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The main objective of this study was to check the validity of
using a γ-camera as an alternative to a thyroid uptake probe for
measuring the γ-count from 0.925-MBq (25 μCi) and 1.85-MBq
(50 μCi) 131I capsules before administration to patients. Meth-
ods: Ten sets each of 0.925- and 1.85-MBq 131I capsules re-
ceived from the Board of Radiation and Isotope Technology,
Department of Atomic Energy, India, were counted individually
using a thyroid uptake probe for 10 s following institutional pro-
tocol, keeping an 8-cm gap between capsules. Each set was
also scanned by a scintillation γ-camera for 100 s. The scans
were analyzed by drawing identical regions of interest around
each set of 0.925- and 1.85-MBq 131I capsules, and the corre-
lation between the camera-based and probe-based methods
was determined. By either method, capsules having counts
within 2 SDs of the mean were considered acceptable for ad-
ministration to patients. Results: The correlation between the
two methods was good (r . 0.95). Conclusion: The camera-
based method of counting 131I capsules is easy and saves time,
compared with the probe-based method, as an entire set of
capsules can be scanned in a single acquisition. The camera-
based method can show whether a batch of 131I capsules is
uniform and therefore eliminate the time-consuming counting of
individual capsules with a thyroid uptake probe.
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The use of nuclear medicine for the diagnosis and treat-
ment of thyroid-related disorders is well known. Measure-
ment of radioiodine uptake by the thyroid was one of the
earliest clinically useful procedures in diagnostic nuclear
medicine. Despite its success, several sources of inaccuracy
and inconsistency have been recognized over the years (1).
Construction of a thyroid neck phantom to simulate the
absorption and scatter characteristics of the human neck
was one of the first steps toward standardization of the thy-
roid uptake test. Differences in neck-phantom characteristics

and high-voltage fluctuations obviously may introduce sig-
nificant errors into any thyroid uptake measurement, but even
today the test is performed in most laboratories with little
attention to these factors (2).

Although 99mTcO4
2 can also be used for thyroid imag-

ing, it is not organified by the thyroid gland. High back-
ground activity and low neck uptake make 131I a better
agent, mainly for evaluations before 131I therapy (3). 123I
is a better diagnostic agent, but 131I continues to be used in
several developing countries where 123I is not readily avail-
able. It is normal practice to give a dose in the range of a
few microcuries of 131I to assess benign thyroid disorders
or to assess remnant thyroid tissue in order to determine
the dose required to ablate it. A dose in the range of a
few millicuries is normally given to evaluate for metastasis
through whole-body scanning (4).

Quantitative evaluation of 131I uptake is important in
distinguishing among various functional states of the thy-
roid, because qualitative information obtained by g-camera
alone may not be adequate in many clinical conditions
(4). At our center, a 0.925-MBq (25 mCi) dose of 131I is
administered for evaluation of conditions such as hyper-
thyroidism, hypothyroidism, and multinodular goiter,
whereas a comparatively higher dose (i.e., 3.7 MBq
[100 mCi]) is administered for evaluation of the post-
thyroidectomy status of remnant tissue in thyroid cancer
patients, and a 111- to 185-MBq (3–5 mCi) dose is admin-
istered for follow-up whole-body and neck scanning after
131I treatment.

Before administering radioactive iodine, our center
confirms that the patient has followed the iodine re-
striction requirements, is not taking any interfering drugs,
and is not pregnant or lactating. After the 131I dose has
been administered, neck counts are taken at 2 and 24 h
using a thyroid uptake probe that has a NaI(Tl) crystal
fitted with a flat-field collimator and the associated elec-
tronics (1,5). The patient is positioned supine with the
neck extended, and the probe is placed 30 cm away.
Two sets of neck counts are obtained for 100 s each, and
the neck background count is then obtained by placing a
lead shield over the thyroid area. The ratio of the background-
corrected neck count to the background-corrected phantom
count is calculated to get the percentage neck uptake, or
[(neck count 2 neck background count)/(phantom count
2 phantom background count)] ·100 (6). An alternative,
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camera-based, method has also been found to be a good
option (5).
At our center, 20 capsules of 0.925-MBq 131I and 40

capsules of 1.85-MBq (50 mCi) 131I are procured each week
from the Board of Radiation and Isotope Technology, De-
partment of Atomic Energy, India. We measure the g-count
from each of these capsules individually using a thyroid
uptake probe. The aim of this study was to determine
whether g-camera imaging of sets of capsules can be
substituted as an easier, quicker method of counting.

