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pharmaceutical during coronary occlusion (2â€”7).Tech
Technetium-99m-2-methoxy isobutyl isonitrile (@â€œTc-sestanetium-99m-sestamibi must therefore be rapidly available
mibi) is a radiopharmaceutical that can be useful in the to permit administration without any delay in reperfusion
evaluationof patients with acute myocardialinfarction.The therapy. Two major steps as part of the preparation in
current method for preparation requires a lengthy boiling structions in the package insert of 99mTc@sestamibilimit
water bath procedureand the recommendedqualitycontrol the availability of this agent on an emergency basis (8); as

procedureis cumbersome and time-consuming.Using a mi

a result, multiple kits had to be prepared in advance each

crowaveoven,the heatingtime necessaryto providea label
ing efficiency (averaging 97% for sestamibWabeled with max

day to permit its use in patients with acute myocardial

developing solvent. The recommended thin-layer chromatog
raphy (TLC) system involving the use of an Al203-coatedplate
requiresan averagetime for dryingand developmentof 34.8
Â±1.6 mm (n = 58) to complete, whereas the new MPC
system has an average developing time of 2.3 Â±0.1 mm (n

two recently approved kits of Ceretec (9) and MAG3Â°
(10), the package insert (8) for 99mTc..sestamibi does not
require the verification of radiochemical purity (RCP)
prior to administration of the radiopharmaceutical to a
patient. However, it has been considered a part of good

= 26). For radiochemical

nuclear pharmacy practice (1 1) to determine the RCP of
a radiopharmaceutical prior to patient administration to

infarction in our previous clinical studies (3â€”5).First, the
imumallowable @Tc
activityandvolumehasbeenreduced
preparation of99mTc@sestamibirequires 10â€”1
5 mm to bring
to 10 sec. A new mini-paper chromatography (MPC)system
the
water
bath
to
a
boiling
state
and
another
10-mm
boiling
has been developed to analyze the radiochemicalpurityof
period
for
heating
the
vial
contents.
Second,
unlike
the
@â€œTc-sestamibi
involving a 1:1 chloroform/tetrahydrofuran

purity values ranging from 71â€”99%

(n = 31), the MPC and TLC methods correlated closely (r =
0.99) with a regression line of MPC% = 1.05 TLC% â€”5.75.
The combined use of the microwaveoven heating method
and our quick quality control system willfacilitate the rapid,
emergency use of

@â€˜Tc-sestamibi
and eliminate the need for

advance preparation of multiplekits each day.
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ensure a dosage form of the highest safety, purity, and
efficacy. As stated in the package insert (8), RCP for 99mTc@

sestamibi ofat least 90% has been shown to provide safety
and effectiveness in the clinical trials. The recommended
radiochromatographic procedure for the determination of
RCP of 99mTc@sestamibi
involves the use of an aluminum
oxide-(A1203) coated thin-layer chromatography (TLC)
plate (Baker-flexÂ®,
J.T. Baker Chemical Co., Phillipsburg,
NJ) with absolute ethanol as developing

solvent. In our

echnetium-99m-2-methoxy isobutyl isonitrile (@mTc@ experience, the entire chromatographic procedure, includ
sestamibi) is a promising @mTc@labeled
radiopharmaceu
ing the time to dry the sample spots and to run the TLC
tical for myocardial perfusion imaging (1,2). Myocardial plate, takes approximately 30â€”40mm. These time-con
perfusion imaging with 99mTcsestamibi can be utilized in suming labeling and quality control procedures need to be
patients with acute myocardial infarction to quantify the significantly reduced in order to utilize @mTc@sestamibi
for
amount of myocardium at risk and to assess final infarct emergency purposes.
size and treatment benefit following acute reperfusion
Gagnon et al. (12,13) have described a microwave oven
therapy with either percutaneous transluminal coronary
heating method for labeling sestamibi with 100 mCi (3,700
angioplasty and/or thrombolytic therapy. The assessment MBq) @mTc@pertechnetate
in 13 sec and have shown that
ofmyocardium at risk requires administration ofthe radio
the labeling efficiency determined by the TLC plate/
ethanol system is adequate after microwave oven heating.
Currently, U.S. federal government regulations (14) re
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quire all Nuclear Regulatory Commission (NRC) medical

licensees to prepare reagent kits in accordance with the
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manufacturer's instructions (i.e., package insert). Although
the microwave oven heating method is not mentioned in
the package insert, the boiling water bath method that is
included is described as â€œrecommendedâ€•
(8). This lan
guage suggests that the microwave oven method can be
adopted as an alternative way to prepare
@Tc-sestamibi.

