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Sentinel node lymphoscintigraphy using colloidal particles has
become common practice at many institutions. The ideal
particle size for colloids such as filtered 9®™Tc-sulfur colloid
(99mTc-FSC) in sentinel node studies is 15-100 nm. It is reported
that the use of a reduced heating time during the reconstitution
process results in an increased number of smaller particles
(<80 nm). However, it is unclear whether these smaller particles
(>15 nm) would be of benefit in sentinel node studies. This
study sought to better define particle size by using electron
microscopy, as well as to evaluate the radiochemical purity
(RCP) of 9mTc-FSC at various time points after filtration. Methods:
One group of %mMTc-sulfur colloid (*®*"Tc-SC) preparations was
reconstituted using the standard heating time of 5 min, and another
group was prepared using a reduced heating time of 3 min. The
99mTc-SC preparations were passed through a 0.2-pm filter, and
retained filter activity was measured. RCP values were collected at
0, 1, 3, and 6 h after filtration, and the particle sizes were measured
at 0 and 6 h after filtration. Results: Average RCP values (+ SD) for
99mTc-FSC with 5-min heating were 98.4% + 3.0% and 98.3% +
1.8% for 0 h and 6 h, respectively (n = 6). Average RCP values for
99mTc-FSC with 3-min heating were 98.4% + 4.1% and 96.9% +
3.1% for 0 h and 6 h, respectively (n = 6). Electron microscopy
data showed that median particle sizes for the 3-min heating at
0 and 6 h were 24 and 35 nm, respectively. Median particle sizes
for the 5-min heating at 0 and 6 h were 29 and 27 nm, respectively.
The proportion of particles within the ideal range for sentinel node
lymphoscintigraphy was similar between the heating methods
(91.1% for 3-min heating at 0 h and 88.8% for 5-min heating at
0 h, P = 0.1851). Conclusion: Our results indicate that although
there are slight significant differences in RCP value, particle size,
and particle number for 9MTc-FSC prepared using either a stan-
dard or a reduced heating time, both methods produce particles
within the optimum range for sentinel node studies.
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EVALUATING FILTERED 9°MTc-SuLFur COLLOID  ®

The radiopharmaceutical *°™Tc-labeled sulfur colloid
(®°mTc-SC) is currently used in several nuclear medicine
studies. Using a microfiltration process, smaller particles of
filtered *°™Tc-SC (**™Tc-FSC) can be used to assess po-
tential lymphatic blockages as well as detect the sentinel
node of tumor drainage for patients with breast cancer or
melanoma (/).

The sentinel node is the first node in the lymph node
basin to be encountered by lymphatic fluid draining from
a tumor (2). Various studies show that the status of the
sentinel node draining the primary tumor can accurately
predict the condition of lymph nodes farther along the lym-
phatic channels. Biopsy of the sentinel node has therefore
become a standard component for initial staging in breast
cancer and melanoma (3). Although other cancers such as
colorectal, gastric, esophageal, head and neck, thyroid,
lung, gynecologic, and urologic cancers can be assessed
using this method, they often have a reduced accuracy
due to more complex lymphatic drainage patterns (3).

99mTc-FSC used in conjunction with isosulfan blue dye is
a proven and successful method for identifying sentinel
nodes and has a low false-negative rate (4). This method
for sentinel node lymphoscintigraphy entails an intradermal
injection of ?*™Tc-FSC around the site of the primary le-
sion. The **™T¢-FSC then progresses along the lymphatic
channels and is phagocytosed by macrophages in the sentinel
node (5). The radiolabeled colloid can then be imaged using
various types of y-camera imaging. Although planar imaging
is sufficient in many practices, SPECT and SPECT/CT imag-
ing can detect significantly more sentinel nodes and can bet-
ter delineate the locations of the sentinel nodes (6). Finally,
the sentinel node is often then located with a hand-held
v-detecting intraoperative probe to guide surgeons in lymph
node dissections. Additionally, blue dye is often injected dur-
ing surgery to more accurately determine the location of the
lymph node (7).

The speed at which the radiolabeled colloid travels and
the degree of nodal uptake is highly dependent on the size
of the particles; unfiltered **™Tc-SC, prepared according to
the package insert, has an average particle size of 61-445
nm (7). Although this size range is suitable for some stud-
ies, many of these particles would be too large for adequate
lymph node uptake in lymphoscintigraphy. Larger particles
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(>100 nm) get trapped in the interstitial space instead of
migrating to the sentinel node, and too small a particle (less
than a few nanometers) will diffuse out of the interstitial
space into venous capillaries (8). The optimal radiocolloid
size for sentinel node lymphoscintigraphy is reported to be
around 15-100 nm (9). This size allows for quick lymphatic
drainage for imaging purposes as well as sufficient reten-
tion in the lymph node.

