
he spleen is the major organ involved in platelet
dynamics in normal and pathologic states (1-3). It is
both the main site of platelet destruction and an im
portant exchangeable platelet pool. The use of radioin
dium (â€˜â€˜â€˜In)as platelet label has made it possible to
study platelet dynamics scintigraphically by recording
time-activity curves over the liver, spleen, and heart
following the injection of labeled platelets. Peters et al.
(2,4) introduced methods for calculating splenic blood
flow and intrasplenic platelet transit time by assuming
that there is rapid exchange of platelets between the
circulation and the spleen as in a well-mixed closed two
compartmental system. This model has been validated
in healthy persons with normal platelet dynamics
(3,5). However, according to Peters et al. (6) this tech
nique is not applicable to platelets with a very short life
span and, instead, deconvolution analysis has been used
for the study of splenic platelet dynamics in pathologic
conditions. However, in deconvolution analysis it is
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assumed that the blood-pool signal is a true reflection
of the arterial input into the spleen; therefore this
analysisdoes not account for the possibilityof platelet
sequestrationin the liver,lungs,and bonemarrow.

We report a new biexponential model describing
splenic platelet dynamics in patients with idiopathic
thrombocytopenic purpura (ITP). This model was val
idated by relating data on platelet kinetics to results of
platelet associated IgG.

MATERIALS AND METhODS

Patients
Of the 33 patients with ITP, includingthree patients with

thrombocytopenia associated with systemic lupus erythema
tosus, 20 were females and 13 men with a mean age of 37 yr
(range 6â€”75yr). All patients had a shortened platelet survival
time, peripheral thrombocytopenia and a normal or increased
number of megakaryocytes in the bone marrow.

Platelet Labeling
Platelets were labeled by modifying a previously described

method (7). Briefly, 18â€”43ml whole blood was collected in a
plastic syringe containing 3.3â€”7.5ml acid-citric-dextrose
(ACD).Plateletrich plasma (PRP) was obtained by centrifu
gationat 260 g for 10mm of the blood samplecollectedin a
30 ml rubber-capped polycarbonate (PC) tube (Nalgene, Oak
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Splenic dynamics of 1111n-Iabeledplatelets and platelet-associated lgG in 33 patients with
idiopathic thrombocytopenic purpura (ITP) were studied. Two hall-lives were calculated for
the biexponential splenic time-activitycurve after i.v. injectionof 111In-Iabeledplatelets. There
was no difference in the mean half-lifeof the rapid component of the splenic curve (ST1)
when patients with negative or slightly positive platelet suspension immunofluorescence test
(PSIFT) were compared to those with strongly positive PSIFT (3.0 Â±0.7 mm vs. 3.6 Â±0.4,
p > 0.05). Mean half-lifeof the slow component of the splenic curve (ST2)was found to be
longer in patients with a strongly positive than a negative or weakly positive PSIFT(26 Â±5
mmvs. 13.2Â±1.0 mm,p < 0.01).Itseems that determinationof the twocomponentsof the
splenic time-activitycurve provides a useful method for studying platelet kinetics in ITP.

J Nucl Med 30:1546â€”1549,1989



Ridge, USA). PRP was then transferred into another PC tube
to which was added ACD 1:10 (v/v) for adjusting pH to 6.5.
The platelets were then centrifuged at 800 g for 10 mm. The
platelet poor plasma (PPP) was aspirated, the platelet pellet
washed once with 5 ml and resuspended in 1 ml modified
Tyrode's solution (MTS), whereafter 100â€”200@iCi[â€˜â€˜â€˜Injoxine
(Amersham, UK) was added. After incubation for 5 mm 3-4
ml PPP was added, the tube centrifuged at 800 g for 5 mm
and the supernatant containing the unbound isotope aspi
rated. The platelets were resuspended in 5 ml PPP and rein
jected intravenously.In nine patients the platelet count was
below20 x l0@/land blooddonor ABO-and Rh-compatible
Hb@Agand HIV negative platelets were used. The amount of
unbound radioisotope in the suspension injected was < 5%
and the erythrocyte-boundradioactivitymeasuredfromblood
samples after injection was below 10%.

Platelet SurvivalStudies
Samples of 3 ml ethylenediaminetetraacetic acid (EDTA)

blood was collected 15 mm, 30 mm, 60 mm, and 3 hr after
the injection of the labeled platelets and thereafter 1â€”2times
daily over 2â€”5successivedays. The radioactivity in 1ml whole
blood samples was measured in a gamma counter (1282
Compugamma, LKB-Wallac, Finland). The whole blood ac
tivity was plotted against time and the platelet half-life was
expressedas the time elapsedbetweenthe firstsampleand the
moment when the radioactivity had decreased by 50%.