ical impurities generated by this hypothetical process may or may

On the other hand, the use of this method to prepare

apak C18i0-@sm
column (Waters,Milford,MA) was used as the

99mTcsestamibi

on an emergency

basis for patients

with

not be detected by the TLC method. High-pressureliquid chro

matography(HPLC)wouldbe a usefultool to assesssuchpossible
radiochemicalimpurities. Some @mTc@sestamibi
solutions pre
pared with boiling water bath method or microwave oven heating
method were, therefore,analyzed with a HPLC system equipped
with a radioisotope

detector.

A 3.9 mm (i.d.) x 300 mm

@Bond

analytical column. The mobile phase consisted of 45% metha

acute myocardial infarction would clearly â€œreduce
medical nol:35% 50 mM ammonium sulfate:20%acetonitrile. The flow
risks to particular patients,â€•as any delay in the adminis
rate was maintained at 2 mi/mm. Sampleswere analyzed using
tration of the reperfusion therapy will increase the risk to a 5-id injection, which corresponded to approximately 250 @zCi
the patient. It will thereby satisfy condition three outlined (9.25 MBq).
in the NRC's Interim Final Rule (15).
Radiochromatography of @Â°â€œTc-Sestamibi
The purpose ofthis study is to confirm the feasibility of
The percentage of 99mTc..@mibi was measured using two
using a microwave oven heating method for labeling @mTc@
radiochromatographicmethods.
sestamibi prepared with the maximum allowable activity
Thin-Layer Chromatography (TLC) Method. This method is
and volume of@mTc@sodiumpertechnetate, and to develop described in the package insert (8). It involves the use of a pre
a more simple and rapid procedure for the quality control dried â€˜Baker-flex'Â®
A1203lB-F TLC plasticplate (7.5 x 2.5 cm)
as the stationary phase. Two drops of @mTc@sestamibi
solution
of @mTcâ€¢sestamibi
in routine and/or emergency uses.
were applied side by side on top of a drop of pie-applied 95%
ethanol wet spot. The sample spot was allowed to dry in a
MATERIALS AND METHODS
desiccator (typically takes about 15 mm) before the TLC plate

Preparation of â€˜@â€˜â€œTc-Sestamibi
with a Microwave Oven

was developedwith ethanol in a 3.8 cm (O.D.) X 8 cm (L) glass
To determine the optimal heating parameters (e.g., heating bottle (All-Pak, Pittsburgh, PA). The glass bottle was capped with

time and output power of the microwave oven), a digital ther
mometer probe (Model 9800, Type K thermocouple, Taylor
Scientific Instruments, Arden, NC) was utilized to measure the
temperature of 3-ml 0.9% NaCI Injection, USP, contained in a
CardioliteÂ®
(E. I. duPont de Nemours & Co., Billerica, MA) vial.

a screw cap to provide a solvent-saturated, even-vapor atmos
phere. Only the @mTc@sestamibi
migrated with ethanol to the
solvent front.
Mini-Paper Chromatography (MPC) Method. The MPC sys
tem involved the use of a precut paper strip (1 cm x 8.5 cm)
After 10 mm heatingin a boilingwater bath (96.9 Â±1.2Â°C,
n = from Solvent SaturationPads (Gelman Sciences, Ann Arbor,MI)
17), the temperature of solution in the vial was measured to be
as the stationaryphase with 1:1 chloroform (CHC13)/tetrahydro
98.7Â±0.3Â°C
(n= 6).It took8 sectoreachthesametemperaturefuran (THF) solution used as the mobile phase. Radiochroma
range using a microwave oven (Kenmore, Model No. togram scanner (Radiomatic VISTA Model 100, Radiomatic

