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Re: Studiesof Skeletal Tracer Kinetics.Ill.
Tc-99m(Sn)MethyIenec@lphosphonateUptake as a
Functionof BloodFlow

I admiredthe researchapproachtakenby Drs.Sagar,Piccone,
and Charkes (I) in their attempt to determine the exact relation
ship between bone blood flow and Tc-99m MDP uptake within
canine tibia. Their postulate of a rate-limiting step in the process
of radiopharmaceuticaltransfer into boneappearsto beconsistent
with clinical findings. However, their analysis of the data as rep
resented in Figs. 3 and 4 does not satisfy all of the requirements
of a statistical regression.

Residual error, the deviation between an observation and its
predicted value, must be assumed to be normally and indepen
dently distributed before a test ofsignificance is performed. If one
does a residual analysis of their data, it can be observed that there
are more observations appearing above the predicted curve than
belowand that the sign and magnitude of these errors is directly
related to the input variable,relativebloodflowor perfusion.From
this analysis,it cannotbe proventhat the data fit the predicted
model.

In addition, in order to prove that the clearance curve does in
deedhaveâ€œasharpbend,â€•oneshouldhavea highersamplingrate
at the interval that has the higher rate of change. In the present
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FIG. 1. RelationshIpbetweenb-mm Tc-99mpyrophosphate
clearance and b-mm Ca-45 bone clearance. Identity line is
shown.

modified by heating and cooling the hind limbs of the animal.
Osseous blood flow was measured by the arteriolar trapping of
labeled microspheres of 15 @tmdiameter injected into the left
ventricle. The plasma clearances of Ca-45 and Tc-99m pyro
phosphate

bone activity in Ca-45 or Tc-99rn

â€˜tmean activity in Ca-45 or Tc-99m/ml plasma)

\ x timesinceinjection
were measured over 10mm and I hr intervals.At 10mm, Tc-99m
pyrophosphateclearance by the femur and the tibia wassignifi
cantly higher than the calcium clearance (Fig. 1). At 60 mm, both
clearancesweresimilar. Ten-minute and I -hr clearancesshowed
the same basic relationship with bone-blood flow (Fig. 2): the
extractionratio for Tc-99mandCa-45droppedasflow increased.
Our conclusion was that initial blood clearances of bone seekers
should not be used to measure the increases in bone blood flow over
thevaluesatrest.â€¢
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FiG.2. RelatIonshipbetween the 10-mm(A)(ref2)and 1-hr(B)Tc-99mpyrophosphatebone clearance and the bone plasma flowâ€”femur
and tibia.

I0
I0

n@ffiWn@Wg
PLA@4A FLOW

892
THE JOURNAL OF NUCLEAR MEDICINE



LETTERS TO THE EDITOR

study, only four intact dogs were represented in the interval 0â€”1
in Fig. 3, whereas the other 12 intact dogs were depicted in the
interval 2-4. In the interval 0- 1, the predicted curve had a higher
rateof changewith fewersamplepoints.Without moresampling,
it might be as easy to describe the data by a simple linear relation
as by a multiexponential, compartmental model.
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Ourapproachinthesemattersisstandardengineeringpractice,
and it is therefore no wonder that we came up with highly relevant
information. Our object in these studies has always been elucida
tionof knowledge,notcurvefitting,andour methodshavebeen
explained in detail (3). They are the same as those used to put the
astronauts on the moon. While there is still room for improvement
in our data fit to the theoretical curve, we make no apologies for
what we have done.
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Reply
Dr. Alihands says he has seen better fits of data to predicted

curves, and so have we. But as we clearly stated in the lead para
graph of our article, our purposewasonly to seewhether the cx
perimental data were consistent with the theory at all, and it is
obviousthat theyare.Wewereextremelycarefulto pointout in
the paper, and in other papers in this series, that the solutions are
not unique and that others exist, even possibly better ones.

As westated,the predictedcurveof relativetibial uptakeof
Tc-99m MDP against relative femoral arterial blood flow was
generated from studies done in four normal beagle dogs. We have
since carried out this analysis in eight additional dogs, with extreme
care to the details of blood collection. (The technique will be
published in the next paper in this series (3)). Blood volume was
estimatedby taking the weightedaverageof all 17 published
studies in 428 dogs collected in the FASEB handbook, Blood and
Other Body Fluids (1). The curve of relative uptake against rel
ative flow isshownin Fig. I . In comparisonwith thecurvepub
lished in our paper, it is evident that the data points now cluster
even more closelyabout the predicted values than they did in the
studywith thefirst four dogsand,in fact, thesquareddeviations
are less, i.e., the fit is better. Thus the experimental data support
the theory even better than they originally did. The intercom
partmental rate constants that weobtained in the normal dogs, in
terms of fractional transfer per minute, were: k120.400, k210.1 17,
k140.284, k410.590, k230.033, k320.840, k@10.014â€”basedon the
compartmental model that was used and referenced.
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Re: ImprovedProteinLabelingby Stannous
Tartrate Reductionof Pertechnetate

In the article by Pettit et al. (1), there iseither a miscalculation
or a typographical error in Table I .The specific activity (column
4) is denoted in â€œmCi/ag,â€•which is not possible. The higher
specific activity attaintable, if the reaction was quantitative for
Tc-99m human serum albumin (HSA) (line I), is 2.3 mCi/IÂ®
I.Lg to 0.023 mCi/@zg. Assuming the unit for specific activity is a

typographical error and should have been â€œ@iCi/@g,â€•if one cal
culates the percent Tc-99m incorporated into HSA from the au
thors' statements and the data on lines 1, 2, 3, and 4 (using small
amounts of HSA, 100 .tg), the labeling efficiencies appear to be
I3.7, 39, 14.4, and I8%, respectively. As an example, using the data
from line I and the authors' statement that â€œThismethod of col
umn preparation provided approximately 90% recovery of small
amounts of protein,â€•one calculates:

(0.9 (100 ;sg HSA (3.5 @Ci/@igHSA (100)

(23Â®@Ci) = 13.7%

Thus, the statement, â€œRecoverieswere typically 20-60% of the
activity applied to the small column . . . â€œneeds to be clarified, since
the observed values in three of four experiments of recoverable
labeled HSA average 25% below the typical lower limit (20%)
stated in the article.

The authors state that â€œ.. . aliquots of the labeled protein were
analyzed by Sephacryl 5-200 chromatography immediately fol
lowing preparation and again at 4 hr and 20 hr later.â€•Yet they
show only one analytical elution curve for HSA (Fig. 1), and do
not designate whether the data were obtained immediately after
preparation, at 4 hr, or at 20 hr. It would have been helpful to re
view the three elution patterns along with the percent Tc-99m
eluted in each case relative to the quantity ofTc-99m HSA applied
to the column. The only statement made was that the elutions
contained 80- 100% recoveries of the protein fraction from the
small column.

Referring to Table I and the authors' statement that â€œRecov
cries . . . wereinverselyrelatedto the amountof pertechnetateused
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FIG.1.SolidlineispredictedcurveofrelativeTc-99mMOPuptake
(experlmental-to-control tibia) vs. relative femoral arterial flow, in
dogs (see text). For comparison, solid circles are measureddata
points in 16dogs. Flow was measuredwith electromagnetic flow
meter. There is a good fit of data to predicted curve.
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