Scintigraphy
The labeledplateletswereinjectedto the patient positioned

supineover the gamma camera (GeneralElectricMaxiCam
era, equipped with a standard medium-energyparallel hole
collimator)connectedto a PDP 11/34 computer systemwith
Gamma 11software.Posteriorimages(PA)wereaccumulated
every 15 sec for the first 10 mm and every 2 mm for the next
30 mm, whereafter the liver and spleen were also imaged in
the anterior direction (AP).

SerologicStudies
Platelet-associatedIgGwas measuredby a plateletsuspen

sion immunofluorescence test (PSIFT) as described previously
(8). The results were expressed as negative, weakly positive,
or stronglypositive.

Data Analysis
The followingbiexponential function was fitted to the

invertedsplenictime-activitycurves:

Statistical Analysis
The results are presented as mean Â±standard error of mean

(s.c.m.). Statistical analysis ofdata was performed by the two
tailed Student's t-test for independent samples using a corn
puter program (Stats+, StatSoft, Inc., Tulsa, USA).

RESULTS

The platelet blood half-life was 37 Â±5 hr for patients
studied with autologous platelets and 13 Â±6 hr for
those studied with homologous ones. The splenic time
activity curves fitted a biexponential function in all but
four cases, whose curves run a monoexponential course.
The results on ST1 and ST2 are presented in Figure 1.
A typical splenic time-activity curve, a normalized in
version ofthis curve and its logarithmic transformation,
are presented in Figure 2Aâ€”C(four patients excluded
because PSIFT not performed; 5T2 not determined in
three additional patients because of patient movement
during dynamic imaging).

Patients with a strongly positive PSIFT had a longer
mean ST2 value than those with negative or weakly
positive PSIFT (26 Â±5 mm vs. 13.2 Â±1.0 mm, p <
0.01). No relationship could be demonstrated between
BT1 or BT2 and the other measured parameters. He
patic time-activity curves showed irregular appearance
and no single mathematic function was applicable and
therefore quantitative analysis was not performed.

Patients with strongly positive PSIFT had signifi
cantly lower S/L-ratios than those with negative or
weakly positive PSIFT (per pixel: 2.6 Â±0.4 vs. 7.8 Â±
1.8, p < 0.001; ROI counts: 2.2 Â±0.7 vs. 6.6 Â±1.4,
p < 0.005).

DISCUSSION

According to some previous reports the spienic time
activity curve runs a monoexponential course after i.v.
injection of â€˜â€˜â€˜In-labeled platelets (2,4,5,10,11), and
therefore closed two-compartmental analysis should be
applicable in the investigation of platelet dynamics.
However, on the basis of observations in 29 of 33 ITP
patients, in whom biexponential curves were found, we
cannot share this opinion. If the closed two-compart
mental model would be valid, an inverse relationship
between the cardiac parameters and the splenic ones
could be expected. We failed to demonstrate such a
relationship and therefore a closed two-compartmental
model cannot adequately explain splenic platelet dy
namics. In four liP patients the splenic time-activity
curve ran a monoexponential course. According to
Equation (1) this can be interpreted as if ST1 and ST2
could be equal.

Deconvolutionanalysis is based on the assumption
that the blood signal recorded by gamma camera is a

(1)

Half-lives ofthe fast (ST1) and slow (ST2) components of the
curves were determined by pealing technique (9). By use of
least square regression analysis a line was fitted to the end
portion ofthe semilog y(t) curve and extrapolated to t = 0 to
give A2enabling calculation ofST2. The calculated values for
A2e@'@2@@weresubtractedfrom the y(t) curve and semilog
plotted whereafter A, and ST1 were calculated as above.
Corresponding half-lives (BT1 and BT2) were determined for
the blood-pool(=cardiac)time-activitycurve.

For calculation of the spleen/liver (S/L) ratio spleen and
liver radioactivityin the frames at the end of the dynamic
imagingwas recordedusingregionof interest (ROI)and also
radioactivity per pixel methods(geometric mean from AP and
PA images).
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true reflection of the arterial input into the spleen, and
that only the spleen is involved in platelet dynamics
(6). In practice one must, however, account for the
possibility of platelet sequestration occurring also in
other organ systems. In this study the liver showed an
active role in platelet dynamics, as demonstrated by the
relationship between the presence ofplatelet antibodies
and the S/L-ratio. This demonstrates that the role of
the liver cannot be dismissed as a closed two-compart
mental model as deconvolution analysis would require.
However, data from dynamic liver imaging was difficult

to analyze because of the irregular behavior ofthe liver
time-activity curves. Three patterns of curves were de
tected: decreasing,constant and increasingmaking
quantitative analysis of the curves difficult. Further
investigation is required to find the most reliable math
ematical models enabling quantitative analysis of liver
plateletdynamics.

