
US011213488B2 

( 12 ) United States Patent ( 10 ) Patent No .: US 11,213,488 B2 
( 45 ) Date of Patent : * Jan . 4 , 2022 Fischer et al . 

( 54 ) SPRAY - DRIED BLOOD PRODUCTS AND 
METHODS OF MAKING SAME 

( 71 ) Applicant : Entegrion , Inc. , Durham , NC ( US ) 

( 72 ) Inventors : Thomas H. Fischer , Durham , NC 
( US ) ; Joseph A. DaCorta , Durham , NC 
( US ) ; Michael Lawrence Galiger , 
Durham , NC ( US ) 

3,449,124 A 
3,507,278 A 
3,644,128 A 
3,654,705 A 
4,187,617 A 
4,251,510 A 
4,347,259 A 
4,358,901 A 
4,378,346 A 
4,787,154 A 
5,096,537 A 
5,145,706 A 
5,181,415 A 
5,252,221 A 
5,372,811 A 
5,522,156 A 
5,562,919 A 
5,575,999 A 
5,581,903 A 
5,647,142 A 
5,727,333 A 
5,838,515 A 
5,924,216 A 

( 73 ) Assignee : Entegrion , Inc. , Durham , NC ( US ) 

6/1969 Lipner 
4/1970 Werding 
2/1972 Lipner 
4/1972 Smith et al . 
2/1980 Becker et al . 
2/1981 Tankersley 
8/1982 Suzuki et al . 
11/1982 Takabatake et al . 
3/1983 Tankersley 
11/1988 Titus 
3/1992 Bergquist et al . 
9/1992 Hagi et al . 
1/1993 Esvan et al . 

10/1993 van Dommelen et al . 
12/1994 Yoder 
6/1996 Ware 
10/1996 Doty et al . 
11/1996 Yoder 
12/1996 Botich 
7/1997 Andersen et al . 
3/1998 Folan 
11/1998 Mortazavi et al . 
7/1999 Takahashi 

( Continued ) 

( * ) Notice : Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U.S.C. 154 ( b ) by 141 days . 
This patent is subject to a terminal dis 
claimer . 

( 21 ) Appl . No .: 15 / 872,727 

( 22 ) Filed : Jan. 16 , 2018 
FOREIGN PATENT DOCUMENTS 

( 65 ) Prior Publication Data 
US 2018/0153811 A1 Jun . 7 , 2018 CA 

CA 
1182411 2/1985 
2065582 10/1992 

( Continued ) 

( 63 ) OTHER PUBLICATIONS 

Related U.S. Application Data 
Continuation of application No. 13 / 262,931 , filed as 
application No. PCT / US2010 / 030031 on Apr. 6 , 
2014 , now Pat . No. 9,867,782 . 
Provisional application No. 61 / 212,321 , filed on Apr. 
9 , 2009 . 

( 60 ) 

Polo , J. et al . , Efficacy of spray - drying to reduce infectivity of 
pseudorabie and porcine reproductive and respiratory syndrome 
( PRRS ) viruses and seroconversion in pgs fed diets containing 
spray - dried animal plasma , Journal of Animal Science , Aug. 2005 , 
vol . 83 , No. 8 , pp . 1933-1938 . 
Hawksworth , J.S. et al . , Evaluation of lyophilized platelets as an 
infusible hemostatic agent in experimental non - compressible hem 
orrhage in swine , Journal of Thrombosis and Haemostasis , Oct. 
2009 , vol . 7 , No. 10 , pp . 1663-1671 . 

