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CONTROLLING DONOR BLOOD CHARACTERISTICS
Background of the Invention

The present invention generally relates to blood
collection procedures and blood component separation
methods. More particularly, it relates to new and improved
methods of collecting blood into anticoagulant formulations
designed to promote increased platelet Yield and improved
overall ©platelet morphology in platelet collection
procedures.

Today there exists a number of automated donor
hemopheresis systems for separation of blood, including
whole blood into components or fractions. The systems are
designed to collect one Or more components, such as plasma,
white cells, platelets and red cells, for further use or
for disposal; to return certain components to the donor,
who may be a patient; and/or to treat a component, for

subsequent return to a donor. One such system is the
Autopheresis-c® systems sold by Baxter Healthcare
Corporation of Deerfield, Illinois, a wholly-owned

subsidiary of the assignee of the present invention. That
system utilizes a microprocessor-controlled instrument
including automated pProcessing programs, in conjunction
with a disposable set.

The Autopheresis-C® device may, when disposable
Plasmapheresis set is installed therein, be used to collect
plasma from whole blood drawn from a donor. A rotating
membrane in a separation chamber of the disposable may in
fact be wetted by an anticoagulant pPriming operation before
blood is withdrawn from the donor, as shown in U.S. Patent
Application Serial No. 07/106,089, filed October 7, 1987,
entitled "Method for Wetting a Plasmapheresis Filter with
Anticoagulant" and the corresponding PCT International
Application Publication No. W089,/03229.
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For the collection of platelets and plasma, the
Autopheresis-C® system uses a single, two-stage set as
disclosed in U.S. Patent No. 4,851,126, entitled "Apparatus
and Methods for Generating Platelet Concentrate". A set
may include a rotating membrane separation chamber as set
forth in U.S. Patent Application Serial No. 73,378, and in
corresponding canadian Patent No. 1,261,765, as well as a
centrifuge separator as set forth in U.S. Patent Nos.
4,776,974 and 4,911,833, entitled "Closed Hemopheresis
System and Method" and in International PCT Publication No.
W088/05332 entitled "Continuous Centrifugation System and
Method for Directly Deriving Intermediate Density Material
From a Suspension". If an anticoagulant source is pre-
attached to the set, a biologically closed system, as
medically defined, can be created.

A two-stage system enables the collection of
blood from a donor for separation into platelet-rich plasma
and packed red cells. The red cell suspension is returned
to the donor by means of the same needle used to withdraw
the whole blood. The platelet-rich plasma is collected in
a container. The machine and set are disconnected from the
donor. The collected platelet-rich plasma is then
separated into plasma and platelet concentrate, utilizing
a second stage of the biologically closed set.

Another automated closed system for separating
blood fractions is the CS-3000® cell separator sold by
Baxter Healthcare Corporation.

During withdrawal of blood and its subsequent
treatment/separation, anticoagulant must be added in order
to prevent clotting of the blood within the disposable
tubing and separating set during the separation or
collection of the blood. The conventional method of
administering anticoagulant during automated apheresis
procedures is to add anticoagulant during the step of
withdrawal of the whole blood from the donor’s vein.
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Anticoagulant from an anticoagulant container is
administered through tubing to a location just downstream
from the phlebotomy needle at a tubing junction, where the
anticoagulant tubing line merges with the nonanticoagulated
whole blood tubing line adjacent the phlebotomy needle in
the donor.

There are at least four separate reasons for the
addition of anticoagulant to the donor’s blood during
extracorporeal blood procedures. The first reason is to
prevent the blood from clotting as it travels through the
various tubes to the blood separator of the disposable set.
The second reason is to pPrevent the blood from clotting as
it is being separated. All separators require some
exposure of blood to fluid shear stresses and these shear
stresses can induce coagulation or agglomeration. The
third reason is to prevent the separated cells from
coagulation as they are being pumped through reinfusion
filters and back to the donor. The fourth reason is to
provide enough nutrients and sufficient pH buffering to
permit storage of the Separated blood component for a
required duration of time.