Current practice uses a 0.22-pm microfiltration method
to obtain particles closer to the optimum range. Eshima
et al. previously showed that reduced heating time during
the reconstitution process of *°™Tc-SC can produce a larger
portion of smaller particles (/0). However, this finding was
determined using a microfiltration method to size the par-
ticles, and the method did not characterize particles smaller
than 30 nm. It is crucial to characterize the particles within
this range (i.e., 15-100 nm) so as to establish whether the
reduced heating time is beneficial in producing more opti-
mally sized particles (>15 nm) for lymphoscintigraphy or
particles too small (<15 nm) to be of benefit.

Therefore, the objectives of this study were to prepare
99mTc-SC with a reduced heating time and use electron
microscopy to determine whether there is an increase in
optimally sized particles while still maintaining acceptable
radiochemical purity (RCP) until 6 h.

MATERIALS AND METHODS

99mTc-FSC Preparation

Two groups of **™Tc-SC were prepared (cold kits from Phar-
malucence, Inc.) using 2 different heating times. The first group of
99mTc.SC was prepared according to the package insert using
11.1-16.65 GBq (300450 mCi) of sodium **™Tc-pertechnetate
with less than a 12-h ingrowth (Ultra-TechneKow FM; Mallinckrodt
Pharmaceuticals) (/7). This preparation was considered the base-
line. The second group of preparations was reconstituted in the
same manner as the baseline with the exception of a reduced heat-
ing time of 3 min instead of the recommended 5-min heating time.
In total, 12 samples were prepared; 6 used the 5-min recommended
heating time and 6 used the reduced heating time (3 min). All
preparations were passed through a sterile and nonpyrogenic 29-mm-
diameter membrane filter of 0.22-pm pore size (Millex VV;
Millipore Corp.). Residual filter and syringe activity was mea-
sured for each filtration.

RCP Testing

RCP values were determined at 0, 1, 3, and 6 h after filtration
using the approved method given in the Mayo Clinic Nuclear
Pharmacy Procedure Manual (12). A drop of *°™Tc¢-FSC was
placed on the bottom of a strip of Whatman 31ET CHR chroma-
tography paper (GE Healthcare U.K. Limited/Amersham Place).
The strip was placed in a test tube of 85% methanol, taking care to
keep the °™Tc-FSC spot above the solvent line. A rubber stopper
was placed on top of the tube to maintain equilibrium. Once
the solvent front reached the top of the strip, the strip was then
removed from the tube and cut in half (/2). Both the top and
bottom portions of the strip were measured separately in a dose
calibrator, and the activity was recorded. According to the United
States Pharmacopeia, 92% bound and above has satisfactory RCP (13).
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Electron Microscope Grid Preparation and Evaluation

Samples were taken from each preparation at 0 and 6 h after
filtration, and particle sizes of **™Tc-FSC were analyzed using
electron microscopy. A large drop of *™Tc-FSC was mounted
on a plastic-coated copper grid and allowed to dry. Distilled water
was pipetted onto the grid and removed several times with chro-
matography paper to eliminate any water-soluble salts. The
remaining **™Tc-FSC on the grid was then allowed to dry before
being examined under the electron microscope. Grids were viewed
with an electron microscope (Tecnai 12 transmission electron mi-
croscope; FEI), and images were captured from various areas of
the grid at x59,000 zoom. A distance scale was produced when the
images were captured; this scale was applied to determine the size
of the particles using the Java-based image processing program
Image J.

Data Analysis

The data obtained from the RCP testing were summarized as
mean * SD and analyzed using an unpaired 7 test. Samples within
the ideal range for sentinel node lymphoscintigraphy were sum-
marized as a percentage with corresponding 95% confidence
interval (CI) and compared between heating time and collection
times using the x? test. The distribution of particle sizes for each
heating time and sampling time were summarized as a median
with corresponding 25th and 75th percentiles due to the skew-
ness of the data. The nonparametric Kolmogorov—Smirnov (KS)
test was used to compare the distribution of particle sizes be-
tween subgroups defined by the amount of heating time (3 min
vs. 5 min) and sampling time (0 h vs. 6 h). The KS test was
used because it is sensitive to both location and scale shifts
between distributions of data. The average overall density was
obtained by combining data from replicate samples into a single
sample and estimating the corresponding density of the com-
bined data.

