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Medical technology has advanced at a rapid pace,

particularly, the diagnostic imaging tools relied upon

daily to care for patients. Myocardial perfusion imaging

(MPI) uses advanced technology and radiopharmaceu-

ticals to detect, assess, and risk-stratify ischemic heart

disease.1,2 The level of radiation exposure from these

scans is often higher than other diagnostic imaging

procedures.3 Patients and health care providers are

increasingly more aware of and concerned about the

potential health risks associated with radiation expo-

sure.4 It is, therefore, prudent that the radiation dose

from diagnostic imaging scans be kept as low as possible

while maximizing image quality. Therein lies the

problem.

If we were to construct the ideal radiation reduction

strategy, it would be adaptable to patients of all ages,

body habitus, ambulatory status, and admission state.

Protocols should be flexible for both patients and labo-

ratories while hopefully improving workflow. Expensive

hardware and software would not be required, and there

should be associated cost savings. All of this must be

accomplished while concomitantly producing high-

quality images that can be confidently used to make the

correct diagnosis.

To address concerns related to radiation, the

American Society of Nuclear Cardiology (ASNC)

published several recommendations for reducing radia-

tion dose.5-7 Suggested approaches include utilization of

appropriate use criteria, stress-only imaging, limited use

of a dual isotope protocol, and PET imaging, where

appropriate. Other approaches rely on recent improve-

ments in camera hardware and software such as high-

sensitivity cadmium zinc telluride (CZT) solid-state

detectors and iterative reconstruction resolution recov-

ery algorithms, which can allow injection of less

radiotracer and/or decrease image acquisition time.8,9

Along with specific techniques for lowering radiation

dose, the many recommendations emphasize patient-

centered imaging that tailors the imaging protocol

specifically to each patient.10-12

ASNC specifically advocated reducing radiation

exposure such that [50% of a facility’s MPI patients

receive a total effective dose B9 mSv.5 A recent study

published by Jerome et al. reviewed 5216 MPI studies

performed at 1074 Intersocietal Accreditation Commis-

sion accredited facilities in 2012 and 2013.13 They

found most facilities were not meeting this radiation

dose goal. They reported the average effective dose was

14.9 ± 5.8 mSv, far above the B9 mSv goal. Only 1.4%

of all laboratories administered B9 mSv in [50% of

cases. Additionally, they found that only 0.4% of studies

performed were stress-only, and 7.5% of facilities con-

tinued to use the dual isotope protocol. These findings

suggest that laboratories still encounter difficulties in

routinely lowering radiation dose effectively.

One particular struggle in reducing radiation expo-

sure is obtaining quality images in obese patients at a

lower radiation dose. Considering there are over 300

million obese people in the United States and with the

number growing, better options to imaging obese

patients are promptly needed.14 Increased body mass

results in photon attenuation which decreases the signal-

to-noise ratio and increases scatter. The outcome is

image noise, artifacts, and nondiagnostic results.15,16
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The obvious solution is to either increase image acqui-

sition time or increase radiopharmaceutical dose. Both

options are not without problems.

Longer acquisition time can lead to increased count

density but at the cost of patient comfort. In practice,

most patients cannot lie still for more than 20–25 min-

utes without moving and creating associated motion

artifacts. No known measures defining adequate count

density exist to help labs determine appropriate time per

stop or count density as camera sensitivity and acqui-

sition parameters vary widely.

Likewise, there are no clear guidelines for weight-

based dosing in obese patients. Most published recom-

mendations only suggest dosing schemes for lighter-

weight patients5 or dosing using advanced technology

instead of conventional SPECT cameras.17 This issue is

so multifaceted that the authors of the 2015 European

Association of Nuclear Medicine Guidelines for MPI

state that ‘‘it is not possible to make precise recom-

mendations regarding injected activities as hard

evidence documenting superior results with certain

activities is not available.’’18 The most recent ASNC

SPECT Imaging Guidelines are also noncommittal with

regard to dosing strategies for obese patients.19 The

guidelines suggest, ‘‘as a strategy to be considered,’’ a

two-day protocol for patients weighing more than 250

lbs. using 18 to 30 mCi of a Tc99m tracer administered

each day. A one-day protocol can also be followed using

10 mCi of Tc99m for patients with a BMI 30 to 35 kg/

m2 or 12 mCi for patients with a BMI[35 kg/m2 for the

first dose and three times the amount used for the second

dose. The recommendations also suggest the substitution

of PET in place of SPECT imaging for overweight

patients as an option. Clearly, there is no consensus on

the best approach.

In the current issue of Journal of Nuclear Cardiol-

ogy, Oddstig et al. tackled the question of reducing

radiation dose by evaluating a linear weight-adjusted

low-dose protocol for obese patients. Based on their

prior study of a low-dose protocol for nonobese patients

using 2.5 MBq/kg body weight, they projected this

concept for patients who were obese in an attempt to

expand the 2.5 MBq/kg to all types of patients.20 In this

prospective study, patients weighing less than 110 kg

received 2.5 MBq/kg of 99Tc-tetrofosmin, while for

patients weighing 110 to 120 kg and[120 kg, a fixed

dose of 430 and 570 MBq, respectively, were used.