The demand for anticoagulant in each of the four
general steps identified above depends on the particular
automated apheresis procedure. Some systems may induce
significantly more shear stress during blood separation
than other systems and, therefore, the upper limit demand
for anticoagulant would be set by the separation step.
Also, the separation technology used may have different
stages wherein each separation stage may have its own,
different demand level for the amount of anticoagulant in
the blood. :

Generally, the prior art has dealt with the issue
of anticoagulant demand in automated procedures by adding
to the whole blood, almost immediately upon its withdrawal
from the donor, enough anticoagulant to meet the highest
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anticoagulant demand level during the entire withdrawal,
separation, return and storage procedure. The
anticoagulant is added adjacent the phlebotomy needle. The
anticoagulant mixes with the whole blood upon being
withdrawn from the donor. The prior art systems had been
directed to adding as much anticoagulant as is necessary to
prevent clotting with attention being paid to an upper
1imit dosage of anticoagulant, beyond which a so-called
wcitrate reaction" may occur in the donor upon return of an
anticoagulated blood component to the donor.

Human blood collected by these apheresis
procedures is anticoagulated in general practice by
metering in a gquantity of calcium ion chelating agent such
as the sodium salts of citric acid. The ratio of human
blood to citrate can be adjusted and controlled by various
means and in general the ratio of blood to the citrate
anticoagulant is made as large as possible to prevent the
donor from experiencing any signs of paresthesia.

Reducing the quantity of anticoagulant
administered to the patient on collection of whole blood is
desirable for the patient donor but undesirable in terms of
the ultimate storage stability and quantity of special
blood components collected. More particularly to date,
there is still a need to improve the total number of
platelet cells recovered from these apheresis procedures
and to improve the cell morphology on storage to provide
better blood component products.

In the past, when using citrate-containing
anticoagulants such as ACD-A and CPD-type anticoagulants,
it has generally been believed that the ratio of whole
blood to anticoagulant should be maintained in the range of
25:1 to 6:1, and the final blood pH should be maintained at
about 6.8 to about 7.2. Despite these earlier efforts, it
is still desired to improve upon the quantity and quality
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of platelet concentrates by improving platelet collection
conditions and procedures.
summary of the Inventjon

Unexpectedly in view of the foregoing, it has now
been discovered that Platelet cells collected at low pH are
morphologically better maintained than those collected at
higher more Physiological pH. 1In addition, better yields
can be achieved if whole blood is collected into a lower
PH. The unexpectedly good morphology results are contrary
to previous 1literature on platelet cell storage which
indicates that as the pH of the platelets falls during
storage, the morphologies and other cell indexes of
viability tend to decline.

In accordance with the pPresent invention, a new
Citrate-based primary anticoagulant Preparation for donor
whole blood is provided for addition to a human blood
sample being collected for Separation into human blood
pPlatelet products. The Primary anticoagulant preparation
comprises a calcium ion chelating agent-type of
anticoagulant including citric acid and trisodium citrate
wherein the ratio of citric acid to total citrate present
is greater than about 30% by equivalent weight. The
primary anticoagulant is added to whole blood so that upon
collection a resulting collected blood/anticoagulant
mixture is provided which contains a citric acid
concentration of greater than about 5.0 mM, preferably at
least about 7.0 mM or more, a total citrate concentration
of less than about 20 mM, preferably from about 7.0 mM to
about 18 mM, and an initial pH of less than about 6.75.
When citrate-based anticoagulant agents are formulated in
accordance with these guidelines and platelet-rich plasma
and platelet concentrates are derived therefrom, it has
been discovered that an improvement in terms of total cell
counts per milliliter, that is cell yields, and cell
morphology and cell quality are significantly improved.
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In accordance with this invention, a new and
improved method of providing human blood platelet products
exhibiting improved platelet storage properties comprises
the steps of collecting whole blood and mixing it with a
primary anticoagulant formulation so as to form an
anticoagulated blood mixture. The anticoagulant
preparation includes citric acid and trisodium citrate
wherein the ratio of citric acid to total citrate is
greater than about 30%. The anticoagulated blood mixture
in accordance with the method of the invention has a citric
acid concentration of greater than about 5.0 mM, a total
citrate concentration of less than about 20 mM and an
initial pH of less than about 6.75. Thereafter, the
anticoagulated blood mixture is separated into a human
blood platelet preparation selected from the group
consisting of platelet-rich plasma and platelet
concentrates.

