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Myocardial perfusion imaging (MPI) is a valuable
diagnostic and prognostic tool for managing the care of
cardiac patients. However, nuclear MPI modalities
require the use of radiopharmaceuticals that expose
patients to ionizing radiation, which is thought to be
associated with a small but nonzero risk. In most cases,
and in particular for appropriately indicated studies, the
clinical utility of MPI far outweighs the potential harm
to the patient of such radiation. Even so, optimizing the
care of patients warrants ensuring that the resultant
radiation exposure to the patient from ionizing radiation
emitting modalities is kept to a level ‘‘as low as rea-
sonably achievable,”” to maximize the benefit-to-risk
ratio. The concern for optimizing radiation dose (i.e.,
finding a balance between image quality, the utility of
the imaging study, and radiation exposure to the patient)
in diagnostic imaging, including MPI, has prompted
substantial effort and interest from healthcare stake-
holders. Over the past decade, that effort has led to the
identification and encouragement of ‘‘best practices’’
and multiple awareness campaigns (e.g., Image Wisely
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and Choosing Wisely) targeted at radiation dose reduc-
tion. In this issue of the Journal, Al Badarin et al.!
present the experience of a large, multicenter clinical
group in their efforts over time to reduce ionizing
radiation exposure to patients undergoing MPI in 9 sites
of the Mid America Heart Institute health system in
metropolitan Kansas City and its surrounding rural
communities.

Recently, the International Atomic Energy Agency
(IAEA) outlined eight best practices for optimizing
radiation exposure in MPI procedures.” These practices
relate to radiopharmaceutical selection and dosing,
protocol selection, and imaging technology (hardware
and software) used. Empirical data support the notion
that the use of these practices can result in a reduction in
radiation exposure to patients undergoing MPI. For
example, the recent INCAPS study highlighted the
association between the use of each of these practices
and reduced exposure to patients as measured by the
effective dose. In the context of the United States, we
also have empirical evidence that the use of these
practices can result in relatively lower exposure to
patients.® For example, Chang et al.* showed that the use
of stress-only protocol was associated with a 61%
reduction in radiopharmaceutical dosage, and thus a
reduction in radiation exposure. Likewise, studies uti-
lizing PET scanning were also shown to result in a lower
dose (3.7 mSv vs. 12.3 mSv mean effective dose for
SPECT imaging MPI).> Laboratories employing best
practices are more successful at achieving a lower dose
on average to their patient populations and are more
likely to achieve the target of <9 mSv effective dose,
recognized as an important benchmark for radiation
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protection, when compared to laboratories where such
best practices are not employed.”

The clinical practices examined by Al Baldarin
et al.' adopted several ‘‘radiation-sparing practices’
(RSPs), similar to those outlined by the IAEA. The
uptake of such RSPs differed among centers, although
most of the over 55,000 patients observed had their
studies performed at sites considered to have ‘‘ad-
vanced’’ capabilities for RSPs. Unsurprisingly, the
investigators were able to show that the use of each RSP
was associated with a reduction in estimated radiation
dose to the patient. The greatest benefit was seen in
studies that used a combination of stress-only protocol
and modern imaging technology (e.g., solid-state
SPECT camera, advanced post-processing software).
Substantial reductions in the estimated radiation dose to
the patient were also achieved with the use of PET and
with the elimination of studies using thallium. Al Bal-
darin et al." also showed that laboratories with advanced
capabilities for RSPs were more likely to achieve the
target set by the American Society of Nuclear Cardiol-
ogy (ASNC) of a median patient ED of <9 mSv. That is,
laboratories utilizing the RSPs had a higher proportion
of patients meet the benchmark for high performance in
radiation protection when compared to laboratories that
were less successful in implementing one or more of the
RSPs (65.7% vs. 10.8%).

The observed reductions in radiation exposure
realized by the clinical practices examined by Al Bal-
darin et al.' are encouraging. However, the results
achieved by those clinicians are also something of an
anomaly in the context of MPI practice in the United
States. Data submitted to accreditation bodies around the
same time as the cases observed by Al Baldarin and
colleagues suggest a large majority of laboratories in the
United States are exceeding the benchmark ED of
<9 mSv for MPI cases.®™ Similar results were observed
in the United States laboratories that participated in the
INCAPS study.” The INCAPS study also showed that
the majority of those participating laboratories had yet to
implement many of the radiation dose optimization best
practices identified by the IAEA.