565.8962781,
Sears,Roebuck
andCo.,Chicago,
IL) at a micro Instruments & Chemical Co., Inc., Meriden, CT) and autoradi
waveoutput powerof452.5 wafts.Wearbitrarilyaddedtwo more ographywere utilized initially to determine the R@(relativefront)
seconds of healing time to optimize the microwave oven method
and the final temperatureof solution inside the vial after 10 sec
microwave heating was 106.8 Â±3.8Â°C(n = 19). Technical speci

values ofdifferent radiochemical species of@mTc@sestamibi. After

the TLC and MPC strips were scanned through the radiochro
matogram scanner, the strips were exposed to an X-ray film

ficationsofthe commercialmicrowaveovenweusedin our study (KodakEktascanBfilm, B-, EastmanKodakCompany,Roch
are listed in the note.

ester, NY). With the usual 150â€”200@Ci
(5.6â€”7.4
MBq) of@mTc@

Technetium-99m-sestamibiwas prepared using a microwave sestamibi sample applied to the TLC or MPC strip, the film
oven to heat five CardioliteÂ®
kits. Each 5-mi CardioliteÂ®
vial
contained 1.0 mg of tetrakis(2-methoxy isobutyl isonitrile) cop
per (I) tetrafluoroborate,

2.6 mg of sodium citrate dihydrate,

1.0

mg ofL-cysteine hydrochloridemonohydrate, 20 mg of mannital,

should be exposed for approximately 10 mm. After the sample
was applied on the bottom ofthe strip,the paperstripwas placed
in a VenojectÂ®
blood collection tube (Terumo Medical Corpora
tion, Elkton, MD), which contained the mobile phase solvent. A

and 0.075 mg of stannous chloride dihydrate, lyophilizedand closed solvent-saturated atmosphere was created by capping the
stopperedunder nitrogen.Followingthe packageinsertdirections tube with a rubber stopper. To test the feasibility of the MPC
(8), the maximum activity (150 mCi; 5,550 MBq) of
@

@mTc@system in detecting hydrophilic

@mTc
species and hydrolyzed
pertechnetate and
99mTcsulfurcolloid solution were applied separately on MPC
strips and developed with 1:1 CHC13/THF.

sodium pertechnetatewasadded to the kit and the total volume reduced 99mTc,samples from
was adjusted to 3 ml using 0.9% NaCl Injection, USP.
Before placing the kit in the microwave oven, approximately

10-15 ml of nitrogen was withdrawnfrom the vial using a 20-mi
syringe until a vacuum was created. A styrofoam block (3 cm

Formulation of High, Low, and Intermediate RCP

o.d.) was placed tightly over the metal cap on the vial to prevent
sparking.The vial was then placed in the microwave oven and

Levelsof @â€œTc-Sestamibl

heated for 10 sec at 452.5 watts. Labeling efficiency was evaluated

chromatographyprocedure,it is necessaryto verifythe resultsof

by TLC plates/ethanol radiochromotographysystem at 5 mm,
30 mm, 1 hr, 3 hr, 6 hr, and 24 hr after reconstitution.
It is possible that microwave heating could cause molecular
breakdownof the cold or labeled sestamibi ligands. Radiochem

the new MPC procedure with those ofthe referenceTLC proce
dure. Technetium-99m-sestamibi solution with intermediate

Rapid Preparation and QC for @â€œTc-Sestamibi
â€¢
Hung et al

In order to determine the accuracy of the proposed paper

RCP values ranging from 83%-92% was created for the compar

ison study. This range is most Critical given the

@90%RCP
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labeling specification

stated in the package insert (8). Both quality

100-

â€˜=1@sz:=:=8iii-@@ao
@$@â€”i-----

control procedures were compared in 99mTc@sestamibi
prepara
tions with RCP values in the low (70%â€”80%)(n = 5), interme
diate (83%â€”92%)
(n = 20), and high (95%â€”99%)
(n = 6) range
to evaluate the overallaccuracyofthe proposed RCP test method
at the lower and higher RCP levels.
The overall procedure was to prepare two kits: one of high

@

w-

Ii:01 I I I I I I I I I i t

RCP (normal preparation) and one of low RCP (as described

below). The individual RCP of each preparationwas measured
by the TLC procedure and then various volumes of each vial
were mixed to generate solutions of intermediate RCP. The
solutions of intermediate RCP were analyzed by the reference
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TLC procedure and the new MPC procedure simultaneously.

