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The 2010 North American Consensus Guidelines (NACG) for pedi-

atric administered doses and the European Association of Nuclear
Medicine (EANM) Dosage Card guidelines recommend lower activ-

ities than those administered at our institution. We compared the

quality of the lower-activity images with the higher-activity images
to determine whether the reduction in counts affects overall image

quality. Methods: Twenty patients presenting to our pediatric radi-

ology department for bone scintigraphy were evaluated. Their mean

weight was 20 kg. The patients were referred for oncologic (n 5 10),
infectious/inflammatory (n 5 5), and pain (n 5 5) evaluation. Dy-

namic anterior and posterior images were acquired for 5 min for

each patient. Data were subsampled to represent different admin-

istered activities corresponding to the activities recommended by
the NACG and the EANM Dosage Card. Images were evaluated

twice, first for diagnostic quality and then for acceptability for daily

clinical use. Results: There was no statistically significant difference
in the diagnostic quality of the images from any of the 3 protocols.

Pathologic uptake was correctly identified independent of the ad-

ministered activity, although there was a single false-positive result

for an EANM image. When images were subjectively evaluated as
acceptable for daily clinical use, there was a slight preference for the

higher-activity images over the NACG (P 5 0.04). Conclusion: The
recommended administered activities of the NACG produce images

of diagnostic quality while reducing patient radiation exposure.
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Radiation dose reduction is a major goal within the imaging
community. The rate of use of ionizing radiation was quantified in
a study analyzing the use of diagnostic ionizing radiation studies
in over 350,000 children, selected on the basis of continuous en-
rollment in United Healthcare between 2005 and 2007 in 5 major
markets including Dallas, Texas, and Orlando, Florida. Forty-three

percent of these children were exposed to radiation from at least
one diagnostic imaging procedure performed over the 3-y obser-
vation period (1). Twenty-five percent of the children had at least
2 imaging procedures during that period, and 16% had at least 3.
Bone scintigraphy was the most commonly performed nuclear
medicine procedure. These statistics are important to recognize
because children are at greater risk of radiation side effects such
as latent malignancy because of their rapid development and rel-
atively long remaining life expectancy. On the basis of atomic
bomb survivor data, the likelihood of solid tumor malignancy after
exposure to ionizing radiation is 1.0–1.8 times higher in a 10-y-old
child than in a young adult, and the risk of leukemia is approxi-
mately double (2). Because many children have multiple imaging
procedures, cumulative exposure must also be considered.
In 2010, experts in nuclear medicine collaborated to produce the

North American Consensus Guidelines (NACG) (3). The NACG
were updated in 2014 with no change to the recommended bone
scintigraphy administered activities (4). These guidelines provide
recommendations for standardized administered activities for
many common nuclear medicine studies performed on children,
including bone scintigraphy, renography, and 18F-FDG PET/CT.
When compared with administered activities in many imaging
institutions, including our own, the NACG-recommended activity
for bone scintigraphy is much lower for all patient weights. The
aim of the present study was to evaluate the quality of bone scin-
tigraphy images using the administered activities recommended in
the NACG, as compared with the body surface area–based activ-
ities administered at our institution. The NACG were also com-
pared with the 2008 European Association of Nuclear Medicine
(EANM) Dosage Card (equivalent to the since-released 2014
EANM Dosage Card).
Table 1 shows the administered activities and effective dose

equivalents for children of different weights when the 3 different
administered activity protocols are followed, highlighting the var-
iability most notably in the smallest children. Data were derived
from Publication 106 of the International Commission on Radio-
logical Protection (5).

MATERIALS AND METHODS

Institutional Review Board approval for the project was granted as
a quality assurance project, and the need for informed consent was

waived. Twenty pediatric patients referred to our nuclear medicine
department for bone scintigraphy were prospectively studied. The

clinical indications included malignancy, infection/fever of unknown
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origin, and pain. The patients ranged from 2 mo to 16 y old, with the
exception of a patient who was 20 y old but within the pediatric

weight for dosing (50.5 kg). Patient demographics are presented in
Table 2.