( Continued ) 

Primary Examiner — Teresa E Knight 
( 74 ) Attorney , Agent , or Firm — E. Eric Mills ; Nexsen 
Pruet , PLLC 

( 51 ) Int . Ci . 
A61K 9/16 ( 2006.01 ) 
A61K 9/00 ( 2006.01 ) 
A61K 35/16 ( 2015.01 ) 
A61K 35/19 ( 2015.01 ) 
A61L 26/00 ( 2006.01 ) 
A61F 13/00 ( 2006.01 ) 
A61L 15/40 ( 2006.01 ) 

( 52 ) U.S. CI . 
CPC A61K 9/1688 ( 2013.01 ) ; A61F 13/00063 

( 2013.01 ) ; A61K 9/0026 ( 2013.01 ) ; A61K 
35/16 ( 2013.01 ) ; A61K 35/19 ( 2013.01 ) ; A6IL 

15/40 ( 2013.01 ) ; A6IL 26/0047 ( 2013.01 ) ; 
A61L 26/0057 ( 2013.01 ) ; A61L 26/0076 

( 2013.01 ) ; A61F 2013/00306 ( 2013.01 ) ; A61F 
2013/00472 ( 2013.01 ) ; A61F 2013/00927 

( 2013.01 ) 
( 58 ) Field of Classification Search 

CPC A61K 35/19 ; A61K 35/16 ; A61K 9/1688 ; 
A61F 13/0063 ; A61F 2013/0306 ; A61F 

2013/0472 ; A61F 2013/0927 
See application file for complete search history . 

( 57 ) ABSTRACT 

The present invention is directed to a method of preparing 
dehydrated blood products , comprising the steps of : ( a ) 
providing a hydrated blood product ; ( b ) spray - drying the 
hydrated blood product to produce a dehydrated blood 
product , as well as dehydrated blood products made by the 
method . The present invention is directed to a method of 
treating a patient suffering from a blood - related disorder , 
comprising the steps of : ( a ) rehydrating a therapeutic 
amount of the dehydrated blood products to produce a 
rehydrated therapeutic composition ; and ( b ) administering 
the rehydrated therapeutic composition to the patient . The 
present invention is directed to a bandage or surgical aid 
comprising the dehydrated blood products described above . 
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SPRAY - DRIED BLOOD PRODUCTS AND found to result in a final product pH of 7.4-7.6 for a more 
METHODS OF MAKING SAME favorable preservation of thrombin generation20 . 

Dried U.S. Army - Navy plasma was placed in widespread 
CROSS REFERENCE TO RELATED civilian use after 1945 , and used in the initial phases of the 

APPLICATIONS 5 Korean War . However , despite nascent development of 
ultraviolet irradiation microbial decontamination methods21 , 

This application is a continuation of 35 U.S.C. § 371 U.S. the production of dried plasma was suspended in 1953 , the 
National Phase application Ser . No. 13 / 262,931 filed Oct. stated reason being hepatitis contamination . However , civil 
13 , 2011 , which claims the benefit of International Appli- ian use of plasma , mostly as fresh frozen plasma , has greatly 
cation No. PCT / US2010 / 030031 having an international expanded , with over 13 million units being collected in 
filing date of Apr. 6 , 2010 , which claims the benefit of U.S. 200522. In current medical practice plasma is used for a 
Provisional Patent Application No. 61 / 212,321 filed Apr. 9 , variety of indications , one of the most important being as a 
2009 , each of which is incorporated herein by reference in component of resuscitation mixtures in trauma with massive 
its entirety . blood loss . Plasma contains components , such as the coagu 

lation factors and fibrinogen , which are frequently dimin 
BACKGROUND OF THE INVENTION ished in hemorrhagic shock - related coagulopathies ( e.g. , see 

Hardy et al.23 ) . 
Field of the Invention Several medical findings point towards the utility of a 

