
oth visual and computer aided techniques have
been employed to fit platelet survival data into a clini
cally meaningful expression. Three decades of work
suggest that observer bias complicates visual interpre
tation and it has been recommended that such methods
be replaced (1 ). Interlaboratory comparisons remain
tenuous because of platelet injury sustained during
collection as well as many slight differences in labeling
methodology. Reports of differences in isotope elution
rates further confound comparisons between chro
mium-51 (5'Cr) and Indium-l 11 (â€œIn)data (2). Last,
without a general consensus for the shape ofthe normal
platelet survival curve, comparative data is difficult to
interpret.

Regarding the shape of the platelet survival curve,
some investigators favor a linear model while others
believe there is a variable random component super
imposed on the linear curve. Gamma function analysis
appears to circumvent these arguments in that all the
data points of the curve, regardless of shape, are fit by
least square assuming a multiple hit model (3). For
example, a one-hit curve, a gamma function of order 1
is exponentialâ€”reflecting a substantial insult to the
platelet followed by its rapid removal from the circula
tion. The longer a platelet survives and circulates the
greater the number of episodes or hits to which it is
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exposedâ€”such survival is characterized by a more un
ear curve. A straight line platelet survival curve would
represent a gamma function curve of infinite order.

Lotter et ai. (4) evaluated 12 mathematic methods
used to calculate mean platelet survival time. They
concluded that the most reliable estimate of platelet
survival can be obtained by fitting the data to either the
modified weighted mean (when limited computing fa
diities were available) or the multiple hit model. Fur
thermore, they suggest advantages of fitting the data to
at least two mathematic models.

The present studies were undertaken to modify and
expedite the cumbersome current method of analyzing
platelet survival. The data reported herein strongly sug
gest the effectiveness of employing the ratio of 2 hr to
48 hr platelet radioactivity as a shortcut for estimating
platelet survival based on a conventional 9-day data
analysis with computer curve fitting.

MATERIALS AND METhODS

Autologous platelet survival studies were performed in our
laboratory using [â€˜â€˜â€˜Injoxine-labeledplatelets. In view of the
complexities of fitting platelet survival data to various corn
puter models, we chose to analyze the data on a per day basis
versus the fit by computer program (5). The data presented

indicate that one may predict, with reasonable certainty, plate
let life span from radioactivity remaining in the circulation 48
hr after injection oflabeled platelets.

The data from 27 consecutive patients were used. Platelets
were labeled according to the method of Kionizakis et al. (6).
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Platelet survival studies were performed in 27 consecutive subjects, and mean platelet life
span was derived by computerized calculations of radioactivityin blood samples obtained
dailyfor 9â€”11 days. These computer derived estimates were then correlated with the raw
whole blood radioactivitydata obtained for the first 3 days of each study. Data from the 48-hr
point correlates with the computer estimates so that platelet survivaldata can now be
reported in 2 days with 93% precision of the long method and without visual curve fitting.
Thus, one may take a â€œquicklookâ€•at the probable platelet lifespan, under steady state
conditions, in order to evaluate therapy while avoiding problems of patient compliance.
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FIGURE1
Forty-eight-hour regression with line of best fit (â€”)and
the 95% confidence limits (â€”â€”â€”â€”).X = platelet survival in
da@ â€”Radioactivityin peripheral blood at 48 hr <@

ys, y â€”Radioactivityin peripheral blood at 2 hr
Radioactivity = CPM/mI.

fit in all but two subjects. These were two normals in
whom the linear model provided the best fit since both
had greater then 50 hits. In four patients the exponential
model provided nearly as good fit as the multiple hit
model; included herein were three patients with arterial
grafts and one patient with ITP.

Table 3 depicts the statistical evaluation of the cor
relations between percent of injected dose remaining in
the circulation 24, 48, and 72 hr after injection of
labeled platelets and computer derived estimates of
platelet lifespan according to each model-following
multiple regression analysis. It is readily apparent that
the multiple hit model provided the best survival esti
mates with 24-, 48-, and 72-hr data points as indicated
by the lowest residual sum of squares, the highest F
values and the highest r values. Moreover, the 48-hr
data point provides the best correlation of the group
showing the lowest residual sum of squares, the highest
F value, and the highest correlation coefficient. When
the other models were used, in all instances the F values
and r values were all lower.

@onrs

UnearExponentialMultiple HitWeightedMeanNormal

(7)â€¢10.1 Â±O.7@4.3 Â±1.29.8 Â±1.09.8 Â±0.7Splenomegaly(5)10.2Â±1.85.8Â±1.14.8Â±1.66.9Â±0.9Vascularprosthesis(11)12.0Â±1.25.1

Â±1.06.2Â±1.57.0Â±1.5ITP
(4)8.3 Â±1.24.7 Â±1.94.3 Â±1.55.7 Â±2.4.

No.subjects.t

mean Â± s.d.

Thirty milliliters blood sample collected in acid citrate dcx
trose (ACD) was subjected to differential centrifugation to
obtain platelet rich plasma. The platelet-rich plasma was then
centrifuged on a cushion of autologous red blood cells. The
platelet red cell mixture was re-centrifuged at 100g in dextrose
saline to obtain a reasonably pure platelet suspension. Cyto
spin preparations from the platelet suspension revealed
<0.01% white cell contamination. Indium-l 11oxine, 350 MCi.
was added to label the platelets. The unbound indium was
removed by centrifugation through autologous citrated plasma
containing 0.2 volume of autologous red cells. The platelets
were re-suspended in autologous citrated plasma and re-in
jected intravenously. Blood samples were collected at 15 mm,
1 hr, 2 hr, 3 hr, and daily thereafter for 9 days.