In accordance with this invention, Dbetter
quality, better yield blood component products may be
produced in a given collection procedure without
undesirably increasing the amount of anticoagulant. This
in turn reduces the risk of adverse reaction to
anticoagulants for the patient donor.

Other advantages of the present invention will
become apparent from the following Detailed Description,
Drawings and working Examples.

Brief Description of the Drawings

Fig. 1 is a graphical plot showing the blood
citric acid concentration in millimoles as a function of
total blood citrate concentration in millimoles resulting
from the use of anticoagulant formulations comprising
varying ratios of citric acid to trisodium citrate;

Fig. 2 is a graphical plot showing the blood pH
achieved as a function of total blood citrate concentration
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shown for various ratios of blood to anticoagulant created
upon collection;

Fig. 3 is a contour Plot graphically illustrating
the effect of the ratio of blood citric acid concentration
to blood total citrate concentration on the relative cell
counts of platelets collected in a platelet-rich plasma
product;

Fig. 4 is a contour plot graphically illustrating
the effect of the ratio of blood citric acid concentration
to blood total citrate concentration on the relative cell
counts achieved in a platelet concentrate product:

Fig. 5 is a contour Plot graphically illustrating
the effect of the ratio of blood citric acid concentration
to blood total citrate concentration on the morphology of
Platelet cells collected in a platelet-rich plasma
fraction;

Fig. 6 is a contour plot graphically illustrating
the effect of whole blood PH as a function of total blood
citrate on relative cell counts collected in a platelet-
rich plasma product;

Fig. 7 is a contour plot graphically illustrating
the effect of whole blood PH as a function of total citrate
concentration on the relative cell counts in a platelet
concentrate product; and

Fig. 8 is a contour plot graphically illustrating
the effect of whole blood PH as a function of total citrate
concentration on cell morphology collected in a platelet
product.
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Detailed Description of the Presently Preferred Embodiments

In accordance with the present invention,
improved human blood platelet products may be prepared from
whole blood in a collection procedure wherein whole blood
is mixed with an anticoagulant formulation carefully
designed to provide a relatively low amount of total
citrate concentration, a relatively low blood pH level, and
which is also added at a low anticoagulant to blood ratio,
to provide improved platelet-rich plasma and platelet
concentrate blood products obtained in better yield and
having better overall cell morphologies on storage.

In accordance with this invention, major
indicators as to the success of an apheresis procedure such
as total cell counts and morphology are improved by
carefully selecting the total citrate concentration, the
acid concentration present, the blood pH and the ratio of
blood to anticoagulant.

In accordance with the present invention,
improved anticoagulant formulations are provided including
citric acid and sodium citrate wherein the ratio of citric
acid to the total citrate present is greater than about 30%
up to and including 100%. When calculated on the basis of
blood dilution, citric acid concentrations of about 7.0 mM
and higher provided good results.

In accordance with this invention, improved
platelet products are produced using the anticoagulant
formulations of this invention, when the anticoagulants are
mixed with collected blood so that the mixture contains a
citric acid concentration of greater than about 5.0 mM, a
total citrate concentration of less than about 20 mM, and
an initial pH of less than about 6.75. Typically
sufficient anticoagulant in solution is mixed with blood
being collected to chelate calcium ions in the blood and
prevent activation of the clotting mechanism.
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In accordance with the present invention, the
level of anticoagulant to blood ratio may be from about 1:6
to about 1:14 with good results being obtained without the
need to increase the anticoagulant ratio.

The present invention is based on the unexpected
discovery that collecting platelets at lower pH using
higher citric acid ratios and lower ratios of total citrate
provides platelet concentrates having increased cell
numbers and improved cell morphology.