RESULTS

9mTc-FSC Preparation

Filter activity as well as initial and final syringe activity
were documented for each filtration to estimate particles
larger than 220 nm (Table 1).

RCP Testing

The range of RCP values for the 5-min heating from 0O to
6 h was 95.2%-99.8%. The range of RCP values for the 3-
min heating from 0 to 6 h was 93.7%-99.8%. The RCP
value for the 3-min heating decreased slightly over time but
was still well above the 92% limit (Fig. 1). There was no

TABLE 1
Retained 0.22-pm Filtered Activity of ®®MTc-SC Prepared
with 3- or 5-Minute Heating at 0 Hours

Trial 3-min heating (%) 5-min heating (%)
1 39.7 36.4
2 28.7 34.7
3 34.5 30.2
4 34.8 40.5
5 31.5 34.3
6 33.2 32.1
Average + SD 33.7 £ 3.7 34.7 £ 3.6
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FIGURE 1. RCP values of 99mT¢c-FSC over 6 h. Solid line

represents 5-min heating. Dashed line represents 3-min
heating. Dotted line represents RCP acceptance level as per
United States Pharmacopeia (92%).

statistical difference in RCP between the 5- and 3-min heating
times at O h (P = 0.99) or between the 5- and 3-min heating
times at 6 h (P = 0.12).

Electron Microscope Evaluation

Images of *™Tc-FSC sample preparations at 0 h after the
5- and 3-min heating times are shown in Figure 2. The
particles of *™Tc-FSC prepared with 3-min heating at this
point in time (i.e., O h after filtration) looked smaller than
the particles prepared with 5-min heating (Fig. 2).

Particle Size Distribution for Standard and Reduced
Heating Times

According to the KS test, more particle sizes were
smaller for the 3-min heating at O h than for the 5-min
heating at O h, as the density curves are shifted downward
and the median values are smaller (KS test, P < 0.0001)
(Table 2; Figs. 3 and 4). Additionally, there appeared to be
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FIGURE 2. Electron micrographs of ®°mTc-FSC particles at
x59,000 magnification. (Left) 9°™Tc-FSC particles with 5-min
heating at 0 h. (Right) ®®*™Tc-FSC particles with 3-min heating
at0h.

EVALUATING FILTERED 9°MTc-SuLFur COLLOID  ®

TABLE 2
Particle Size Distribution of 9°MTc-FSC

3-min heating (nm) 5-min heating (nm)

Oh 6h 0h 6h
24 (20, 34) 34 (28, 41) 28 (18, 56) 22 (17, 26)
29 (21, 40) 40 (29, 50) 23 (17, 32) 29 (24, 35)
22 (16, 30) 33 (26, 41) 34 (25, 50) 38 (26, 61)
24 (19, 34) 35 (28, 44) 29 (20, 43) 27 (21, 39)

Data are median (25th percentile, 75th percentile). Final row is
average of top 3 rows of data from sample runs.

a slight decrease in particle sizes from the 0- and 6-h reads
for the 5-min heating (KS test, P = 0.0151) (Table 2; Figs.
3 and 4). Lastly, there seemed to be a tendency for the 3-
min heating at 6 h to have larger particle sizes than those
seen for the 5-min heating (KS test, P < 0.0001) (Table 2;
Figs. 3 and 4).

Although the samples contained statistically different
particles sizes, they still followed a relatively similar
distribution when their 25th percentile, median, and 75th
percentile were examined (Table 2). Each sample had
a large number of particles within the ideal size range
(15-100 nm) (Table 3). The 3-min heating at 6 h had the
highest percentage of particles counted within the ideal
range (97.5%; 95% CI. 96.1%, 98.3%). After that, the
order from most to least particles within the ideal range
was the 5-min heating at 6 h (91.3%; 95% CI: 89.2%,
93%), the 3-min heating at 0 h (91.0%; 95% CI: 88.7%,
93%), and the 5-min heating at 0 h (88.8%; 95% CI:
86.1%, 91%) (Table 3).

DISCUSSION

The comparable retained filter activities for the 3- and 5-
min heating times suggest that there is no significant
difference in the number of particles being filtered with
either heating time (P = 0.62) (Table 1). RCP was mea-
sured from O to 6 h because of an effort to increase the
shelf life of *™Tc¢-FSC at our facility. In addition to the
RCP, it was thought important that the particle size stay
relatively stable until 6 h so as not to affect lymphatic
drainage and sentinel node retention. As stated in the
Results section, there was no statistical difference in RCP
between the 3- and 5-min heating samples at O h or be-
tween the 3- and 5-min heating times at 6 h, of which all
were still above the 92% limit set by United States Phar-
macopeia (Fig. 1). This finding is consistent with the re-
action of **™Tc-SC during the reconstitution process, for
which more unbound *°™T¢ remains with the 3-min heating
as there is less time to react with the sulfur to form par-
ticles (/4).