FIGURE1. Labeling
efficiency
curvesof five @â€˜Â°â€˜Tc-sestamibi

High RCP Preparation. Preparation was performed according
to the package insert (8), using the maximum activity/volume
allowed, i.e., 150 mCi (5,550 MBq)/3 ml of @TcO@.
The RCP
was determined by the referenceTLC procedure(RCP should be
on the order of 95% esmTc@sestamibi).
Low RCP Preparation. The vial was reconstituted with 150
mCi (5,550 MBq)/3 ml of @mTc@sodium
pertechnetate. For this
preparation,the vial was allowed to sit at room temperature for
1â€”3
mm and then transferred to a precooled lead pig sifting in
an ice bath. The RCP was measured with the reference TLC
method. It is importantto keep the vial cold to minimize changes

kits preparedwith microwaveoven.The heavylinerepresents
the averageRCP valuesof fivekitsandthe dottedlineindicates
the minimumacceptanceRCP level(90%).

in the measured RCP. At room temperature,

the RCP continued

RESULTS
Preparationof
Oven

@â€˜Tc-Sestamibi
with a Microwave

Five CardioliteÂ®kits were prepared in the microwave
oven with the addition of 3 ml of 99mTcactivity ranging
from 142 mCi (5,254 MBq) to 159 mCi (5,883 MBq). The
labeling efficiency (mean Â±s.d.) determined by the TLC

to increase, thereby making it difficult to accurately prepare method at 5 mm, 30 mm, 1 hr, 3 hr, 6 hr, and 24 hr was
solutions of intermediate RCP. Under these conditions, the RCP 96.9% Â±1.4%, 96.8% Â±1.6%, 97.0% Â±1.4%, 96.8% Â±
should be less than 50%.
1.5%,96.9% Â±1.6%,and96.9%
Â±1.5%,respectively(Fig.
Solutions with Intermediate RCP. The following equations
1). The overall average RCP of these five kits was 96.9%
were used to calculate the volumes of both high and low RCP
Â±1.4% (n = 30) over the 24-hr period after reconstitution.
preparationsneeded to prepare solutionsof intermediate RCPs.
The experimentally measured RCP values and the amount of No particulates or discoloration of the liquid were noted
99mTcactivity added to each vial during labeling were used in the after visual examination of the test vials.
HPLC analysis ofthe

following equations:
Vol10=
VOlhI

a

l+a
1 â€”Voi10,

where
â€”

â€”[RCPh (b/c)

a â€”
and

[RCP1@,(b/c)]

RCP1@,
â€”RCP10
3

Vol10 = volume (ml) ofstep 2 solution needed for intermediate
step 3 solution.
VOlh@ volume (ml) ofstep 1 solution needed for intermediate
step 3 solution.

0

@6
Is

RCP1@,= desired RCP of intermediate solution (step 3).
RCP10 = measured RCP of vial prepared in step 2 +1%.

b

= amount of 99mTcactivity (mCi) added to vial in step
2.

c

= amount
1.

of esmTc activity

>t

Is

RCPh@ measured RCP of vial preparedin step 1.

@

99mTc@sestamibi samples prepared

by boiling water bath and microwave oven methods pro
duced the chromatographic patterns shown in Figure 2.
Both HPLC chromatographs were almost identical. The
same patterns were also observed on both samples ana
lyzed at 1, 3, and 6 hr after preparation.