Images were obtained using a conventional gamma

camera with resolution recovery software or a newer

CZT cameras, with about half of the subjects imaged in

each of the two groups.

A subgroup consisting of sixteen patients with body

weights over 110 kg were resampled into a reduced

acquisition time based on a mathematical calculation

that corresponded to an administered activity of 2.5

MBq/kg. Those that received a reduced imaging time

were found to have total counts in the left ventricle that

were similar to counts from the nonobese patients who

received the same dose. Two blinded observers mea-

sured perceived quality and found the quality between

the fixed dose and shorter imaging time to be identical.

Given these findings, Oddstig et al. concluded that the

traditional higher administered activity and prolonged

acquisition time for obese patients were not necessary to

obtain an adequate myocardial perfusion study in terms

of image quality and ischemia quantification.

This innovative dosing scheme is to be commended,

but it is not without limitations. First, the results are a

theoretical representation of a proof of concept. In the

methods, the investigators did not acquire actual images

from lower administered radiotracer doses. Count rates

were simulated using the acquired count rate; then, a

new acquisition time was calculated to correspond to the

number of counts that would have been acquired if the

administered activity was 2.5 MBq/kg.

The authors acknowledge that the study only

examined four patients with a weight of[120 kg on the

CZT camera due to positioning challenges. The overall

number of obese patients was still small at 33 patients,

and those patients had a wide range of BMIs (31 to 58

kg/m2).

Thirdly, the investigators imaged patients using a

GE Discovery 530 CZT camera and GE Ventri conven-

tional camera with resolution recovery reconstruction.

Both cameras models are relatively new on the market,

utilizing state-of-the-art technology. In 2013, Bateman

et al. reported an average camera age of 7.7 ± 4.8

years.21 A recent query of the Intersocietal Accreditation

Commission database shows that the average camera age

of facilities applying for accreditation in 2015 was

11.5 ± 5.1 years. Therefore, in order for the results of

this study to apply to a majority of facilities, the results

would need to be validated on a wide variety of camera

types which are in use by most laboratories.

The proposed dosing scheme also may be limited in

terms of practicality. Administering an exact dose of

radiotracer may be problematic. Calibration of smaller

doses may limit flexibility and negatively affect the

ability to administer doses to patients who arrive late for

their study. In addition, adhesion of both Tc99m radio-

pharmaceuticals to the syringe can be problematic. A

recent study suggested that 20.1% ± 8.0% of the ses-

tamibi dose can remain in the syringe.22 Dispensing the

hypothesized lower amount proposed by Oddstig et al.

could result in actual administered doses less than

intended and risk compromising image quality. This

could be compounded because most facilities in the

United States utilize delivered unit doses. Finally,
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Jerome et al. found that most labs routinely use 10 and

30 mCi Tc99m MPI doses for all patients.13 The new

dosing scheme would require labs to obtain height and

weight and then calculate the exact dose to be ordered.

This would create a small, albeit noticeable amount of

additional work for technologists and potential loss of

flexibility. All of these practical limitations are sur-

mountable but would need to be considered by a

laboratory prior to implementation.

The intention of this study was to achieve a

reduction in radiation dose given to the obese patient.

With the hypothesized approach of administering a

lower dose, which the authors have shown works in

‘‘normal’’ weight patients as well as obese patients,

there is an unintended benefit of using less Tc99m

overall—even worldwide. In the recent past, we suffered

Tc99m shortages, and another shortage may gloom our

future.23 If the author’s strategy proves to be effective

and adopted widely, further study of the amount of

Tc99m usage throughout the world needs to be looked at

as this may have a major impact on the supply/demand

and future generator production.

In summary, before the hypothesized, 2.5 MBq/kg

administration schedule can be added to the arsenal of

radiation reduction techniques, further dedicated

research is needed to confirm the practicality of this

approach, the maintenance of image quality and accu-

racy. Studies need to be performed actually

administering the proposed individual weight-based

dose and overcoming the challenges cited above. The

investigators are to be congratulated for ‘‘thinking out-

side of the box’’ and proposing a novel method to lower

radiation dose, especially in obese patients where there

is a performance gap. In their study, they were mindful

of the effect of lower doses on image quality, reinforcing

that image quality must never be jeopardized at the

expense of lowering dose. Their proposed dosing strat-

egy follows the principles of patient-centered imaging

and is another step toward the goal of personalized

medicine. The results of this study appear to be

promising in reducing radiation dose for obese patients,

and research on additional strategies to lower and stan-

dardize radiation doses in obese patients is encouraged.
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