Dextrose Solutions Yield Radiochemical
Impurities: The “Sweet” Scans
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Objective: If additional chemicals are inadvertently intro- When preparing mo$f"Tc radiochemicals, normal sa
duced in the preparation of radiopharmaceutical kits, radio- line without preservative is used to dilute tHeTc-pertech
chemical impurities may ,be,fo”gfd' We report our experi-  netate eluate previously obtained from a generator. For
ence with erroneously diluting *"Tc-pertechnetate eluate o oy jje \whefomTc-methylene disphosphonate is prepared
with 5% dextrose squ;L(r)nn rather than‘norrg;! saline during (MDP), a suitable activity of eluate from ¥"Tc sterile

the preparation of Tc-tetrofosmin, Tc-methylene generator is first diluted with sterile 0.9% sodium chloride

diphosphonate (MDP), %mTc-stannous colloid, and %mTc- )
mebrofenin. to a volume of 2—-8 mL and then added to a shielded MDP

Methods: Scintigrams for 3 of the 4 radiochemicals unin- reaction vial {,2). When such radiochemicals are prepared,
tentionally prepared with 5% dextrose were found to have strict adherence to protocol should be enforced. However,
an altered biodistribution. Therefore, radiopharmacy proce-  practitioners also should be aware of the impurities that will
dures for the day were reviewed, and instant thin-layer chro-  pe encountered with various unintended deviations from
matography (ITLC) was performed. protocol. With this in mind, we report our experience with

g:tselgfsﬁﬁin;fr?r?:utziwgz\ﬁgﬁlt;fegrgf:;zt:ézuif:t Cg;‘; erroneously diluting®™Tc-pertechnetate eluate with 5%
uncovered the error of using 5% dextrose to dilute the *mTc dextrose solution rather than normal saline.

eluate. The altered biodistribution on 9™Tc-stannous col-
loid, 99mTc-MDP, and 9¥™MTc-mebrofenin scintigrams con- MATERIALS AND METHODS
sisted of cardiac blood-pool activity (possibly as a result of
slow clearance of 99mTc-dextrose), soft-tissue background In our laboratory, 0.9% normal saline (without preserva-
activity (possibly as a result of interstitial distribution of  tives) and 5% dextrose solution were stored on adjacent
%9mTc-dextrose), renal and bladder activity (possibly as a  shelves. This potentially dangerous situation arose when
result of renal elimination of ®*™Tc-dextrose), and gallbladder new supplies were delivered and unpacked without ade-
activity (possibly as a result of hepatobiliary excretion Ofl guate_supervision. Shortly thereafter, a technologist un-
PR oyl b k'n'bwmgly used 5% dextrose to dilute tAETc-pertechne
: ! tate eluate. The dextrose solution was used in preparing

mTc tetrofosmin **"Tc-MDP, ®*"Tc-stannous colloid, and
9T c-mebrofenin. In our laboratory, instant thin-layer chro
Beeausé (11 matography (ITLC) is not routinely performed before clin-
some but not all commercial radioc s prepared ical use of radiochemicals.
with 5% dextrose will suffer this fate, nuclearmedicing phyH 111 During the working day, patients were injected with each
sicians reviewing the day’s images will be confronted with a of these radiochemicals and images were obtaiffd.c-
confusing combination of expected and grossly abnormal  tetrofosmin myocardial perfusion studies, the first images
findings. _ _ , , reviewed by nuclear medicine physicians that day, were
Key Words: radiochemicals; radiopharmaceuticals; *™Tc; \nemarkable. Later in the day, altered biodistribution was
dextrose . . L

noted on liver/spleen, bone, and hepatobiliary scintigraphy.