The patients were administered our standard institutional activities
of 99mTc-methylene diphosphonate based on a body surface area no-

mogram (6). For all patient weights, our institutional activities were
greater than the suggested activities based on the NACG and EANM

Dosage Card. Dynamic anterior and posterior images of the chest were
acquired for 5 min in 30-s frames using a low-energy, high-resolution,

parallel-hole collimator with an energy window of 140 keV 6 10%.
The imaging time at our institution is 5 min, as this provides between

500,000 and 1,000,000 counts, which falls within the recommendation
of the Society of Nuclear Medicine and Molecular Imaging (7), and

most patients can lie reasonably still for 5 min. Images acquired
over more than 5 min are subject to increased motion artifacts. The

images were acquired approximately 2.5 h after administration of the

radiopharmaceutical—an interval that is standard and also in line with

the Society of Nuclear Medicine and Molecular Imaging guidelines.
The data were then subsampled to produce images simulating lower

activities by summing several frames proportionate to the decreased
activity. For example, when the NACG administered activity for a

patient was 50% of the institutional administered activity, then 50% of
the counts (5 of the 10 frames, representing 2.5 min of imaging time)

were used to generate the NACG image. Percentages were rounded to
the nearest 10%. These reconfigured images were equivalent to images

that would have been acquired over 5 min using the lower administered
activities as per the different imaging protocols. Institutional, EANM,

and NACG images were generated for each patient, as well as an arbi-
trary 1-min image, for a total of 80 images.

The images were evaluated independently by 2 experienced nuclear
medicine physicians, including a pediatric nuclear medicine specialist,

using the following subjective grading scale: 1, poor; 2, fair; 3, good;
and 4, excellent. Images were presented one at a time, and the inter-

preters were masked to which imaging schedule was used to generate
each image. The interpreters were asked to describe any pathologic

uptake. Four of the 20 patients had pathologic findings in the chest,

using contemporaneous diagnostic bone scintigraphy as the gold standard
for the presence of visible findings.

At a second, separate, sitting, 2 experienced nuclear medicine
physicians working in an unmasked fashion independently evaluated

the images for acceptability for daily clinical practice. High- and low-
dose images were compared side by side, with the interpreters aware

of which images represented the NACG, EANM, institutional, and
1-min images. While evaluating all 4 images for a given patient, the

interpreters were asked which of the images were subjectively accept-
able for daily clinical use.

The statistical likelihood of producing an image of diagnostic
quality was compared among the different administered activity strat-

egies using the Pearson x2 test. The Pearson test was also applied to
the designation of acceptable or not for daily clinical use. There were

not enough patients with pathologic findings within the included field
of view to apply statistical analysis to this evaluation.

TABLE 1
Administered Activities and Effective Doses for 3 Dosing

Schedules

Weight (kg) MBq mSv

Effective dose

reduction vs.

institutional

Institutional

5 148 7.8

10 207 5.6

20 370 5.1

30 444 5.0

40 570 5.5

50 666 5.4

60 696 4.7

70 740 4.2

NACG

5 46 2.5 −68%

10 93 2.5 −55%

20 185 2.6 −49%

30 278 3.1 −38%

40 270 3.6 −35%

50 463 3.8 −30%

60 555 3.7 −21%

70 648 3.7 −12%

EANM Dosage Card

6 60 3.2 −59%

10 95 2.6 −54%

20 170 2.4 −53%

30 240 2.7 −46%

40 310 3.0 −45%

50 375 3.0 −44%

60 445 3.0 −36%

68 490 2.8 −33%

EANM activities include patient weights of 6 and 68 kg rather
than 5 and 70 kg, based on design of EANM Dosage Card.

TABLE 2
Patient Demographics and Indications for Imaging

Demographic Data

Sex (n)

Female 10

Male 10

Age

Range 2 mo–16 y*

Mean 7.1 y

Median 4.5 y

Weight (kg)

Range 4.4–61.4

Mean 28.3

Median 19.8

Indication (n)

Oncologic 10

Infectious/inflammatory 5

Back pain 5

*Plus a 50-kg 20-y-old.
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RESULTS

