dose
We surveyed the published literature to obtain estimates of effective doses of radiation
associated with each cardiac imaging procedure. Effective dose, reported in millisieverts
(mSv), is a measure of the overall detrimental biological effect of a given radiation
exposure. It is calculated by weighting the concentrations of energy deposited in each organ
from a given radiation exposure, taking into account type of radiation and the potential for
organ-specific damage in a reference individual.10, 11 Effective dose allows for population-
level comparisons across different types of radiation exposure.9, 12 Estimates for effective
dose for cardiac imaging procedures were obtained from a recent systematic review13 as
well as other published sources.14-16 Estimation of the effective dose for MPI studies was a
particular challenge given the wide diversity in varying protocols (e.g. single versus dual
isotope) across the nation. We arrived at an estimate of 15.6 mSv for the effective dose of
MPI studies after considering the dosimetry of specific radiopharmaceuticals,17 their median
injected activities,18 and the distribution of imaging protocols in the U.S.19 Estimates of
effective doses for the cardiac imaging procedures commonly performed in our study cohort
are presented in Table 1.
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As in a prior study5, the 3-year cumulative effective dose was calculated for each enrollee
according to the type of procedure performed and pattern of claims submitted for that
service. For example, if an individual had cardiac imaging procedures across multiple
categories on the same day (e.g. MPI followed by PCI) the effective doses associated with
each of the procedures were included in the cumulative effective dose for the individual.
However, if there were multiple imaging procedures on the same day within a single
imaging category, only the procedure with the highest effective dose was added to an
individual's cumulative effective dose in order to avoid any overestimation. For example,
accumulating radiation exposures for both diagnostic left heart catheterization and a stent
implantation separately would likely overestimate the dose received due to overlapping
radiation exposure during these procedures; in this example, only the higher effective dose
from stent implantation would be included. This conservative approach reduced the potential
risk of over-estimating radiation exposure.

Statistical Analysis
The proportion of patients who underwent any cardiac imaging procedure was calculated
based on the overall denominator of enrollees, and then examined across age, sex, age-sex,
and service market categories. The number of cardiac imaging procedures with radiation
exposure was calculated by dividing the annual number of procedures by the denominator of
enrollees across 5 procedure categories (MPI, CATH/PCI, ERNA/MUGA, cardiac CT and
electrophysiologic studies) and 3 locations (hospital inpatient, hospital outpatient, and
physician office) as described above.

We calculated population-based rates of receiving cumulative effective doses of radiation
for 3 categories of radiation exposure based on estimates of background exposure from
natural sources in the U.S. as well as categories currently recommended for radiation
protection in medical occupations. The 3 categories were: ≤3 mSv per year (the background
level of radiation absorbed from natural sources in the United States8); >3-20 mSv per year,
and >20 mSv per year (the upper annual limit for occupational exposure for at-risk workers
averaged over 5 years).9 Numerators for these rates were the number of enrollees with
cumulative effective doses in these categories; denominators included the total number of
eligible enrollees in the study period. Direct standardization with the overall population as a
reference was used to account for differences in the distribution of age and sex across the
five health care markets.20 The chi-squared test was used to assess differences across
categories. All statistical analyses were carried out with the use of SAS software, version 9.1
(SAS Institute Inc., NC).

Study Oversight
This study was investigator-initiated and the authors were responsible for its design and the
creation of the manuscript. The authors had complete control of the data and independently
conducted the analysis. No external funding was provided for this study and there was no
need to obtain approval from UHC prior to its submission for publication.