How is it that the those laboratories observed by Al
Baldarin et al." were able to achieve what others in the
United States could not with respect to radiation pro-
tection of patients undergoing MPI? The success
realized by that group highlights the importance of
resources devoted to dose reduction, in particular newer,
more sensitive camera technology, and advanced post-
processing software that can result in diagnostic-quality
images with lower administered activity. Certainly, one
cannot expect that all laboratories will be able to
implement these technological advances today, as the
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capital costs may be prohibitive. However, the cameras
currently employed in many laboratories will age and
eventually require replacement, at which point we could
see radiation exposure to patients come down across the
United States as a consequence of optimal use of newly
acquired technology which is more dose-efficient.

The study by Al Baldarin et al." also highlights that
improvements in radiation protection can be realized
without the need for new and perhaps prohibitively
expensive technology. For example, stress-only imaging
can be used to reduce radiation dose to many patients
with no additional resource requirements.“) Likewise,
radiation dose reductions can be achieved with a change
in the dose and in some case the type of the radio-
pharmaceutical(s) used in the MPI study protocol, with
no appreciable loss of diagnostic utility. Such practices
may even require fewer resources than are already
devoted to MPI practice in many laboratories. However,
implementing such strategies (so that the radiation dose
reductions attributable to them may be obtained) may
require a change in workflow or remuneration schemes.
For example, stress-only MPI requires a physician to
review images after the initial stress images are acquired
so that a decision can be made about the need for rest
imaging. In practices where a physician must attend to
other tasks over the course of a clinic day, and as a result
may only interpret the MPI studies at the end of the day,
the use of a stress first protocol may require a change not
only to activities related to MPI, but also to the cardi-
ology practice at that clinic or hospital. Likewise, with
some payers eliminating the rest portion of the MPI
study may result in significant loss of income to the
clinic, which in some cases may make the operation of
the laboratory not financially viable (due to minimum
personnel, infrastructure, and equipment costs required
to operate the laboratory that must be amortized over
fewer studies). One can surmise that low-volume labo-
ratories and/or those located in smaller metropolitan or
rural areas may be more impacted by this loss of income
affecting the viability of the practice, potentially further
exacerbating access inequities across the country. A
possible solution may be to ensure that remuneration
schemes do not penalize the laboratory financially for
eschewing the often unnecessary rest imaging study
(i.e., remuneration is tied to the activity of diagnosing
the patient’s pathology and not to the number of studies
performed to reach that diagnosis). Changes in radio-
pharmaceutical use may also require changes in
workflow, in particular to the order and timing of studies
for a single patient.

Even if laboratories do not have the resources to
acquire the latest camera technology or are bound to
workflow and/or remuneration schemes, there are still
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ways to reduce in which radiation dose may be
optimized. For example, Bloom and Meyers,'' inter-
estingly from another large cardiology group in
Kansas City, present some innovative strategies for
radiation dose reduction to patients undergoing MPI
where resources are limited. Those authors suggest the
potential benefit of using a protocol with multiple
positions during the stress phase of imaging and the
use of advanced post-processing software that can be
added onto existing software at a nominal cost. Their
experience highlights the importance of innovation in
resource-constrained environments. Certainly, those
practices suggested by the IAEA for radiation pro-
tection are not exhaustive of all practices. It is
incumbent on the nuclear cardiology community that
it continues to seek out new ways of protecting
patients while delivering high-quality care.

In most cases, potential detrimental effects of
exposure to medical radiation are strongly outweighed
by the clear benefits that can be realized from
knowledge of pathology. The challenge to the clini-
cian and patient alike is optimally balancing those
benefits and risks. A reduction in radiation exposure,
when it has no impact on the diagnostic utility of the
study, may appreciably reduce risk with no impact on
the realized benefit. Where that is the case, patients
and physicians can perhaps feel more confident with a
decision to use MPI in the management of care.
Employing those best practices shown to reduce
radiation exposure to the patient, as has been splen-
didly achieved in the Mid America Heart Institute
health system, can help the community attain a pop-
ulation reduction in risk. Where those best practices
cannot be employed, stakeholders should still seek
innovative ways to reduce radiation exposure while
maintaining diagnostic image quality. Of course,
optimizing dose for any procedure is only one part of
a comprehensive radiation protection strategy—any
program to optimize radiation dose begins with con-
scientious use of imaging studies.
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