Fitting the splenic time-activity curve to a biexpo
nential function facilitates the determination of half
lives of the two components of the curve. The half-life
ofthe slower component (ST2) seems to be pathophys
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FIGURE2
A: Observed background-subtracted splenic time-activfty
curve. Activity = counts per second, time = mm. B: Inver
sion of the splenic time-activity curve. Activity = 100 x (1
â€” A(i)/A(max)); A(i) = observed radioactivity, A(max) =

maximal observed radioactivity. C: Logarithmic transfor
mation of the inverted splenic time-activitycurve presented
in Figure2B. Regression lines for determination of the half
lives of the fast (a) and slow (b) component are shown.
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iologically relevant as demonstrated by its association
with the level of platelet-associated IgG. Platelets coy
ered with high amounts of antibodies seem to have
longer ST2 than those without. Thus, it seems as if the
transit of antibody-coated platelets through the spleen
is delayed, possibly as a preliminary preparation for
their removal from the circulation and ultimate destruc
tion. Patients with a strongly positive PSIFT also had a
lower S/L-ratio than those with a negative PSIFT. This
is in accordance with a previous observation that in
creasing amounts of antibody bound to platelets in
crease platelet sequestration in the liver (12), although
opposite observations have been reported by others
(13). In patients with negative or weakly positive PSIFT
the values for ST1, ST2 and the S/L-ratio were in the
same range as for three healthy volunteers studied (data
not shown).

The clinical and pathophysiologic relevance of ST1
remains unknown. There was no significant difference
in ST1 values between PSIFT positive and negative
patients. Therefore ST1 might reflect the distribution
ofthe labeled platelets during the first few minutes after
the injection. The clearly different nature of the two
components emphasize the importance of separating
them in the interpretation of platelet dynamics. We
conclude that closed two-compartmental analysis of
splenic platelet dynamics is not universally applicable
to short-lived platelets and fitting a biexponential func
tion to the inverted splenic time-activity curve for cal
culating half-lives provides a more universal approach
to the analysis of splenic platelet dynamics.

REFERENCES

1. Aster RH. Pooling of platelets in the spleen: role in
the pathogenesisofâ€•hyperspienicâ€•thrombocytopenia.
J C/in Invest 1966;45:645â€”657.

2. Peters AM, Klonizakis I, Lavender JP, Lewis SM. Use
of â€˜â€˜â€˜indiumlabelled platelets to measure spleen func
tion. BrJHaemato/ 1980;46:587â€”593.

3. Wadenvik H, Jacobsson S, Kutti J, Syijala M. In vitro
and in vivo behaviour of â€˜â€˜â€˜In-labelledplatelets: an
experimental study on healthy male volunteers. Eur J
Haemato/ 1987; 38:415â€”425.

4. Peters AM, Lavender JP. Factors controlling the in
trasplenic transit of platelets. Eur J C/in Invest 1982;
12:191â€”195.

5. Wessels P, Heyns AD, Lotter MG, Badenhorst PN.
An improved method for the quantification of the in
vivo kinetics of a representative population of â€œIn
labelled human platelets. Eur J Nuc/ Med 1985;
10:522â€”527.

6. Peters AM, Saverymuttu SH, Bell RN, Lavender JP.
The kinetics of short-lived indium-l 11 radiolabelled
platelets. Scand J Haematol 1985; 34:137â€”145.

7. Hawker 1U, Hawker LM, Wilkinson AR. Indium
(â€œIn)iabelledhuman platelets: optimal method. C/in
Sci1980;58:243â€”248.

8. Nieminen U, Syijala M, MyllyiÃ¤G, Ikkala E. Platelet
associated IgG, platelet mean life span and treatment
with intravenous IgG in idiopathic autoimmune
thrombocytopenia. Eur J Haemato/ 1988; 40:326â€”
331.

9. Lassen NA, Pen W. Compartmental analysis. In:
Tracer kinetic methods in medical physiology. New
York:RavenPress,1979:137â€”155.

10. Peters AM, Saverymuttu SH, Wonke B, Lewis SM,
Lavender JP. The interpretation of platelet kinetic
studies for the identification ofsites ofabnormal plate
let destruction. BrJHaematol 1984; 57:637â€”649.

11. Wadenvik H. The exchangeable splenic platelet pool
in man. Thesis, Gothenburg, 1987.

12. Kernoff LM, Blake KCH, Shackieton D. Influence of
the amount of platelet-bound IgG on platelet survival
and site of sequestration in autoimmune thrombocy
topenia.Blood1980;55:730â€”733.

13. Mueller-Eckhardt C, Mueller-Eckhardt G, Kayser W,
Voss RM. Platelet associated IgG, platelet survival,
and platelet sequestration in thrombocytopemc states.
BrJHaematol 1982; 52:49â€”58.

1549Volume30â€¢Number9 â€¢September1989