Results
The study population consisted of 952,420 non-elderly adults with continuous enrollment in
health insurance programs administered by UHC from 2005 to 2007. Mean age was 35.6
years (standard deviation, 23.0) and there were 499,342 (52.4%) women. The largest
number of enrollees came from the Dallas market area (298,747), while the smallest number
of enrollees was located in the Orlando market area (133,561).
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During the study period, a total of 90,121 (9.5%) enrollees underwent at least one cardiac
imaging procedure associated with radiation exposure over the 3-year study period (Table
2). The proportion of enrollees who underwent at least one cardiac imaging procedure
increased with age, ranging from 1.5% in patients 18-34 years old to 20.9% in patients
55-64 years old. A higher proportion of men underwent cardiac imaging procedures
compared with women (10.5% v 8.5%, p<0.0001). The proportions of enrollees undergoing
any cardiac imaging procedures were highest in the South Florida and Orlando healthcare
markets compared with the 3 remaining healthcare markets.

A total of 172,194 cardiac imaging procedures with radiation exposure were performed over
the 3-year study period. Table 3 reports the number of cardiac imaging procedures
performed per 1000 enrollees per year. Overall, the annual rate of use of cardiac imaging
procedures was 60.3 per 1000 enrollees. MPI studies were the most common cardiac
imaging procedure performed; the second most commonly performed procedure was cardiac
catheterization and/or PCI. In general, annual rates for all cardiac imaging procedures were
higher in men with the exception of ERNA/MUGA. Overall, approximately half of all
cardiac imaging procedures took place in physician offices (47.8%) with the remainder
divided between hospital inpatients (26.4%) and non-hospitalized patients who underwent
imaging in hospital facilities (25.5%). The majority of MPI and cardiac CT studies were
performed in physician offices — 74.8% and 76.5%, respectively.

The total cumulative effective dose received by the study population from cardiac imaging
procedures over three years was 2,084 Sv. Among 90,121 patients undergoing at least 1
cardiac imaging procedure, the mean cumulative effective dose over the 3 years was 16.4
mSv while the median dose was 15.6 mSv, ranging from 1.5 to 189.5 mSv. There were 3173
individuals who received >20 mSv annually over the 3-year study period and 75 individuals
received >50 mSv annually.

Table 4 reports on the number of cardiac imaging procedures and proportion of radiation
dose, according to location. Overall, the rate of cardiac imaging procedures was highest in
physician offices (28.8 per 1000 enrollees per year) compared with hospital inpatient and
hospital outpatient locations (15.9 and 19.6 per 1000 enrollees per year, respectively
p<0.0001). Slightly more than half of the overall radiation dose was delivered in the
physician office setting (58.8%). These findings were consistent across enrollee age and sex
categories. Physician office-based imaging continued to be largest contributor of procedures
and radiation dose across the 5 service markets, with the exception of Wisconsin, where
hospital outpatient locations had the highest procedure use and contribution to overall
radiation dose.

The Figure displays the contribution of cardiac imaging procedures to the cumulative
effective dose of radiation, according to type of imaging procedure performed. Overall, the
largest contributor to the cumulative effective dose was MPI studies, which were responsible
for 74.2% of the cumulative effective dose, while diagnostic cardiac catheterization and PCI
procedures contributed to 21.4%. Among women and men age 18-34 years, MPI was the
largest contributor to radiation dose (81.3% and 78.4%, respectively). In contrast, among
patients with annual dose >20 mSv and >50 mSv, diagnostic cardiac catheterization and PCI
procedures were the largest contributors to radiation dose (66.2% and 48.4%, respectively).
Of the 75 patients with annual dose >50 mSv, 73 patients underwent 5 or more diagnostic
cardiac catheterization or PCI procedures, with a median of 4 MPI/PET studies performed in
this subgroup. Of the 3173 patients with annual dose >20 mSv, 1,727 patients underwent 5
or more diagnostic cardiac catheterization or /PCI procedures with a median of 3 MPI/PET
studies performed in this subgroup.
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Table 5 reports calculated population-based rates of receiving annual effective doses of
radiation across different thresholds. Overall, 89.0 per 1000 enrollees had annual effective
doses of >3 to 20mSv per year and 3.3 per 1000 enrollees had doses of >20mSv per year.
The rate of individuals exposed to >3-20 and >20 mSv per year rose dramatically with
increasing age and were higher for men as compared with women. Adjusting for age and
sex, the population-based rate of receiving annual effective doses of >3 to 20mSv and
>20mSv were highest in the Orlando and South Florida healthcare markets.