MATERIALS AND METHODS

This experiment used 10 sets of 0.925-MBq capsules (n 5 15
per set) and 10 sets of 1.85-MBq capsules (n 5 20 per set). The
same capsules were used for both the probe-based and the camera-
based methods. Institutional approval was obtained to conduct the
experiment, which did not involve any patients or animals.

Probe-Based Counting Method
A thyroid uptake probe (Nuclear Chicago) fitted with a flat-field

collimator, the associated electronics, and a single-channel
analyzer was used to count individual capsules and determine
thyroid uptake in referred patients. The probe was calibrated daily
using an 131I source before routine use, and it was tested monthly
for absolute sensitivity using 137Cs (7). Baseline energy was kept
at 310 keV, with a 100-keV window. Sealed gelatin capsules con-
taining 131I were kept individually in serially numbered test tubes.
In the probe-based counting method, each capsule was placed in
an acrylic glass thyroid phantom 30 cm from the face of the
probe’s detector (iso-response region) and counted for 10 s (5).
The background count was also measured for 10 s and then sub-
tracted from the capsule count, and the mean and SD were calcu-
lated for the 0.925-MBq capsule sets and the 1.85-MBq capsule
sets separately. Capsules with counts that fell within 2 SDs of the
mean were considered identical and acceptable for administration
to the patient. One of these capsules was chosen randomly for use
as a standard for the patient’s neck uptake calculation for the
entire week (Fig. 1).

Camera-Based Counting Method
A Symbia g-camera (Siemens) with a ⅝-inch-thick (1.5875

cm) NaI(Tl) crystal and a high-energy collimator was used for
imaging. The optimum distance required between adjacent cap-
sules was measured by calculating the percentage scatter contri-
bution at various distances from a capsule centered in a
polystyrene foam sheet. To calculate scatter contribution around
a capsule, circular regions of interest were drawn at 2, 4, 6, and 8
cm away from the capsule position, and the scatter count for each
region was determined. The ratio of each scatter count to the
capsule count after background subtraction was then calculated
(Tables 1 and 2). A distance of 8 cm was chosen as optimal
because its scatter contribution was less than 1% (Fig. 2).

We confirmed this choice by surrounding the centered capsule
with capsules 8 cm away from it, one in each direction along the
x- and y-axes (Fig. 3). A region of interest was drawn around the
central capsule, and the count was measured after the addition of
each of the 4 surrounding capsules, as shown in Table 2. The

TABLE 1
Scatter Count and Percentage Scatter Contribution at Different Distances in y Direction from Centered 0.925-MBq Capsule

0.925 MBq 1.85 MBq

ROI Above center Below center Above center Below center

Center 4,327 (100%) 4,327 (100%) 6,666 (100%) 6,666 (100%)
2 cm 60 (1.38%) 116 (2.6%) 595 (8.9%) 588 (7.1%)
4 cm 46 (1%) 53 (1.22%) 294 (4.4%) 129 (1.9%)
6 cm 40 (1%) 42 (1%) 113 (1.6%) 64 (0.9%)
8 cm 38 (1%) 19 (0.4%) 32 (0.4%) 10 (0.1%)

ROI 5 region of interest.

FIGURE 1. Thyroid uptake probe (131I capsule in acrylic glass
phantom).
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presence of the surrounding capsules did not make a significant
scatter contribution (,1%) to the central capsule and vice versa.

Accordingly, grooves 8 cm apart were made in a polystyrene
foam sheet, each set of capsules in their individual test tubes was
arranged in these grooves, and the foam sheet was placed directly
on the head of the g-camera. Data for each set of capsules were
acquired for 100, 200, and 300 s using a 256 · 256 matrix, a
zoom of 1, and an energy window peaked at 364 keV with a 15%
window (Figs. 4 and 5). Identical circular regions of interest
were drawn around each capsule in the single image. The count
in each region of interest was measured, and the mean count and
SD were calculated. Capsules having counts falling within 2 SDs
of the mean were considered as within acceptable limits and
were used for administration to patients and as a standard for
uptake calculation (Tables 3 and 4; Fig. 4). For both the 0.925-
MBq and the 1.85-MBq capsules, the 100-s count obtained with
the camera-based method was comparable to the 10-s count
obtained with the probe-based method. The 100-s scanning time
was considered optimal for data acquisition, as increasing the
time to 200 or 300 s did not improve the result.