Figure 3 can be described as follows: the relative fre-
quency curves are very much like histograms of the data
in which the histograms are smoothed over all possible
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FIGURE 3. Relative frequency of particle
size for samples with 3-min heating.
Along x-axis are particle sizes (nm), and
y-axis represents relative frequency (%)
that particle sizes (within small range)
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bin sizes. The peak of the relative frequency gives an idea
of where the highest frequency of particle sizes occurs.
The vertical lines indicate the median particle size for
a sample and may or may not be the same as the peak.
If the data are symmetric, then the median particle size
will occur at the peak frequency. The 3-min heating at O h
versus the 3-min heating at 6 h gives a sense of stability
of the preparation over time, and according to the analysis
this particle size gets significantly larger (Table 2). Along
with that, there appears to be a tendency for the 3-min
heating at 6 h to have significantly larger particle sizes
than those seen for the 5-min heating at 6 h (Table 2).
However, our results for the 5-min heating group showed
that the particle size at 6 h was slightly smaller than the
particle size at O h (Table 2). Although this difference is
statistically significant, the actual size differences in both
situations are very small. The 3-min heating at O h versus
the 5-min heating at O h gives a sense of the effect of
heating time on initial particle size distributions, and ini-
tially the 3-min heating gave smaller particle sizes (Table
2; Figs. 3 and 4). The smaller particle size for the 3-min
heating at O h than for the 5-min heating at O h fits well
with our hypothesis that a reduced heating time may re-
duce the particle sizes. The reduced heating time is sup-
posed to produce smaller particles, and such is exactly the
case for the 3-min heating at O h in our study. This group
had the smallest particles among the 4 groups (Table 2;
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Figs. 3 and 4). However, the reduced heating time might
not provide an optimal condition to sufficiently terminate
the sulfur-coating process, as the particles appeared to
grow larger over time; the actual mechanism of this pro-
cess is unknown to us.

There were many benefits to using an electron micro-
scope versus filter analysis. Because of pore clogging, there
are often many particles remaining on the filter, even if they
are not larger than the pore size. The biggest benefit of the
electron microscope was the ability to have genuine
visualization of the particles rather than the indirect method
that filtration relies on.

Although electron microscopy analysis was able to
determine the exact size of the SC particles, it was limited
in its ability to represent the entire sample. Although we
had sufficient sampling, it would have been beneficial to
have filtrations using multiple pore sizes to reaffirm that
the small sample drop was representative of the entire kit.
Additionally, the relative density of **™Tc-FSC proved to
be a challenge because of the nature of electron micros-
copy, which favors dense particles; ?°™Tc-FSC particles
consist mostly of sulfur, with a density close to 2 g/cm?3.
Another limiting factor was the extra debris formed within
the preparation. This made some grids particularly difficult
to analyze and the particles difficult to count because of
the inability, at times, to distinguish debris from %°™Tc-
FSC.
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Although we reported the optimal size particles to be 15—
100 nm (9), this differs from the 100-200 nm reported by
some (15). We speculate that this difference may be from
the intended procedural use for the sentinel node biopsy.
Although 15- to 100-nm particles are useful for immediate
imaging because of quick lymphatic drainage, the larger
100- to 200-nm range may be retained better for delayed
imaging and next-day biopsy.

A future experiment would combine the microfiltration
analysis to determine the size of particles of the entire
solution. Filtrations would be done at 0 and 6 h to show that
particles are not clumping over time. The sample could then
be analyzed using electron microscopy to visualize the
particles and determine whether the data correlate with the
microfiltration method.

TABLE 3
Relative Frequency of 9°mTc¢-FSC Particles Within Specified
Size Ranges

Size (hm) 3-min heating (%) 5-min heating (%)
Oh 6h Oh 6 h
0-14 8.8 22 10.2 6.34
15-30 58.7 33.1 42.6 51.8
31-100 32.3 64.4 46.2 39.5
101-220 13.8 0.3 1.0 2.3
>220 0 0 0 0

EVALUATING FILTERED 9°MTc-SuLFur COLLOID  ®

CONCLUSION

On the basis of the results, *™Tc-FSC using a standard
or reduced heating method remains stable until 6 h in terms
of RCP and particle size. Although there was a statistically
significant difference in particle size according to the KS
test from O to 6 h for both the 3-min and the 5-min heating
times, there was a maximum difference of merely 11 nm.
As a result, most of the particles for both heating times still
fell within the optimal range for particle size in sentinel
node mapping.