Discussion
This study provides contemporary data on the cumulative effective doses of radiation from
cardiac imaging procedures in nearly 1 million non-elderly insured adults. We observed that
nearly one out of ten adults underwent at least one cardiac imaging procedure with radiation
exposure during the 3-year study period. The distribution of cardiac imaging procedures was
skewed, with sizeable effective doses accumulating in a minority of individuals over time.
For example, approximately 10% of our study population overall underwent at least one
cardiac imaging procedure with radiation exposure.

The public health and clinical implications of radiation exposure from cardiac imaging are
not easily determined. Clinicians and patients must consider tradeoffs between the benefits
of cardiac imaging procedures against their potential long-term risks due to radiation, mainly
those of malignancy. The National Academies' seventh Biologic Effects of Ionizing
Radiation (BEIR VII) report, a comprehensive assessment of the health risks from exposure
to ionizing radiation, estimates that a 100 mSv radiation dose would lead to 1 additional
cancer per 100 individuals over a lifetime.21 Studies have also estimated cancer risk from
radiation exposures associated with specific cardiac imaging procedures. A model of CT
coronary angiography suggested that the lifetime attributable risks of cancer were 1 in 284
for a 40-year old woman and 1 in 1007 for a 40-year old man.22

Although the overall proportion of enrollees experiencing high cumulative effective doses
was relatively small in our study population, the absolute number individuals at risk may be
considerable when our findings are extended to the U.S. population. With approximately
191 million adults age 18-64 years in the U.S.,23 annual effective doses of >20 mSv per year
from cardiac imaging procedures would occur in ∼636,000 Americans, if cardiac testing
patterns were similar to those in our UHC population.

Of course, radiation exposure from cardiac imaging procedures may be worth the risk for
many patients. Certain procedures, such as PCI or device implantation, are performed to
mitigate the risk of near-term and even life-threatening cardiac events while the potential
malignancy risk from radiation exposure is a long-term stochastic consideration that may
occur typically decades after exposure.24 Yet our study demonstrates that there are sizeable
rates of radiation exposure for patients aged 35-54 years, many of whom will likely live long
enough to potentially develop such long-term complications. Many of these younger patients
may be candidates for alternative imaging modalities that do not use ionizing radiation but
provide similar clinical information for informed decision-making. For example, alternatives
such as stress echocardiography or in some cases exercise testing alone without imaging
could serve as alternatives to MPI scans. Similarly, while cardiac blood pool studies
contributed a small amount to overall radiation exposure, judicious use of echocardiography
or cardiac MRI may lead to lower lifetime doses.

In cases where radiation exposure from cardiac imaging procedures is unavoidable because
of clinical need, it is possible that the risks can be reduced even further. Investigators have
shown that radiation exposures from cardiac imaging procedures, such as cardiac CT, differ
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considerably across imaging centers due to variations in equipment, protocols, and
experience25, 26 and that radiation exposure can be reduced further by incorporating optimal
technical practices.27-31 Given that the current expert consensus is that no level of radiation
exposure exists that is not potentially harmful, physicians should guided by a principle of
“as low as reasonably achievable” (ALARA) to reduce lifetime biological risk from the
radiation exposure associated with cardiac imaging procedures.32

As frequent providers of record for many cardiac imaging services and procedures,
cardiologists bear a particular responsibility for minimizing radiation risk to patients while
achieving clinical goals, balancing potential benefits from reducing the burden of cardiac
disease term in the near-term with potential harm of malignancy in the long-term. Cardiac
imaging procedures account for a substantial proportion of the radiation exposure from
medical testing. The mean annual effective dose for medical imaging overall in this UHC
cohort was previously estimated at 2.4 mSv,5 suggesting that cardiac procedures account for
∼30% of total dose received. This proportion parallels recent findings from cross-sectional
data collected by the U.S. National Council on Radiation Protection and Measurements.33