@@owave

Boiling
water

(mCi) added to vial in step

I

0

I

2

I

I

4

I

I

I

6

8

10

Retention time (mm)
The volumes Volh,and Vol10calculated above were combined
to prepare solutions ofintermediate RCP. Because ofthe gradual
change in RCP in the low RCP kit, the actual RCP of the

intermediateRCP solutionwasdeterminedby the referenceTLC
procedure and the newly proposed MPC procedure at the same
time.

2164

FIGURE2. HPLCchromatograph
ofboiling
waterpreparation
versus microwave oven preparation 24-hr post-reconstitution.

Peaks 1 and 2: @â€œTc
impurities,peak 3: @â€œTc-sestamibi.
The
retentiontime for peaks 1, 2, and 3 was approximately2 mm, 3
mm,and 5 mm,respectively.

The Journal of Nuclear Medicine â€¢
Vol.32 â€¢
No. 11 â€¢
November 1991

I

@

us
yâ€”1.OEx-5.18
r=0.99
nâ€”31
pâ€”0.0001

@eo

C

@

75

â€¢

â€¢

0
@
Origin

@

1Q

U,

15

B@

@@!IM

+

@

â€˜

, 8

@II

70

@?nt

95

mc

1@

10

cm

cm

FIGURE5. Overallcompanson
betweenTLCandMPCmeth
ods in the measurementof RCP(71%â€”99%)
of @Tc-sestamibi.
FIGURE3. Autoradiographs
(top) and radiochromatogram
scans (bottom)fora good @Tc-sestamibi
preparation
(left)TLC The RCPmeasuredby the MPC procedurewas significantly
method, RCP = 97.0%, (right)MPC method, RCP= 96.1%.
Comparison of Analytical Methods

The distribution of 99mTcse@mibi on the MPC strip
was much broader in comparison with the Al203 TLC
plate (Figs. 3 and 4). However, this considerable trailing
pattern of the 99mTcsestamibj did not fall below the cut
line at Rf 0.5 in either good @mTc@sestamibi
preparations
(Fig. 3) or bad 99mTcsestamibi preparations (Fig. 4).
The average time for drying and developing the A1203
TLC plate was 34.8 Â± 1.6 mm (n = 58), whereas the
average time for developing the MPC strip was 2.3 Â±0.1
mm (n = 26). There was no pre-drying time for the MPC
strip to be considered since the strip was placed in the tube
while the spot was still wet. Analysis of the samples of
99mTc@jium pertechnetate (n = 5) and @mTc@sulfur
col
bid (n = 5) by using the MPC system indicated that all
radioactivity remained at the origin (Rf = 0.0).
The results from using the MPC procedure and the
reference TLC analytical system were in good agreement
(r = 0.99) for the measurement of overall RCP values in
the range of 71%-99% (Fig. 5). Individual measurements
of the intermediate RCP values, i.e., 83%â€”92%,are listed
in Table 1. The RCP value of the new MPC system
exceeded that measured by the TLC analytical system in
only one case (Kit #9, difference = +0.4) which suggests

I

lower than with the TLC procedure(p = 0.0001),but the magni

tude of the differencewas very small(1.6% Â±1.1%).
that the new MPC system slightly underestimatesthe RCP
values determined by the TLC analytical system (Table 1)
and thus a sample with acceptable RCP by MCP should
also be acceptable by TLC. The percent of primary 99mTc@
sestamibi complex measured by the MPC procedure was
slightly but significantly lower than the TLC procedure (p
= 0.0001),

* A1203

FIGURE4. Autoradiographs
(top) and radiochromatogram t Paper
method, RCP = 76.8%, (right)MPCmethod, RCP = 72.5%.
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â€¢
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reject

for IntermediateRCPKits

/â€˜\@?nt

scans (bottom) for a bad @â€œTc-sestamibi
preparation(left) TLC

might

TLCMPCDifferenceSample
(%)(%)(%)*

Origin

cm

procedure

TABLE I

C

cm

that the new

Comparison Between TLC* and MPCt Analytical Systems

S

0

suggesting

some kits with acceptable RCP by the old procedure.
However, the difference was only 1.6% Â±1. 1% (Table 1).
Only two kits with acceptable (90%) RCP by the TLC