Other advantages provided by the pPresent
invention will be apparent from the following Examples.

S _1-19

. In the following examples, blood was collected
into various formulations of anticoagulating agent. The
anticoagulated whole blood mixtures were processed first to
form a platelet-rich plasma pProduct (PRP) and then a final
platelet concentrate (PC) was prepared using conventional
centrifugal techniques and equipment. Each of these
platelet-rich products PRP and PCs were then examined to
determine the optimum formulation for the anticoagulant in
terms of cell counts per milliliter (yields) and cell
morphology (quality). In addition, the adequacy of the
anticoagulation was assessed by determination of plasma
fibrino peptide-a (FPA) which is an early marker of
Ccoagulation activation. Moreover, a number of other
chemical/physical indexes were measured to assist in the
overall evaluation of the product characteristics.

In the following experiments, data were collected
to evaluate the effect on platelet yield and cell
morphology provided by deliberately changing the citric
acid/trisodium citrate ratios of a citrate buffer solution
used to anticoagulate whole human blood. Citrate buffer
solutions are anticoagulants whose base neutralizing
strength is directly proportional to the amount of citric
"acid" these solutions contain. Whole human blood is the
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"base" neutralized by the acidic citrate solution, thus the
resultant blood pH falls in proportion to the amount of
citric "acid" added. Total "citrate" (citric acid +
trisodium citrate) is important for anticoagulant

5 properties, but only the acid portion lowers blood pH.
The formulations tested and the results obtained

are shown generally in Table 1 as follows:
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As shown in Table 1, the experimental solutions
contain a widely varied amount of "acid" concentrations of
from about 0.67 mM to 43.46 mM combined with various
concentrations of trisodium citrate from about 26.8 mM to
109.3 mM, providing total citrate concentrations of from
about 27.5 mM to 110.0 mM. A total of 19 sample runs were
made using the 14 distinct anticoagulant compositions of
citric acids/trisodium citrate ratios with five ¢trial
replicates. Table 1 also contains information on the
amount of sodium chloride (NaCl) added to each solution to
insure isotonicity, as well as calculated resultant blood
concentration of the citrate species using the tested ratio
of blood/experimental solution of 6/1. Because of the
neutralizing aspect of the addition, no actual citric acid
exists in the final collected blood. However, the pH of
the collected blood is reduced from a normal level of about
7.4 to the lower level shown in Table 1 under the heading
actual WB pH. The right-hand portion of Table 1 provides
data on each sample including specific values of resultant
experimental solution osmolarity (OSM) and pH and then
gives the resultant whole blood pH, pCO,, pO,, hematocrit
(HCT) .

In addition, isolated platelet characteristics
including morphology (Morpscor 0-400) and platelet cell
counts in the platelet-rich plasma (PRP) and platelet
concentrate (PC) are also reported in Table 1. A
"relative" cell count in both PRP and PC was calculated by
dividing each specific result by the maximum results,
giving the proportion for each result when compared to the
maximum or best result. This was done because the total
amount of whole blood used in each sample was only a
fraction of a total normal blood unit and thus could not be
pProcessed in a standard fashion, so the proportion process
standardizes the data.
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Fig. 1 provides a graphic display of the data
presented in Table 1 showing the blood citric acid
concentration on the y-axis and the blood total citrate
concentration on the x-axis. Superimposed on this graph
are calculated concentrations of the above x and y values
for standard ACD (open circles) and CPD (asterisks)
standard anticoagulants at blood/anticoagulant ratios of
approximately 7/1 to 14/1. This was done to illustrate how
the new and improved anticoagulants of the present
invention, at the 6/1 ratio used, compare to various
standard ratios currently used in the apheresis field for
ACD anticoagulants. CPD values are also shown for compara-
tive purposes and provide a good illustration of anticoagu-
lants containing less citric acid as compared to ACD. As
is shown in Table 1 and Fig. 1, the new and improved
anticoagulant composition of this invention encompass and
extend potential usable anticoagulant products over
standard ACD types.