20 hyper - concentrated plasma product . The desirability of low 
The present invention is directed to methods of preparing volume resuscitation , as facilitated by products such as 

dried blood products using spray - drying as an alternative to hyper - concentrated plasma , is becoming increasingly 
conventional lyophilization ( freeze - drying ) , and products accepted since the initial observations of adverse outcomes 
made by the method . Using the method of the invention , related to standard resuscitation.24-26 Incidences of transfu 
increased recovery rates of dried product are possible . The 25 sion associated cardiac overload and fluid overload - associ 
final product displays at least three - fold concentration over ated acute respiratory distress syndrome might be avoided 
native plasma , as well as increased reconstitution rates when with low volume resuscitation.27 , 28 Administration of 
mixed with liquids . reduced volumes can also be desirable if ongoing hemor 

rhage is exacerbating dilutional coagulopathies ( e.g. see Brief Description of the Related Art Stern for a review29 ) . The development of advanced resus 
citation products , such as hemoglobin - based oxygen carriers Spray - drying is a technology in which a solution is 

atomized in a stream of flowing gas for rapid solvent ( HBOCs ) , 30 facilitate the ability to achieve adequate tissue 
vaporization ( e.g. , dehydration ) . The result is the formation oxygenation without infusion of large volumes of fluids . 
on a sub - second timescale of microparticles composed of the 35 However , the introduction of HBOCs is anticipated to create 
residual solute . Spray - drying has been used as a industrial a need for low volume products to supplement hemostatic 
process in the material , food and pharmaceutical “ , 7 indus- systems , such as concentrated plasma . 
tries for decades . ( e.g. , see Bergsoe for an earlier review ) . Dried blood products are known in the art , and the 
More recently , spray - drying has facilitated the preparation predominant technique for achieving the dried product is 
of protein therapeutics as microparticles for inhalation , the 40 lyophilization ( freeze - drying ) . For example , U.S. Pat . Nos . 
formulation of advanced carrier - therapeutic microstructures , 4,287,087 and 4,145,185 to Brinkhous et al . disclose dried 
10-12 and new classes of micromaterials . The role of blood platelets that have been fixed with a crosslinking 
kinetic , phase transition , mass transfer , heat transfer , and reagent such as formaldehyde . U.S. Pat . Nos . 5,656,498 , 
other physical processes in determining ultimate particle 5,651,966 ; 5,891,393 ; 5,902,608 ; and 5,993,804 disclose 
size and composition are well - understood ( e.g. , see Veh- 45 additional dried blood products . Such products are useful for 
ring for a recent review ) , and research in spray - drying is an therapeutic purposes because they are stable , have long shelf 
extremely active area in materials science research . An life , and can be used potentially in powder form to arrest 
important finding from this body of research is that in bleeding in patients undergoing severe trauma . However , 
aqueous systems the heat of vaporization reduces the tem- such products must be manufactured under strict sterile 
perature of the particles during the volatilization process . 50 conditions in order to avoid contamination . 
Thus , thermal denaturation of proteins can be minimized for With current transfusion practices , plasma is frequently 
preservation of protein activities . provided as a thawed single donor “ fresh frozen ” product . 

During World War II , the benefits of whole blood trans- However , since refrigeration is difficult to provide in for 
fusion were appreciated , but logistical difficulties related to ward military applications , underdeveloped countries , and in 
collection , transport , outdating and typing mismatch for 55 wilderness medicine situations , this form factor can be 
transfusion reactions limited widespread utilization " 7 . Dried logistically problematic . Thus , the elimination of freezing 
plasma was thus developed as a surrogate for whole blood 18 . ( lyophilization ) via a dried plasma product would be a 
American , British and Canadian military transfusion ser- significant advantage . In addition , the dried plasma product 
vices extensively utilized dried plasma ' during World War II is significantly easier to pathogen reduce than is fresh frozen 
with a very favorable safety profile . The methods for pre- 60 plasma . The present invention is believed to be an answer to 
paring U.S. Army - Navy dried plasma were originally scaled that need . 
to commercial volumes by Sharp and Dohme , Inc. ( and later 
by a larger industrial consortium ) with lyophilization tech SUMMARY OF THE INVENTION 
nologies analogous to today's freeze - drying protocols 
The dried U.S. Army - Navy plasma was anticoagulated with 65 In one embodiment , the present invention is directed to a 
0.67 % ( w / v ) sodium citrate , and after 1942 was rehydrated method of preparing dehydrated blood products , comprising 
with 0.1 % ( w / v ) citric acid . Rehydration with citric acid was the steps of : ( a ) providing a hydrated blood product ; ( b ) 
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spray - drying the hydrated blood product to produce a dehy- drated blood products made by the method . Useful hydrated 
drated blood product , as well as dehydrated blood products blood products that may be dehydrated by the method of the 
made by the method . invention include , but are not limited to , whole blood , blood 

