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ameter is not linear, and therefore it is difficult to make a generally
applicable statement about sensitivity. We recommended a stan
dardized phantom I S cm in diameter to represent the head, and
one 25 cm in diameter to represent the body, because these are
closeto the averagedimensionsofthe ellipsesdescribingthe MIRD
standard man's head and torso (excluding the arms) (4). We dis
agree with the use of a steel-walled phantom, because ofits inhu
man attenuation characteristics.

We all believe that standardized measurements have become
a necessity, but we must beware of blind acceptance of excessively
simplified statements of performance (1 ,5. As Einstein said: â€œWe
should make things as simple as possible, but no simpler.â€•
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Quantificationof In Vivo Distributionof Platelets
Labeledwith Indium-I11 Oxine

The recent paper by Scheffelet al. (I ) in the Journal of Nuclear
Medicine raises some important questions in regard to the sites
of platelet sequestrationand the accuracyof the different methods
used to quantitate the in vivo distribution of platelets labeled with
In-i I I oxine.The observationthat there is no appreciableincrease
in splenic and hepatic radioactivity at the end of platelet life span
raises the question ofwhere the nearly 50%ofthe injected dose that
remained unaccounted for was deposited, and whether this occurs
in the bone marrow as has been suggested by Klonizakis et al
(2).

We have improved the accuracy of our original method (3) of
in vivo quantification of In-I I I-labeled platelets in organs (4) and
present some of the relevant results with this method. This may
throw some light on the sites of final disposal of platelets.

Briefly,autologous platelets were labeled with In-I I I oxineas
previously described (5). Anterior and posterior images of the
whole body were acquired every second day with a scintillation
camera and a computer-assisted imaging system. The geometrical
mean method of correcting for attenuation was used for in vivo
measurement of whole-body and organ radioactivity. Distribution
of In-I I I activityat equilibriumand at the end ofplatelet lifespan
was determined by fitting the data with the method oflinear least

squares regression analysis. The geometrical mean counts were
expressed as a percentage of the total body's geometrical counts
to eliminate the effect ofscintillation camera efficiency calibration
and the influenceof organradiationattenuation.Thecorrected
counts calculated by this method represent the radioactivity of the
organ as if it were situated in the mid anteroposterior plane of the
body (4).

Theresultsof In-i I I distribution,at equilibriumandat theend
of platelet survival, as measured in normal volunteers are given
in Table I. There was a slight but significant increase in splenic
radioactivitywith time. Hepatic activity increasedthreefold.
Total-body In-I I I activity decreased minimally.

Theaccuracyof themethodofquantificationwasverified,and
thesitesofdepositionof In-I11determinedin 10baboons(Papio
ursinus).Theequilibriumand finalinvivoin-I I1distributions,
determined with the scintillation camera, are given in Table 2.
Radioactivity in both the liver and spleen increased. In the baboon
the spleen is a more active site of platelet sequestration than in
man,buthepaticactivityincreasedtwofoldwithtime.Thebaboons
werekilledat theendofthestudyandtheexcisedorgansmeasured.
As isevidentfromTable2,thereisa closeagreementbetweenin
vivo and cx vivo measurements. Dissection of the skeleton revealed
that (14.4 Â±I.7)% of radioactivity was located in the bone marrow
at the end of platelet life span. Most of the In- 111 activity lumped
under â€œotherorgansâ€•was accounted for by muscle and skin (6.7
Â±I .4)%, gastrointestinal system (4.9 Â±I .6)%, and kidneys (2.5
Â±0.6)%.

Theseresults,andstudiesperformedina phantom(4), clearly
validate the accuracy of the geometrical mean method for the in
vivo quantification of In-I 11 activity.

ThediscrepanciesbetweenourresultsandthoseofScheffelet
al. (I) are difficult to explain if they are not due to differences in
the techniques of Inn 11 quantification. We find it difficult to
accept the suggestion that the bone marrow is responsible for
35â€”40%of platelet sequestration (2). The bone-marrow activity
of 14.4% that we found in the baboon corresponds closely to the
14%measured in rabbits (1). Our results favorthe liveras a major
site of plateletsequestration.Analysisof the data givenby Scheffel
et al. (I) in their Table 4 with Student's t-test for paired data also
shows that hepatic activity in subjects 1, 4, 6, 7, 8, and 9 increased
significantly (P <0.01) during the time from 90 mm after injection
of labeled platelets to the final measurement of In-I I I activity.
Although the spleen, liver, and bone marrow are the major com
ponents of the reticuloendothelial system, the wide distribution
of this tissue throughout the body may account for the final dis
tribution of the remainder of In-i I I activity. Some platelets may
also be utilized in the vascular system, but we have not been able
to measure this in vivo in normal subjects (3).