Fig. 2 provides a graphical illustration of the
pH of the resultant anticoagulated whole blood on the y-
axis with the total blood citrate concentration shown on
the x-axis. Again, the straight lines describing the
result obtained with ACD and CPD standard anticoagulants
are shown for comparison purposes. As shown in Fig. 2,
blood pH of the experimental systems varied over a wide
range of from about 6.0 to about 7.25, encompassing the
standard anticoagulants under normal use.

An important and substantive point revealed by
these data is that standard ACD anticoagulants employed
under apheresis conditions are pushed to a ratio of 14:1
whole blood:anticoagulant levels to prevent donor
paresthesia. In accordance with the present invention, the
new and improved anticoagulant composition when used at a
6:1 whole blood:anticoagulant ratio and when citrate
concentration was reduced provided equivalent and less
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citrate than standard anticoagulants delivered at much
lower ratios, even at a 14:1 whole blood:ACD ratio.

The surprising results of these experiments are
further illustrated in the contour plot shown in Figs. 6-8.
The surfaces described in these plots were obtained by a
multivariate regression analysis using an ECHIP computer
program on the data of Table 1. Fig. 6 shows the relative
count of platelet cells obtained in the PRP. Fig. 7 shows
the relative count of platelet cells in the PC. Fig. 8
shows the morphology of the collected platelet cells
employing the Morpscor of 0 to 400, wherein 400 equals
perfect discoid cells. The higher score, the better the
result in each of these indices. The surface graphs are
displayed using alpha characters, A~D, which describe the
numerical trend going from low (A) to high (D).

Figs. 6-7 describe "best yield" conditions.
These occur when citrate levels are high and pH is 1low.
This result was expected and it is likely due to a pH-
associated deactivation of deleterious platelet activity.
The unexpected result of improved morphology at low PH is
illustrated by the contour plot shown in Fig. 8. As shown
therein, good morphological characteristics were obtained
at low pH over most of the evaluated citrate concentration
range of from about 5.0 mM to 20 mM of citrate, with
preferred C’s occurring from about 7.0 mM to 18 mM citrate.

As indicated in Table 1, major indices such as
cell count and morphology appear to change as a function of
the specific anticoagulant formulation. A statistical
analysis (multivariate regression of the data on blood
citric acid concentration and total blood citrate
concentration) was performed and the graphical
representation of the resulting regression analysis for
cell counts in PRP or PC and cell morphology are depicted
in Figs. 3, 4 and 5, respectively.
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The individual effect of total citrate
concentration and acid concentration were statistically
significant on cell counts in both the PRP (citrate, p is
less than 0.05; acid, p is less than 0.001) and PC
(citrate, p is less than 0.001; acid, p is less than 0.05)
and on cell morphology (citrate, p is less than 0.01; acid,
p is less than 0.001).

As the contour plots shown in Figs. 3, 4 and 5
indicate, cell counts are higher in both PRP or PC and
morphologies of the PC cells are better as the citrate
concentration increases or the acid component increases.
Since the final blood pH is inversely correlated with the
citric acid component of the anticoagulant (R? = 0.995, p is
less than 0.0001), when cell counts (PRP or PC) and
morphology are regressed on blood pH in total citrate, the
contour plots depicted by Figs. 6, 7 and 8 result.
Statistical significance remains the same as above.

A graphical example of the observed blood pH at
various ratios of blood to ACD-A is shown in the attached
Fig. 2. Also shown are comparable changes using "CPD"
anticoagulant. Experimental anticoagulants (Exp.-Anti)
formulated in accordance with this invention with a
variation to add fourteen different citric acid/trisodium
citrate combination levels were evaluated and these are
illustrated in Fig. 1. The appropriate combination for
both ACD-A or CPD-type anticoagulants is also shown in the
same figure.