Yet despite their frequent utilization of these studies, cardiologists, like many other
physician specialties, are not optimally trained in how to describe the risks of radiation to
patients.34, 35 Several reports have demonstrated that patients do not receive information
about the radiation dose and risk associated with MPI studies36 or CT scans37, 38 from
providers, and equally concerning is that many physicians are often unable to quantify
radiation risk.34, 37 Educating cardiologists on more effective methods to inform patients
regarding the risks of radiation from cardiac imaging procedures and potential alternatives
can help in reducing lifetime radiation exposure.35

The finding that variation in cumulative effective doses of radiation exists across the 5
service markets in our study is not unexpected. Differences in radiation exposure largely
reflect regional differences in the rates of cardiac imaging procedures, a previously-
established phenomenon.39 Many potential reasons exist that account for regional
differences in the use of cardiac imaging procedures with radiation exposure. Differences in
patient case mix potentially explain why beneficiaries in Florida were more likely to
undergo cardiac imaging procedures, although cumulative radiation dose remained higher
even after adjusting for age and sex. Regional differences may also occur if there were
differences in the use of alternative imaging modalities that do not use ionizing radiation—
factors such as geographic availability, clinical preferences, or level of reimbursement may
be important explanatory factors. Lastly, our findings may reflect that cardiac imaging
procedures are overused in some areas or underused in others; further research examining
whether differences in the appropriateness of cardiac imaging exist across regions is needed.

The relationship between the location of cardiac imaging procedures and cumulative
radiation dose is not entirely clear. South Florida and Orlando had the highest annual rates
of cumulative radiation dose >3 mSv with the majority of cardiac imaging procedures taking
place in physician offices. In contrast, Dallas and Wisconsin had the two lowest annual rates
of cumulative radiation dose >3 mSv, but the former had most cardiac imaging procedures
performed in physician offices, while the latter had most imaging procedures performed in
the hospital-outpatient setting. As such, differences in location of cardiac imaging appear
less important than differences in absolute rates of procedure use across service markets.
However, as more than half of the radiation from cardiac imaging studies consisted of tests
based in physician offices, efforts to monitor and reduce radiation exposure at these facilities
may yield greater dose reductions compared with those aimed at hospital-based facilities.
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We found that cardiac imaging procedures contributed an increasingly higher proportion of
radiation dose with advancing age, for both men and women. This phenomenon is not
unexpected as the probability of cardiovascular diseases increases with age. Yet on a
population level, we also observe that many young and middle-aged patients appear to have
some radiation exposure from cardiac testing. For example, 56 per 1000 beneficiaries aged
35-44 years old in our study population had a cumulative effective dose >3 mSv per year
from cardiac imaging procedures; this translates into approximately 2.4 million individuals
in the U.S. Because younger patients are likely to continue to be exposed to radiation over
time from both cardiac and non-cardiac testing, they are particularly susceptible to higher
risks of malignancy over time. Younger women are especially susceptible to the deleterious
effects of radiation exposure and have higher cancer risk from a given exposure compared
with older women or men.22, 26 Our findings that MPI studies contributed to approximately
80% of all radiation dose for patients age 18-34 years, suggests that alternative modalities to
evaluate ischemia (such as stress echocardiography) would decrease the radiation dose
substantially for these patients. Among adults with the highest doses of radiation, cardiac
catheterization and PCI procedures were important contributors to overall radiation dose.
Cardiologists should exercise particular caution using established techniques for minimizing
exposure in the cardiac catheterization laboratory, particularly for patients undergoing repeat
procedures.40