1

86.1

2

84.8

84.8
84.2

â€”1.3
â€”0.6

3

83.5

83.1

â€”0.4

4

86.5

85.8

â€”
0.7

5
6

86.4
86.9

84.9

â€”1.5

7

87.4

82.8
84.2

â€”4.1
â€”3.2

8

87.3

85.7

â€”1.6

9

84.3

10

86.9

11

92.1

12

90.5

13

91.7

14

92.2

15

90.8

16

88.6

17
18
19

90.6
88.8
87.9

20

87.8

TLC

with

ethanol

chromatography

as

84.7
+ 0.4
85.1
â€”1.8
90.6
â€”1.5
90.2
â€”
0.3
91.3
â€”0.4
91.0
â€”1.2
89.5
â€”1.3
87.7
â€”0.9
88.9
â€”1.7
87.2
â€”1.6
86.2
â€”1.7
86.5
â€”1.3
MeanÂ±s.d.1.6Â±1.1
p@= 0.0001
mobile

phase.

using 1 :1 CHCI3/THF

as mobile phase.

t Difference (%) = MPC (%) â€”TLC (%).
Â§
Paired t-test.
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procedure had unacceptable RCP by the MCP procedure
(Kit #15, difference
â€”l.7%)(Table 1).

= â€”0.3%; Kit #17, difference

=

microwave ovens with a digital control panel are more
suitable for setting short heating times (i.e., 10 sec) since
they can be accurately set at the required heating period.

Finally, based upon the preparation parameters of @mTc@
sestamibi in our institution (e.g., 150 mCi; 5,550 MBciJ
kit, four kits/day, 10-sec microwave time, 0.5 m distance
to vial while heating), the daily radiation exposure from
Technetium-99m-sestamibi
must be available on de
mand to assess myocardial perfusion in patients with chest this process has been determined to be only 0.5 1 mR (5.1
mSv) (this calculation assumes that the exposure rate for
pain or acute myocardial infarction (3-7). Without rapid
methods of formulation and quality control, four vials of 1 mCi (37 MBq) 99mTcat 0.5 m is 0.3 1 mR/hr (3. 1 mSv/
99mTclabeled CardioliteÂ®would have to be prepared in hr) and does not consider any shielding which may be
advance every day due to the 6-hr shelf life of 99mTc@ provided by the microwave oven). The exposure rate may
sestamibi (3-5). This costly and impractical procedure is be reduced further below the already low level by increas
necessitated by the lengthy labeling procedures with a ing the distance from the individual to the source. Thus,
it may not be necessary to shield the microwave oven. The
boiling water bath and the time-consuming quality control
ALARA
(as low as reasonably achievable) principle only
method using the recommended TLC procedure.
recommends
taking â€œreasonableâ€•
approaches in order to
A microwave oven has been utilized to prepare 99mTc@
maximize
protection
from
radiation
exposure. The extra
sestamibi and shown to reduce the heating period consid
weight
involved
in
placing
lead
sheets
on a microwave
erably (12,13). In this study, we have confirmed that it
oven
to
provide
shielding
may
interfere
with microwave
only takes 10 sec of heating time in a microwave oven to
oven
performance.
Moreover,
using
lead
bricks to shield
label 99mTcsestamibi and that excellent labeling efficiency
around
the
microwave
oven
may
restrict
access to the
can be achieved with the addition ofthe maximum allow
microwave
oven
and
therefore
more
time
may
be required
able activity and volume of@mTcO@.The RCP values are
in
placing
the
unshielded
vial
inside
the
microwave
oven.
maintained at an average of 97% with small variations
In
our
opinion,
both
radiation
shielding
approaches
are
throughout the entire 24-hr evaluation period which mdi