DISCLOSURE

This research was funded in part by the Mayo Clinic
Department of Radiology Advance Award. No other poten-
tial conflict of interest relevant to this article was reported.

ACKNOWLEDGMENTS

We thank Jon E. Charlesworth, Electron Microscopy RES
CORE Facility, Department of Biochemistry and Molecular
Biology, Mayo Clinic, and the electron microscopy faculty
for the long hours of procedural assistance given in deter-
mining particle size. Additionally, we thank the radiophar-
maceutical laboratory technologists for their assistance in
gathering RCP data. Finally, we thank Dr. Patrick J. Peller
for providing relevant literature, as well as his involvement
in coming up with the initial idea for this research.

Michenfelder et al. 287



REFERENCES

1.

288

Alazraki NP, Styblo T, Grant SF, Cohen C, Larsen T, Aarsvold JN. Sentinel node
staging of early breast cancer using lymphoscintigraphy and the intraoperative
gamma detecting probe. Radiol Clin North Am. 2001;39:947-956.

. Intenzo CM, Truluck CA, Kushen MC, Kim SM, Berger A, Kairys JC. Lympho-

scintigraphy in cutaneous melanoma: an updated total body atlas of sentinel node
mapping. Radiographics. 2009;29:1125-1135.

. Chen SL, Iddings DM, Scheri RP, Bilchik AJ. Lymphatic mapping and sentinel

node analysis: current concepts and applications. CA Cancer J Clin. 2006;56:
292-309.

. Ellis RL, Seifert PJ, Neil CE, et al. Periareolar injection for localization of

sentinel nodes in breast cancer patients. Breast J. 2004;10:94-100.

. Krynyckyi BR, Kim CK, Goyenechea MR, Chan PT, Zhang ZY, Machac J.

Clinical breast lymphoscintigraphy: optimal techniques for performing studies,
image atlas, and analysis of images. Radiographics. 2004;24:121-145.

. Himenez-Heffernan A, Ellmann A, Sado H, et al. Prospective IAEA sentinel

node trial on the value of SPECT/CT vs planar imaging in various malignancies
[abstract]. J Nucl Med. 2014;55(suppl 1):565.

. Hegseth KM, Warren AM, Hung JC, Mosman EA. Evaluation of compatibility

and stability of filtered **™Tc-sulfur colloid when combined with fluorescent
indocyanine green dye. J Nucl Med Technol. 2012;40:194-197.

. Moghimi SM, Rajabi-Siaboomi AR. Advanced colloid-based systems for effi-

cient delivery of drugs and diagnostic agents to the lymphatic tissues. Prog
Biophys Mol Biol. 1996,65:221-249.

. Hung JC, Wiseman GA, Wahner HW, Mullan BP, Taggart TR, Dunn WL. Fil-

tered Tc-99m sulfur colloid evaluated for lymphoscintigraphy. J Nucl Med.
1995;36:1895-1901.

. Eshima D, Eshima LA, Gotti NM, et al. Technetium-99m-sulfur colloid for lympho-

scintigraphy: effects of preparation parameters. J Nucl Med. 1996;37:1575-1578.

. Kit for the Preparation of Technetium Tc99m Sulfur Colloid Injection Diagnostic

for Intravenous and Oral Use [package insert]. Bedford, MA: Pharmalucence,
Inc.; 2008.

. Formulation of product: radiopharmaceutical Tc-99m filtered sulfur colloid

0.2um. In: Mayo Clinic Nuclear Medicine Procedure Manual. Rochester, MN:
Mayo Clinic; 2006:1-2.

. Technetium Tc 99m sulfur colloid injection. U.S. Pharmacopeia website. Available

only to paid subscribers at: www.pharmacopeia.cn/v29240/usp29nf24s0_m80790.
html. Accessed January 23, 2013.

. Kowalsky RJ, Falen SW. Radiopharmaceuticals in Nuclear Pharmacy and

Nuclear Medicine. 3rd ed. Washington, DC: American Pharmacists Association;
2011:199.

. Mariani G, Moreseco L, Viale G, et al. Radioguided sentinel lymph node biopsy

in breast cancer surgery. J Nucl Med. 2001;42:1198-1215.

JoURNAL OF NUCLEAR MEDICINE TECHNOLOGY * Vol. 42 ¢ No. 4 ¢ December 2014


http://www.pharmacopeia.cn/v29240/usp29nf24s0_m80790.html
http://www.pharmacopeia.cn/v29240/usp29nf24s0_m80790.html