The urgency for implementing strategies for reducing radiation exposure from cardiac
imaging procedures will only increase as the volume of such studies continues to grow in the
U.S. For example, reimbursement for screening CT scans for coronary calcium is now
mandated in one state,41 and the number of cardiac CT studies will almost certainly
increase.42 The expansion of in-office imaging is also thought to be a significant contributor
to increased utilization.43 Given that nearly half of all cardiac imaging procedures overall
(and three-quarters of MPI and cardiac CT studies) were conducted within physician offices
in our study population, increases in in-office imaging will likely continue to lead to
increased imaging volume and radiation exposure. As a result, efforts to monitor and reduce
the burden of radiation exposure will be progressively more important as the number of
cardiac imaging procedures grows.

Our study has a number of limitations. First, our approach to quantifying radiation is based
on estimates of effective dose, rather than on a patient-specific measure. These estimates of
effective dose rely on a number of assumptions such as the radiosensitivity of specific
organs and tissues, specific imaging techniques and protocols, and radionuclide distribution
and elimination kinetics.44 These estimates also are limited as they apply to a “reference”
individual that represents an age- and sex-averaged person. However, while imperfect,
effective dose is the only readily-available measure that reflects the overall potential
biological harm across different types of radiation exposure.10, 45 As the focus of our study
was to evaluate population-level radiation exposure, the precision of patient-specific
radiation dosages is less of a concern compared with the overall patterns of imaging use and
radiation burden.

Second, we are unable to determine the appropriate use of these cardiac imaging procedures.
Administrative data is inherently limited in its ability to assess the clinical context under
which a procedure was used. For example, determination of risk factors such as family
history or diabetes mellitus are not available in our data and indications for testing based on
ICD-9 diagnostic codes are non-specific, frequently referring to tests ordered to “rule-out”
particular conditions. We therefore could not determine whether any of these cardiac
imaging procedures could have been substituted with another test or even whether they
should have been used at all. However, the focus of this study was to describe the
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longitudinal radiation exposure currently delivered in actual clinical practice rather than the
exposure that would result under optimal conditions.

Third, we are unable to consider operator or facility factors which may affect the dose
received. As noted earlier, radiation exposure from cardiac imaging procedures often vary
significantly across institutions and equipment vendors.25 Similarly, we did not account for
continuing technological advances that lower radiation exposure, such as those that have
occurred in cardiac CT.46, 47

Fourth, our study is based on patterns that were observed during 2005-2007. While these
data are fairly contemporary, the development of new technologies and protocols for cardiac
imaging procedures could have a substantial impact on reducing radiation exposure in the
future.48-51 Extrapolation to subsequent years is challenging since advances in cardiac
imaging procedures – e.g., complex arrhythmia ablations or percutaneous stent valves – will
change patterns of radiation exposure in the general population in unforeseen ways. As an
example, while the impact of cardiac CT on overall radiation exposure is small currently, its
future impact may be substantial.

Fifth, as the study sample is limited to those continuously enrolled, UHC enrollees who died
during the study period may have incurred cardiac imaging procedures with radiation
exposure that are not included in our study, underestimating the cumulative rate of exposure.
Subjects who leave UHC health insurance plans during this time were also not included; the
effect on the cumulative rate of exposure is unknown and depends on whether they were
more or less healthy than subjects who remained insured.

Lastly, our study was limited to 5 major healthcare markets with private insurance, and the
use of cardiac imaging procedures with radiation outside of those areas may differ in other
areas of the United States. Although we included nearly 1 million non-elderly adults, the
extent to which our findings can be extrapolated to the elderly or the uninsured is unknown.
In addition, studies and procedures performed out of the UHC insurance network that were
not reimbursed, in whole or part, would not appear in our data. However, given the
substantial cost associated with cardiac testing and procedures, such out-of-pocket services
are unlikely to be a major contributor.