Radioactivity was measured in a well counter using aliquots
of whole blood and plasma. The data was fit by a computer
program supplied by Dr. Edmond Murphy (7). Linear, expo
nential, and multiple hit models were used for formal curve
fitting and the residual sum of squares was used as a measure
of precision of the fit. A mean and weighted mean were also
provided by the program. Four groups of subjects were stud
ied; normal controls, patients with congestivesplenomegaly,
patients with arterial shunts, and patients with partially corn
pensated idiopathic thrornbocytopenia purpura (ITP). Raw
data, that is radioactivity remaining in the circulation at 24,
48, and 72 hr after injection of â€˜â€˜â€˜In-labeledplatelets were
divided by the 2-hr value then multiplied by 100. These terms,
called percent of injected dose, were subjected to multiple
regression analysis against computer derived estimates of
platelet lifespan according to the various computer models
(Table 3 and Fig. 1).

RESULTS

Platelet survival data with mean and standard devia
tion for the four groups studied are presented in Table
1. Based upon the multiple hit model, platelet survival
in normal subjects averaged 9.8 days with 70% of the
labeled platelets returning to the circulation 2 hr after
initial splenic sequestration. In patients with congestive
splenomegaly, the 2-hr circulating recovery of labeled
platelets was only 15% of injected dose.

Individual platelet survival values, according to com
puter model, are presented in Table 2. Based upon the
multiple hit model, platelet survival ranged from 11.2
to 2.3 days. The multiple hit model provided the best
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TABLE I
Group Platelet Survival(Days)
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TABLE
IndMdual Platelet Survival (Da2ys) by CornputerModelMultipleWaightedhit

ExponentialLinearmean11.2

5.711.310.610.8
5.410.910.79.8
7.713.69.89.7
4.010.29.89.5
2.59.6'9.59.1
3.59.79.28.6
3.89.99.07.2
6.913.18.06.9
7.112.37.76.7

4.61 1.06.26.5
6.(12.57.76.3
6.514.17.86.0

7.01 1.98.45.9
6.811.88.15.8
5.610.76.95.6

5.41 1.05.85.5
5.31 1.65.55.1

5.011.35.14.8
4.811.15.64.6

6.41 1.78.24.5
4.18.85.74.4
5.28.56.04.3
5.49.46.84.3
5.29.96.43.8
5.37.96.33.1
4.69.26.02.3

2.43.82.5.

Best fit if other than mumple hit.

ResidualModel@;SqFrPLinear2(17685.80.530.054830517.90.490.017217677.70.600.05Exponential2424080.30.13N.S.4839560.40.13N.S.7220155.00.510.05Multiple

hit2481230.30.820.000148516169.30.930.00017253857.30.900.0001Waighted

mean24129313.40.690.0001â€”0.0148161937.10.770.0001â€”010172144312.60.690.001â€”0.01.

Hours after injection of â€˜11lnplatelets.

Frr2PV

vs.X169.90.930.870.0001V2
vs. X214.80.950.900.0001

TABLE3
Statistical Interpretation

the Day 2 point alone. The most practical use of the
48-hr point is to obtain a â€œquicklookâ€•at the probable
platelet life-span. If the life-span is very short then the
survival curve may be completed within the first or
second day thereby negating the need for this type of
analysis. If the survival curve is erratic then all data
points are needed to fit a curve. Although erratic sur
vival curves have been mentioned in the literature, we
have not encountered this phenomena in our studies.
This may reflect the steady-state condition of our se
lected subjects. Clearly, platelet kinetics should not be
attempted during the nonsteady-state. Mustard, Mw
phy, and colleagues have stressed these facts when
discussing platelet survival prediction using two few
points or using visual methods of curve fitting (7). In
the clinical setting, where platelet lifespan may alter
patient therapy or wherepatient complianceis in ques
tion, the value ofthe 48-hr point for predicting platelet
survival becomes most apparent. It may also allow early
testing of drug efficacy where prolongation of platelet
survival is desired.

TABLE 4
Predictive Value of 48-hr Platelet SurvivalData

Figure 1 graphically displays this 48-hr regression
showing both the line of best fit as well as its 95%
confidence limits. Usefulness of prediction is deter
mined by r2which at the 48-hr data point show a value
of 0.87 for the multiple hit model. Table 4 further
refines the data using a Y2 transformation which slightly
improvesthe prediction to a value of 0.90, however,p
values remain unchanged from the Y versus X data.

DISCUSSION

Mean platelet life span, derived by computer, show
correlation against raw whole blood radioactivity data
obtained over the first 3 days. The data clearly show an
excellent correlation when using the 48-hr circulating
radioactivity value, (percent of injected dose), as a
predictor of a computer derived estimate of platelet life
span. We realize that there can be considerable error in
the use ofa single-point projection for a platelet survival
curve that is neither linear nor exponential. Obviously
it is safer to use all data points to estimate the final
outcome of the platelet survival. We have tested the
data using a combination of Day 1 and Day 2 point
and find no better correlation or prediction than using
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