TABLE1. INVIVO QUANTIFICATIONOF IN-Ill
ORGANRADIOACTIVITYIN NORMALHUMAN

SUBJECTS (n = 6)

Wholebody 100 Â±0 96.6Â±5.2
Spleen 31.1Â±6.1 35.6Â±9.7'
Liver 9.6Â±1.2 28.7Â±8.3'

. WhOle-bOdy In-i 1 1 actIvity did not decrease significantly

(p >0.1), butthatof the spleen(p <0.01)and liver (p <0.005)
did k@creasesignificantlywith time (student'st-test for paired
data).
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Whole body 100 Â±0
17.3 Â±3.2
15.6 Â±2.0

95.2 Â±3.7'
33.5 Â±3.1'
35.2 Â±6.5'

100 Â±0
33.7 Â±5t
36.7 Â±7.lt
14.4Â±1.7

Spleen
Liver
Bone marrow
Other organs 68.1 Â±4.5 31.4 Â±4 15.5 Â±4.0

. Whole-body In-I 1 1 activIty did not decrease significantly (p >0.05), but that in the spleen (p <0.001) and liver (p <0.0005) did

Increase highly signIficantly with time. (Student'st-test for paired data).
t In vlvo and ex vivo quantification of splenlc and hepatic In-i 1 1 activIty did not differ statistically (p >0.1).

Ourresultsconfirmthevalidityofthegeometricalmeanmethod
for the in vivo quantification oflabeled platelets. The results also
confirm the findings of Aster (6), who in his classical studies
showedthat the liverandspleenare themajorsitesofplateletse
questration.The roleof the bonemarrowhascertainlybeenun
derestimated in this regard, but it seems to play a relatively sub
sidiary role to that of the liver and spleen.
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Reply
WethankDr.Heynsandhiscolleaguesfortheirinterestinour

workwith In-i I 1plateletsand their commentson our recent paper
in this Journal (1).

Sincethepublicationofourpaper(I), wehave(a)validatedour
in-vivo quantification method based on the modified geometric
meanforcorrectionofattenuation,and(b)studiedtheroleofbone
marrow in the sequestration of platelets in rabbits (2). Our results,
details to be published elsewhere, showed that there was good
correlation between the values obtained by in vivo quantification
and those obtained by postmortem measurements of the radioac
tivity in the liver and the spleen. In 32 rabbits, r 0.854 for liver
and 0.899 for spleen, and the ratios of in-vivo to sacrifice values
were 1.05and 1.10respectively.Usingthis method,wealsoshowed
that after infusion, the In-I 11 platelets rapidly accumulated in
these two organs, reaching 35% and 12%of the injected dose in the
liver and spleen respectively by one day. Thereafter there was little
change. On the sixth day, when In-i I I platelets had cleared from
the circulation, there was 40% in the liver, 14% in the spleen, and
28% in the bone marrow (Table I ). The radioactivity in the bone
marrow was derivedby assumingthat the total bone-marrowmass
in rabbits was 2.2% ofthe body weight (3,4). Our earlier estimate
of 14%(1) wasbasedon measurementswemadeon three complete
rabbit skeletons, freed from adhering muscle and fat after auto
ciaving the carcass. The radioactivity in bone (approximately 3%)
had been subtracted from the total skeleton activity. We suspect
that some of the In-I I I in the bone marrow may have been lost
during autoclaving. Therefore, in our current study, we have used
the previously published values (3,4) in estimating rabbit bone
marrow mass.

Our results suggest that in addition to liver and spleen, bone
marrow plays an important role in sequestering platelets in rabbits.
Ourresultsinhumansandrabbits(1,2)differfromthoseofHeyns
et al. (5) in that there was little change of the radioactivity in the
liver and spleen after one day. We postulate that the initial local
ization of In-I I I platelets in the liver and spleen was in part due
to pooling, while at later days, it was due to sequestration of
platelets by the macrophage system in these organs. The role of
bone marrow in the sequestration of platelets in man is not clear,
since no direct measurement in humans have been carried out.
However, in view of the visualization of In-I 11 radioactivity in
areas corresponding to the distribution of bone marrow in man
(1 ,6), bone marrow may also play an important role in the se
questration of platelets in man. Heyns's recent results in baboons
(5) point to the same conclusion.
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TABLE2. INVIVOANDEXVIVOQUANTIFICATiONOFIN-lll RADIOACTiVITYINBABOONS(n 10)