In conclusion, cardiac imaging procedures represent an important source of ionizing
radiation in the U.S. The overall distribution of cumulative effective doses is skewed and
can lead to sizable radiation exposures for many individuals. Better strategies to minimize
the radiation exposure from cardiac imaging procedures should be encouraged.
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Figure. Contribution to cumulative effective radiation dose, by type of cardiac imaging
procedure
Abbreviations: MPI, Myocardial perfusion imaging; CATH, cardiac catheterization; PCI,
percutaneous coronary intervention; ERNA, equilibrium radionuclide angiogram; MUGA,
multi-gated acquisition scan; EP, electrophysiologic procedures; CCT, cardiac computed
tomography
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Table 1
Estimates of Effective Doses for Selected Cardiac Imaging Procedures (in mSv)

Myocardial perfusion study with ejection fraction 15.6

Diagnostic coronary angiography 7.0

Percutaneous coronary intervention 15.0

Cardiac blood pool imaging, gated equilibrium; planar, single study at rest or stress 7.8

Cardiac CT (without contrast, for assessment of coronary calcium) 3.0

Cardiac CT (with contrast, for assessment of coronary arteries, without assessment for coronary calcium) 16.0

Pacemaker insertion 1.5

Comprehensive electrophysiologic evaluation 5.7
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Table 2
Number of enrollees undergoing cardiac imaging procedures with radiation exposure,
2005-2007

Total Patients Patients with radiation exposure from cardiac imaging procedures (%)

ALL 952420 90121 9.5%

Age Groups

 18-34 233586 3405 1.5%

 35-44 263093 15531 5.9%

 45-54 277912 33947 12.2%

 55-64 177829 37238 20.9%

Gender

 Male 453078 47467 10.5%

 Female 499342 42654 8.5%

Men in Age Groups

 18-34 110062 1842 1.7%

 35-44 125814 8087 6.4%

 45-54 131567 17264 13.1%

 55-64 85635 20274 23.7%

Women in Age Groups

 18-34 123524 1563 1.3%

 35-44 137279 7444 5.4%

 45-54 146345 16683 11.4%

 55-64 92194 16964 18.4%

Service Market

 Arizona 180046 14969 8.3%

 Dallas 298747 21285 7.1%

 Orlando 133561 17201 12.9%

 South Florida 170466 23962 14.1%

 Wisconsin 169600 12704 7.5%

p<0.001 for comparisons across age, sex, age-sex and service market categories.
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Table 5
Annual rates of radiation exposure from cardiac imaging procedures, per 1000 enrollees

No exposure >0-3mSv/year >3-20mSv/year >20mSv/year

ALL 905.4 2.3 89.0 3.3

Age Groups

 18-34 985.4 1.0 13.5 0.1

 35-44 941.0 1.8 56.3 1.0

 45-54 877.8 2.7 115.5 3.9

 55-64 790.6 4.3 195.0 10.1

Gender

 Male 895.2 1.8 97.8 5.2

 Female 914.6 2.8 81.0 1.7

Men in Age Groups

 18-34 983.3 0.8 15.8 0.2

 35-44 935.7 1.2 61.6 1.5

 45-54 868.8 1.8 123.3 6.1

 55-64 763.3 4.0 217.2 15.5

Women in Age Groups

 18-34 987.3 1.1 11.5 0.1

 35-44 945.8 2.3 51.5 0.5

 45-54 886.0 3.5 108.5 2.0

 55-64 816.0 4.5 174.4 5.1

Service Market*

 Arizona 916.9 2.6 73.0 3.0

 Dallas 928.8 2.2 69.5 3.4

 Orlando 871.2 2.4 118.4 4.1

 South Florida 859.4 2.1 133.6 4.1

 Wisconsin 925.1 2.3 71.5 2.2

*
Proportion adjusted for age and sex using direct standardization to the overall population

p<0.001 for comparisons across age, sex, age-sex and service market categories.
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