DISCUSSION

cates that the microwave oven heating method is a useful
technique to prepare 99mTcse@mibi. The comparable
results from HPLC analysis of the microwave preparation
versus standard boiling water preparation suggests that the
microwave oven method would be a reliable replacement
for the recommended boiling water bath method. The

language in the package insert of CardioliteÂ®(8) indicates
that the use of the boiling water bath method is only
â€œrecommendedâ€•
to prepare @mTc@sestamibi
and we believe
that the fast labeling process of 99mTc@sestamibiusing the
microwave oven heating method would certainly reduce
medical risks to patients with acute myocardial infarction.
However, the legal considerations of utilizing this method
should be judged and decided by each individual institu
tion based upon their interpretation of the NRC regula
tions.
There are six technical precautions that must be consid
ered in using the microwave oven for the preparation of
99mTc@mibi
First, the optimum heating time and wat
tage for the successful labeling of 99mTcsestamibi with a

particular microwave oven should be experimentally de
termined. Second, the metal cap of the vial needs to be
covered with styrofoam to avoid electrical sparking. Third,
a vacuum condition must be achieved before the labeled
vial is heated with a microwave oven. Any residual gas left
in the head space ofthe vial could cause an ejection of the

cumbersome and impractical for reducing the already very

low radiation exposure. However, the ALARA concept
should still apply during the entire preparation procedure
such as using grip tongs to manipulate the labeled kit and
keeping a distance away from the microwave oven while
it is in use.
As stated earlier, the performance ofRCP determination
of 99mTcsestamibi has been regarded as part of good
nuclear pharmacy practice (11). There are several techni
cal circumstances that would make it a necessity to verify
the RCP of 99mTc@tamibi before the clinical use of this
radiopharmaceutical
in patients:
1. In this study, we only tested a 3-ml volume of 99mTc@
sestamibi in the vial. This volume is ideal not only
for providing the desired specific concentration (i.e.,
25â€”30mCi/ml; 925â€”1,110 MBgJml) for myocardial

perfusion studies, but also suitable for dividing the
volume for multiple injections. The package insert

(8) doesallow one to add 1â€”3
ml of 99mTc@sodium
pertechnetate injection to the vial. When any Car
dioliteÂ®kit is prepared with a lesser volume (i.e., <
3 ml) in a microwave oven, the RCP of 99mTc@
sestamibi should be determined before injection
since different volumes will have different tempera
ture responses in a microwave oven.

rubber stopper due to the excess steam pressure built up

2. A more homogeneous temperature of liquid in the

in the vial. Fourth, the labeled vial must always be heated
in the same position inside the microwave oven. For this
purpose, we have designed a plastic vial holder that is
permanently mounted in the central area ofthe tray. Fifth,

vial can be expected when it is heated in a boiling
water bath in comparison with a microwave oven.
Inconsistent power output or variable microwave
frequency may furthermore cause uneven heat dis
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tribution in the liquid solution. Although our results
have indicated that the microwave oven heating
method is quite reliable in preparing acceptable
99mTc@tamibi the study is based upon only a
relatively small scale of observations using a specific
type of commercial microwave oven. In addition,
the loss or variation ofmicrowave power output and
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oven should be evaluated on a long term basis.
Consequently, the verification of RCP of 99mTc
sestamibi as part ofthe microwave oven preparation
would be essential.
3. Any technical error in setting the microwave heating
time below or beyond the predetermined time may
result in the 99mTc@tamibi solution being rendered
unsuitable for clinical use. Visual inspection and
RCP measurement must, therefore, be performed
before 99mTc@tamibi is acceptable for administra
tion to patients. The A1203-coated plastic TLC plate
method is stated in the package insert (8) for the
determination of RCP in 99mTcsestamibi However,
this recommended TLC method for the measure
ment of 99mTc@tamibi would take at least 30 mm
to complete. This time-consuming procedure defeats
the purpose of using a microwave oven to expedite
the preparation of 99mTc@tamibi It is not only
impractical for the routine use of the agent but is
unacceptable for any emergency clinical application.