Fig. 2 shows the resultant blood pH achieved when
the specific combination of each of the above experimental
anticoagulants is added to blood at a blood to experimental
anticoagulant ratio of approximately 6:1. As indicated by
Fig. 2, precise blood pH can be achieved at various total
citrate concentrations by simply increasing the amount of
citric acid (and reducing trisodium citric as shown in Fig.
1) .
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The unexpected conclusion from this study is that
platelet cells collected at low pH are morphologically
better maintained than those collected at higher, more
physiological pH. 1In addition, better yields (higher cell
counts) can be achieved at lower PH. The above was also
true of total citrate concentration and this result was
expected.

The unexpectedly good morphology results are
contrary to the literature on platelet cell storage. That
literature indicates that as the pH falls during storage,
the morphologies and other cell indexes of viability tend
to decline. This study contradicts that finding in that
the lower the pH on collection, the better the overall
morphology of the platelets.

These data support the general use of a new
anticoagulant compositions based on reduced citrate
concentrations containing relatively high concentrations of
the "acid" component. Specifically, Examples 11-14
produced results leading to high morphology scores coupled
with good yields. These Examples included a range of total
blood citrate of 7 mM to 18 mM and each used citric acid
concentrations of 7 mM when calculated on the basis of
blood dilution. At the lowest citrate concentration of 7
mM this is equivalent to standard ACD delivered at high
(greater than 14/1) blood/anticoagulant ratios.
Accordingly, improved anticoagulant formulations are
provided herein as compared to standard ACD and CPD types.

In accordance with this invention, any and all
means available to those skilled in the art of formulating
specific anticoagulant formulations may be used to enhance
the combined effects of total citrate concentration and
citric acid concentration to maintain a low blood PH while
reducing (or raising) the total citrate concentration.
Various mechanical means known to those skilled in the art
may be used to Separately meter in the appropriate



WO 96/18292 PCT/US95/10705

- 20 -

quantities of the acid or salt of the citrate to formulate
a final mixed anticoagulated blood product having the
appropriate pH and ratios of anticoagulant to provide the
improved platelet storage described herein.

5 Although the present invention has been described
with reference to certain preferred embodiments,
modifications or changes may be made therein by those
skilled in this art without departing from the scope or
spirit of the invention, as defined in the appended claims.
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WE_CLAIM:

1. A primary anticoagulant Preparation for
addition to a human blood sample unit intended for
separation into a human blood platelet Preparation

comprising: a calcium  ion  chelating agent-type
anticoagulant including citric acid and sodium citrate
wherein the ratio of citric acid to total citrate is
greater than about 30% by equivalent weight, said primary
anticoagulant being added to a blood donation unit such
that upon collection of the unit of blood, a resulting
collected blood/anticoagulant mixture contains a citric
acid concentration of greater than about 5.0 mM, a total
citrate concentration of less than about 20 mM, and an
initial pH of less than about 6.75.

2. A primary anticoagulant Preparation as in
Claim 1 wherein the calcium ion chelating agent-type
anticoagulant is ACD-A.

3. A primary anticoagulant Preparation as in
Claim 1 wherein the calcium ion chelating agent-type
anticoagulant is CPD.

4. A primary anticoagulant Preparation as in
Claim 1 wherein the calcium ion chelating agent-type
anticoagulant includes citric acid and trisodium citrate.

5. A primary anticoagulant preparation as in
Claim 1 wherein the total citrate concentration is between
about 5.0 mM to about 20 mM of citrate.

6. A primary anticoagulant pPreparation as in
Claim 1 wherein the total citrate concentration is between
from about 7.0 mM to about 18 mM citrate.

7. A primary anticoagulant pPreparation as in
Claim 1 wherein the citric acid concentration is greater
than or equal to about 7.0 mM.
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8. A primary anticoagulant preparation as in
Cclaim 1 wherein the jevel of anticoagulant to whole blood
in the resulting mixture is from about 1:6 to about 1:14 by
volume.

9. An intermediate blood product useful for
making improved platelet preparations on further
processing, the intermediate blood product comprising:

an admixture of freshly collected human blood and
an anticoagulant composition including citric acid and
sodium-citrate, the admixture having a citric acid
concentration of greater than about 5.0 mM, a total citrate
concentration of less than about 20.0 mM and an pH of less
than about 6.75.