J Nucl Med Technol 2003; 31:33-36 ITLC was then performed for eacH"Tc radiochemical
using previously described techniquégy. Briefly, solvent
systems (acetone, ethyl alcohol, or saline) were used to
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idence of impurities for the ¥mTc-te
ing 5% dextrose. 3
Conclusion: Unintended preparatio

Vorume 31, NumBER 1, MarcH 2003 33



RESULTS

9mTe-tetrofosmin cardiac images viewed early during the
working day showed the expected radiochemical biodistri-
bution. Thereafter, *™Tc-stannous colloid imaging (Fig. 1)
showed the unexpected finding of significant kidney, blad-
der, cardiac blood pool, and soft-tissue background activity
in addition to liver/spleen uptake. Later, a similarly altered
biodistribution for ®™Tc-MDP (Fig. 2) and *™Tc-mebrofe-
nin (Fig. 3) was encountered. When laboratory procedures
for the day were reviewed, the error of using 5% dextrose to
dilute the *"Tc eluate was discovered. Fresh radiochemi-
cals were prepared using normal saline, as is our standard
procedure.

ITLC was performed (Table 1; Fig. 4). For both *™Tc-
tetrofosmin and %MTc-mebrofenin, results of ITLC were not
altered when the radiochemical was prepared using 5%
dextrose solution. However, for *™Tc-stannous colloid and
®mTc-MDP, preparation using 5% dextrose rather than
0.9% sodium chloride yielded significantly different find-
ingson ITLC. For these 2 radiochemical preparations, ITLC
found a radiochemical impurity with limited solubility in
saline, ethyl alcohol, or acetone, consistent with a probable
®mTc complex of dextrose.

After identification of the error in preparing radiochemi-
cals, scans were repeated within 72 h for the 6 patients
involved in this incident. Review of medical records and
consultation with referring physicians uncovered no evi-
dence that this delay had negative effects on patient care.
Although all Kuwaiti citizens receive medical care at no
charge, the issues of unnecessary radiation exposure and
inconvenience for these 6 patients must be seriously con-
sidered.

FIGURE 1. Anterior-view 9mTc-stannous colloid image shows
unexpected findings of significant kidney, bladder, cardiac blood-
pool, and soft-tissue background activity indicating altered biodis-
tribution as well as uptake in liver and spleen.
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%W1e¢lic11d=3). Furthermore, ITLC for ®¥™Tc-MDP and *™Tc-stan-
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FIGURE 2. Whole-body anterior- and posterior-view ®mTc-MDP
images show unexpected findings of significant kidney, bladder,
cardiac blood-pool, gallbladder, and soft-tissue background activ-

ity ,
he Technologist
Seclion pDISCUSSION
Sociely ol When radiochemical s erroneously prepared with 5% dex-

trose solution were used, bone, liver/spleen, and hepatobili-
ary scintigrams all showed altered biodistribution (Figs.

nous colloid prepared with 5% dextrose showed an impurity
attributed to *™Tc-dextrose. Although ITLC failed to iden-
tify an impurity for ®mTc-mebrofenin prepared with 5%
dextrose, the abnormal scintigraphy strongly argued that
some impurity was present. This %™Tc-dextrose impurity
probably migrated much like *™Tc-mebrofenin during
ITLC testing. Therefore, we concluded that during prepa-
ration of these 3 radiochemicals, a ®™Tc-dextrose product
may have been formed. It should be emphasized that the
radiochemical impurity has not been proven to be ®mTc-
dextrose; instead, the biodistribution and chromatography
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FIGURE 3. Series of 4 anterior-view images over first 10 min
after injection of %mTc-mebrofenin in patient with normal liver func-
tion. Images show reduced liver uptake with no excretion into bile
ducts and significant kidney, cardiac blood-pool, and soft-tissue
background activity.

data are consistent with the hypothesis that the radiochem-
ical impurity is %mTc-dextrose.

If there are deviations from protocol so that other chem-
icals are present during radiochemical preparation, then
impurities may be formed. For example, it is common
practice not to use saline with preservative for dilution of
9mTc-pertechnetate eluate precisely because the preserva-
tive, generally benzyl alcohoal, reacts with the reduced ™ Tc
(5). The normal procedure for preparation of any %®mTc
radiochemical is to add the diluted *"Tc eluate to a vial
containing the reducing agent and the chemical to be labeled
(e.g., MDP). Because 5% dextrose was erroneously used to
dilute the eluate, in the presence of both
and MDP a competitive reaction prob
the MDP and dextrose for the reduce

d between

TABLE 1
Results of Thin-Layer Chro

Radiopharmaceutical % Activity % Activity
(prepared with either toward toward

dextrose or saline) origin solvent front Solvent
MDP (saline) 5 95 Saline
MDP (dextrose) 47 53 Saline
Tin colloid (saline) 95 5 Acetone
Tin colloid (dextrose) 85 15 Acetone
Mebrofenin (saline) 98 2 Water
Mebrofenin (dextrose) 96 4 Water
Tetrofosmin (saline) 98 2 Ethyl alcohol
Tetrofosmin (dextrose) 98 2 Ethyl alcohol