Although the MPC strip showed a relatively broader
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NOTE
Technical specifications of Kenmore microwave oven, Model
No. 565.89627 (Sears, Roebuck and Co., Chicago, IL):
Power input: 120 volts, 12 ampers
Power output:650 watts
Microwavefrequency:2,450 MHz
Outerdimensions: 10 l5/lÃ³in.(H)x20
ll/i6in.(W)x
15
13/16 in. (D)
Cavity dimensions: 6 5/8 in. (H) x 14 in. (W) x 15 in. (D)
Cavity volume: 0.8 ft3
Weight: 36.5 lb
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EDITOR'S NOTE:
Pleaseusecautionwhenrepeatingthisstudy.Duetothemanufacturer's
modification
ofthethicknessoftheglassusedinthevials,themethodhereindescribedmayresult
inanexplosionwhenthevialsareheatedinthe microwave
asdirected.Dataonthis
phenomenonhasjustbeenreceivedandwillbe publishedasa Letterto the Editor
in an upcomingissueof the Journal.
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ages are sensitive but nonspecific.
However, if the radionuciide dy

Epilogue on Extradural

Hematoma

namic images show displacement

Peter M. Ronal, MD,PhD

thecerebral
vasculature
awayfrom
the innertableof theskull,the

This issue contains three contributions
dealing with the appearance of epidural

radionuclide study is not only sen
sitive but specific for an cx

hematomaon cerebralradionuclidestud
ies. Each paper makes its point clearly

extradural(or subdural)hematomas.The

and concisely, and at first glance this sub.- gross displacement
of cerebral
ject may seem a pedestriantopic for edito vasculature from the inner table of the
rial comment. Nevertheless, a number of skull on the dynamic study in the case il

pointsare worthyof discussion.

lustrated by Zilltha and Irwin is diagnostic

The vastmajorityofextraduralhema
tomas are indistinguishablefrom subdural
hematomas by radionuclide imaging.The
sign ofseparation ofthe superior saggital
sinus from the skull, described by Buozas
et al. andby Lin in this issue, appearsto
be the only means of distinguishingthe

of a large extracerebralcollection. The

two types of lesions using radionuclide

studies. Despite its rarity, this sign is
therefore an extremely useful one. The
rim sign, unfortunately,provides no basis
for differentiation.
Lin drawsattentionto an interesting
characteristic ofextradural hematomas at

thevertex:theprimarilyvenous
nature
of the hemorrhage.In this respect, cx
traduralhematomasat the vertexappear
to constitute a distinct entity since, in sites
other than the vertex, they usually are
caused by arterial hemorrhage due to
lacerationof a meningeal artery.
Thepaperby Zilkha andIrwin raises
an important problem: the relative roles
ofbrainscansandcontrastangiogramsin

2168

need for a contrast

angiogram

in the face

ofsuch an unequallypositiveradionuclide
study,together with a fracture on the skull
radiograph, must be questioned. It seems
appropriatethereforeto developa rational

policy concerning the roles of radio
nuclide and contrast studies in the diag
nosis ofextradural and subdural hemato
mas. The following is such a rational ap
proach (although it is not the only rational

approach):

of

tracerebral
collection,
and a con
trast angiogram is unnecessary.

In the absence of this sign, abnor
mal static images usually indicate

theneedforcontrast
angiography
to
increasediagnosticspecificity.if the
radionuclide study is entirely nor
mal, an extracerebralcollection is
exceedingly unlikely. In a review of

the literature on extradural hema
toma, Cowan and Maynard found
thatonly 2 of 19patientswith pro
yen extradural hematomas had
negative scans. In a large study by
Brownet al. of5,835 dynamic, static
scintigrams, no patients with nor

mal dynamic and static imageswere
subsequently found to have a sub

dural hematoma.
â€¢
Whentheclinicalproblemis acute,
a contrastangiogram is more ap
propriatethana radionuclidestudy,
and in emergency situations im

mediate surgery based solely on
clinical diagnosis may be necessary.
The contrast angiogram is highly
sensitive and highly specific.
â€¢
When the clinical problem is not
acute, a radionuclide study is mdi
cated. The radionuclide static im

Accordingly,normal radionuclide
studies virtually exclude an extracerebral

collectionand patients should be followed
clinically without farther expensiveor in
vasive procedures.

If the clinical

picture

remains suspicious for an extracerebral

collection,a follow-upradionuclidescan
is indicated. If the clinical picture be

comes more acute, a contrast angiogram
should be performed.
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