10. A method of collecting human blood for
preparing improved platelet preparations therefrom
comprising the steps of:

introducing an anticoagulant preparation to a
human blood sample being collected in a collection set
adjacent a phlebotomy needle, the anticoagulant preparation
being a solution including citric acid and sodium citrate
wherein the ratio of citric acid to total citrate is
greater than about 30% Dby equivalent weight, the
anticoagulant being introduced at rate sufficient to
provide a resulting collected blood anticoagulant mixture
containing a citric acid concentration of greater than
about 50 mM, a total citrate concentration of less than
about 20.0 mM and an initial pH of less than about 6.75.

11. A method as in Claim 10 wherein the
anticoagulant is introduced at a rate sufficient to provide
a resulting collected blood/anticoagulant mixture having a
citric acid concentration of greater than about 5.0 mM, a
total citrate concentration of less than about 20.0 mM and
an initial pH of less than about 6.75.
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12. A method as in claim 10 wherein the
anticoagulant is introduced at a rate sufficient to provide
a resulting collected blood/anticoagulant concentration of
greater than or equal to about 7.0 mM and a total citrate
concentration of about 7.0 mM to about 18.0 mM.’

13. A method as defined in Claim 10 wherein the
anticoagulant is introduced at a rate of whole
blood:anticoagulant preparation of from about 6:1 to about
14:1.

l4. A method as in Claim 10 wherein the
anticoagulant preparation is introduced through a tubing
junction provided in the collection set.

15. A method as in Claim 10 wherein the
anticoagulant preparation is introduced by flowing it into
collection tubing provided in the collection set.

16. A method as in claim 10 wherein the
anticoagulant preparation is introduced by pumping it into
collection tubing provided in the collection set.

17. A method as in Claim 10 further comprising
the step of: subjecting the resulting collected
blood/anticoagulant mixture to blood separation procedures
to provide a platelet product selected from the group
consisting of platelet-rich Plasma products and platelet-
concentrate products.

18. A method as in Claim 10 further comprising
the step of subjecting the resulting collected
blood/anticoagulant mixture to automated blood separation
procedures to provide a pPlatelet concentrate product.

19. A method as in Claim 10 further comprising
the step of subjecting the resulting collected
blood/anticoagulant mixture to centrifugation separation
processing to provide a Platelet product selected from
platelet-rich plasma and platelet-concentrate products.
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20. A method of human blood platelet preparation
to improve platelet storage comprising:
collecting whole blood into a primary anticoagu-
lant formulation to form an anticoagulated blood mixture,
the anticoagulant preparation including citric acid and
trisodium citrate and the ratio of citric acid to total
citrate being greater than about 30%, the anticoagulated
plood mixture having a citric acid concentration of greater
than about 5.0 mM, ‘a total citrate concentration of less
than about 20 mM, and an initial pH of less than about
6.75.
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3. Claims Nos.:
D heuusetheym@endanchixmmdmnotdnﬂedinwooldmoewithdwsecondmdmixdsmwnmofkulc&«a).

Box 11 Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Please See Extra Sheet.

[y

@ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2, D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

E No protest accompanied the payment of additional search fees.
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING
This ISA found multiple inventions as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional
examination fecs must be paid.

Group 1, claims 1-8 and 10-20, drawn to a first anticoagulant composition and a method of using the composition.
Group II, claim 9, drawn to a second composition comprising an anticoagulant composition and blood.

The inventions listed as Groups | and 11 do not relate to a single inventive concept under PCT Rule 13.1 because,
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The
claims of these two groups arc drawn to distinct inventions which are not linked so as to form a singlc inventive
concept because only onc product is permitted in a category. PCT Rules 13.1 and Rule 13.2 do not permit multiple
products within the definition of a single inventive concept. Accordingly, the claims are not so linked by a special
technical feature with the meaning of PCT Rule 13.2 s0 as to form a single inventive concept.
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