MDP = methylene diphosphonate.
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FIGURE 4. Saline chromatograms of 9*mTc-MDP preparations
for which 9mTc-pertechnetate was diluted with either normal saline
(A) or 5% dextrose (B). Notice that preparation B contains radio-
pharmaceutical impurities that do not migrate with solvent front.

formation of both ®"Tc-MDP and ®™Tc-dextrose. In this
case, ¥"Tc-dextrose is a radiochemical impurity.
However, when 5% dextrose was used in the preparation
of 9®mTc-tetrofosmin, an insignificant amount of *™Tc-dex-
trose or other impurity was obtained. For this radiochemical
preparation, myocardial scintigrams were unremarkable and
ITLC identified no impurity. This successful preparation
with 5% dextrose of *™Tc-tetrofosmin stands out relative to
the problems encountered with #™Tc-MDP and %™Tc-me-
brofenin. We noted that for MDP and mebrofenin, pertech-
netate is first reduced by the stannous ion and then imme-
diately chelated by the desired ligand. For tetrofosmin, the
stannous-reduced technetium is first chelated by gluconate.
Gluconate serves as a transfer ligand and “holds’ the ®mTc¢
until it is eventually transchelated by tetrofosmin. Sulfo-
salicylate, also present in the commercia tetrofosmin kit,
accelerates this otherwise slow ligand exchange. Thus, it

aducinglagent| v« May, ke presumed that if *mTc-dextrose were formed it

would, like ®mTc-gluconate, undergo ligand exchange to

caditig 611! for #mTe-tetrofosmin.

Because the #MTc-tetrofosmin used for the first clinical

S0CheL) Is'tludiesof the day contained little or no impurities, a normal
“uclenrbiodistribution was seen on the images. However, subse-
~ quently encountered " Tc-stannous colloid (Fig. 1), ®™Tc-
CICINMDP (Fig. 2), and ®™Tc-mebrofenin (Fig. 3) images all

showed a biodistribution consistent with a *™Tc-dextrose
impurity. In particular, cardiac blood-pool activity (possibly
resulting from slow clearance of %MTc-dextrose), soft-tissue
background activity (possibly resulting from interstitial dis-
tribution of ®™Tc-dextrose), renal and bladder activity (pos-
sibly resulting from renal elimination of %™Tc-dextrose),
and gallbladder activity (possibly resulting from hepatobili-
ary excretion of ®mTc-dextrose) are expected findings for
such “sweet” scans (6—11).

Performing ITLC before clinical use of radiochemicals
would have identified the presence of impurities and pre-
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vented unnecessary patient exposure. Although ITLC be-
fore clinical use is the standard in commercia radiophar-
macies, it is not a universal practice (12). Given the low
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yield of positive results and the limited consequences for z
patient care, private institutions preparing their own radio- 3
chemicals may choose not to perform such routine ITLC. In
this instance, all examinations were repeated with no harm 4
to the patients. For corrective action, we have removed 5%
dextrose (and all other unnecessary reagents) from the ra- 2
diochemical preparation area. In addition, strict adherence 6
to protocols has been emphasized.
7
CONCLUSION
We conclude that unintended preparation of radiochemi- 8
cals with 5% dextrose rather than 0.9% sodium chloride 9
often results in the production of %MTc-dextrose impurities.
Because some but not all commercial radiochemical kits 10
prepared with 5% dextrose will suffer this fate, nuclear 1n
medicine physicians reviewing the day’s images will be
confronted with a confusing combination of expected and 12
grossly abnormal findings. Review of ITLC results will
clarify this situation.
Section of the
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