TABLE 2
Counts and Count Ratios for Capsules Surrounding Central

Capsule

0.925-MBq capsule 1.85-MBq capsule

Capsule

no. Count/100 s

Count

ratio* Count/100 s

Count

ratio*

Center 3,139 6,385
1 3,111 0.9 6,344 0.65
2 3,125 0.86 6,399 0.86
3 3,147 0.70 6,446 0.73
4 3,132 0.48 6,423 0.36

*Central capsule–to–neighbor capsule count ratio.

FIGURE 2. Scatter counts 8 cm away from 0.925-MBq 131I
capsule.

FIGURE 4. Capsule arrangement in camera-based 131I cap-
sule counter.

FIGURE 5. Counts vs. capsule number, by camera-based and
probe-based methods.

FIGURE 3. Counts for capsules arranged around center
capsule.
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RESULTS

Both methods found that all 20 of the 1.85-MBq capsules
in each of the 10 sets were within 2 SDs of the mean.

Data obtained from all 10 sets of 0.925-MBq capsules (also
all within 2 SDs of the mean) and all 10 sets of 1.85-MBq
capsules were compared between the probe- and camera-
based methods, and a good correlation was found (r . 0.95).

Counts obtained from the 100-s images using the camera-
based method correlated well with the thyroid-probe 10-s
counts, which may vary for different instruments.

DISCUSSION

The camera-based method of counting is as accurate as
the probe-based method and has several advantages over it.
Because the probe-based method counts each capsule in-
dividually, each needs to be kept under identical conditions;
this limitation does not exist in the camera-based method,
which scans many capsules in single acquisition. Another
advantage is an increase in patient throughput, as the counting
of a large set of capsules takes less time than the counting of
each individual capsule. In addition, information on the
uniformity of an entire batch of 131I capsules can be obtained
at once, avoiding the time-consuming counting of individual
capsules using a thyroid uptake probe. As an alternative to the
probe-based method, the camera-based method will be a bet-
ter option when standard capsules are being counted.

CONCLUSION

The camera-based method of measuring the g-count
from 131I capsules is easy, takes less time than the probe-
based method, and is just as accurate.
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TABLE 3
Camera-Based Counts at Various Acquisition Times vs.

Probe-Based Counts for 0.925-MBq Capsules

Camera-based count Probe-based count
Capsule no. 100 s 200 s 300 s 10 s

1 4,639 9,297 13,775 5,377
2 4,215 8,271 12,375 4,665
3 4,296 8,627 12,750 4,832
4 4,302 8,729 13,334 4,826
5 4,911 9,895 14,669 5,258
6 4,849 9,519 14,156 5,419
7 4,391 8,557 12,935 5,010
8 4,850 9,741 14,543 5,353
9 4,645 9,447 14,458 5,443
10 3,913 7,764 11,641 4,493
11 3,794 7,644 11,313 4,215
12 5,149 10,216 14,945 5,555
13 4,481 9,215 13,566 4,982
14 4,125 8,209 12,468 4,655
15 5,281 10,338 15,836 5,655
Mean 4,523 9,031 13,518 5,049
SD 434 851 1,279 428

TABLE 4
Camera-Based Counts at Various Acquisition Times vs.

Probe-Based Counts for 1.85-MBq Capsules

Camera-based count
Probe-based

count

Capsule no. 100 s 200 s 300 s 10 s

1 9,096 18,090 26,761 9,790
2 8,695 17,704 26,344 9,462
3 8,567 17,341 27,009 9,562
4 8,729 17,141 26,200 9,277
5 8,150 16,392 24,814 9,109
6 9,377 18,658 28,271 9,946
7 9,232 18,450 28,375 9,904
8 8,282 16,528 25,320 9,057
9 8,141 16,566 25,100 9,068
10 8,046 16,328 24,164 8,999
11 8,588 17,317 26,201 9,288
12 9,160 19,213 27,620 9,934
13 8,230 16,249 23,709 8,975
14 9,724 19,096 28,742 10,292
15 8,580 17,431 25,836 9,273
16 9,291 18,160 27,271 9,579
17 8,629 17,346 26,598 9,395
18 8,590 17,359 25,901 9,329
19 7,949 15,789 23,666 8,978
20 9,238 17,781 26,848 9,847
Mean 8,694.63 17,413.11 26,209.95 9,453.11
SD 511.24 979.93 1,505.46 408.17
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