In our first analysis, the statistical likelihood of producing a
diagnostic image with each of the 4 imaging strategies was eval-
uated. “Diagnostic” was defined as a 2, 3, or 4 on the 1–4 scale.
Separate analysis of the likelihood of producing a “2” versus a “3”
or “4” was performed, and the results were similar. One hundred
percent of the highest-activity images, based on our institution’s
nomogram, were diagnostic. Ninety-two percent of the NACG and
92% of EANM images were diagnostic. These values were not
significantly different (P 5 1 and 0.08 when NACG images were
compared with our institution’s images and the EANM images,
respectively). Sixty percent of the 1-min images were diagnostic—
significantly fewer than for the other imaging protocols (P , 0.001
as compared with NACG). These results are graphically summa-
rized in Figure 1.
Four of the 20 patients had pathologic findings based on the

interpretations of the contemporaneous diagnostic bone scintigra-
phy images. All pathologic findings on the institutional, NACG,
and EANM images were correctly identified by interpreters. One
EANM image was falsely interpreted as having a pathologic
finding, and a single 1-min image with a pathologic finding was
interpreted as equivocal. Because of the low number of patients
with pathologic findings, statistical analysis was not performed on
these data, but there were no false-negative results and only a
single false-positive result in the institutional, NACG, and EANM

images. When the lowest-activity 1-min images were considered,
there was a single additional false-negative result.
In our second analysis, 100% of our institution’s high-dose

images were considered adequate for daily clinical work. This
was true of 90% of the NACG images and 78% of the EANM
images (Fig. 2). Twelve percent of the 1-min images met this
criterion. This translated to a slightly statistically significant pref-
erence for our institution’s images over the NACG images, with
a P value of 0.04. The children for whom the higher-activity
images were preferred weighed 4.4 and 13.9 kg. Representative
images for these 2 patients are presented as Figure 3. Subanalysis
of children over 20 kg showed no significant difference between
high- and low-activity images. The NACG acceptability was not
significantly different from the EANM acceptability (P 5 0.13).
The NACG images were statistically more acceptable than the 1-min
images, with a P value of less than 0.001.

DISCUSSION

It is important to use the lowest amount of radiation possible
when imaging patients of all ages, but especially children, for the
reasons discussed in the introduction. However, too low a dose can
lead to misinterpretations or, ironically, a higher dose if the study
has to be repeated. Here, we have presented data that support the
lower activities recommended by the NACG. Images representing
lower administered activities remained of diagnostic quality, with
no statistically significant difference between the NACG images
and our institutional images, which required as much as 3 times
the radiation exposure. There was a slightly significant preference
for the higher-activity images than for the NACG images in the
unmasked analysis, based on images of 2 of the 20 patients, who
weighed 4.4 and 13.9 kg. Despite this slight preference for the

FIGURE 1. Percentage diagnostic by imaging protocol (masked analysis).

FIGURE 2. Percentage acceptable for daily clinical use (unmasked

analysis).

FIGURE 3. Institutional (A) and NACG (B) images of a patient for

whom, on unmasked analysis, the institutional images were subjectively

deemed acceptable for daily clinical use but the NACG images were

not. Abnormal uptake in the abdominal mass and multiple bone metas-

tases is evident on both sets of images.
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images with higher counts, pathologic findings were correctly
identified on all institutional, NACG, and EANM images. There
were no false-negative examinations with any of the diagnostic
protocols, and there was only a single false-positive, with the
caveat that the number of patients with pathology within the field
of view was low. Taken together, these data support the use of
NACG imaging for pediatric bone scintigraphy. For smaller
children, particularly those weighing less than 20 kg, the NACG
guidelines are acceptable, but ongoing quality assurance should
be performed on these patients as they are imaged to ensure that
the images are of adequate quality. Images should be evaluated
closely before release of the patient from the imaging suite to
determine whether additional imaging should be performed.
Increasing the imaging time for smaller children should be
considered but must be balanced with the potential for increased
motion artifacts.
The strengths of this study are the inclusion of a significant

number of patients under 20 kg and the variety of indications for
imaging. The major limitation is the small number of patients with
pathologic findings. Although there were no false-negatives, the
number of patients with pathologic findings was low. Future re-
search in which a greater number of cases have pathologic
findings could further investigate whether there is a statistically
significant chance that disease will be missed on lower-activity
images. Also, we investigated delayed static imaging only. Our
data do not include 3-phase studies or studies with SPECT
imaging, which are performed much less frequently in pediatric
imaging than in adult imaging.

CONCLUSION

These data validate the use of NACG administered activities for
bone scintigraphy. The NACG meet the goal of pediatric dose re-
duction while maintaining diagnostic quality. For children under
20 kg, the images were less pleasing but still considered diagnostic,
and with close quality assurance these smallest children can also be
imaged effectively with the lower administered activities.
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