In another embodiment , the present invention is directed plasma , blood platelets , red blood cells , blood serum , 
to a method of treating a patient suffering from a blood- 5 plasma , and combinations of these . One particularly useful 
related disorder , comprising the steps of : ( a ) rehydrating a blood product that is suitable for the method of the present 
therapeutic amount of the dehydrated blood products to invention is blood platelets that have been fixed with a produce a rehydrated therapeutic composition ; and ( b ) fixative agent , such as formaldehyde or paraformaldehyde . administering the rehydrated therapeutic composition to the Additionally , the blood products may be modified with patient . In another embodiment , the present invention is directed 10 additional diagnostic or therapeutic agents , such as imaging 
to a bandage or surgical aid comprising the dehydrated blood agents , concentration factors , performance enhancement 

drugs , antimicrobial and antiviral reagents , universal donor products described above . 
In yet another embodiment , the present invention is solutions , and the like , as well as combinations of these . One 

directed to a method of preparing dehydrated fixed blood example of a useful modified product is STASIX ( deriva 
platelets , comprising the steps of : ( a ) providing hydrated 15 tized dried blood platelets ) available from Entegrion , Inc. 
fixed blood platelets ; and ( b ) spray - drying the hydrated fixed ( Research Triangle Park , NC ) . 
blood platelets to produce a dehydrated fixed blood platelets , The technique of spray - drying is used in the method of the 
as well as dehydrated fixed blood platelets made by the invention as an alternative to conventional drying techniques 
method . known in the art , such as lyophilization ( freeze drying ) . 

In yet another embodiment , the present invention is 20 Spray drying is a method of transforming material in a fluid 
directed to a method of treating a patient suffering from a state into a dried particulate form by spraying a feed of a 
blood - related disorder , comprising the steps of : ( a ) rehydrat- material into a warm drying medium . Spray drying involves 
ing a therapeutic amount of the dehydrated fixed blood evaporation of moisture from an atomized feed by mixing platelets to produce a rehydrated therapeutic composition ; the spray and the drying medium in a controlled fashion . The 
and ( b ) administering the rehydrated therapeutic composi- 25 drying medium is typically air , although other gases such as 
tion to the patient . nitrogen may also be used . The drying proceeds until the In yet another embodiment , the present invention is desired moisture content is reached in the sprayed particles directed to a bandage or surgical aid comprising the dehy and the product is then separated from the drying medium . drated fixed blood platelets described above . The complete process of spray drying basically consists of In yet another embodiment , the present invention is 
directed to spray dried fixed blood platelets having spheri 30 a sequence of four processes . The dispersion can be 
cal - dimpled geometry , wherein when said spray dried fixed achieved with a pressure nozzle , a two fluid nozzle , a rotary 
blood platelets are rehydrated to form a rehydrated fixed disk atomizer or an ultrasonic nozzle . Selection upon the 
blood platelet composition , the composition has a turbidity atomizer type depends upon the nature and amount of feed 
( A500 ) value less than that of a comparable rehydrated and the desired characteristics of the dried product . The 
lyophilized composition of fixed blood platelets . 35 higher the energy for the dispersion , the smaller are the 

These and other embodiments will become evident on generated droplets . The manner in which spray contacts the 
reading the following detailed description of the invention . drying air is an important factor in spray dryer design , as this 

has great bearing on dried product properties by influencing 
BRIEF DESCRIPTION OF THE DRAWINGS droplet behavior during drying . In one embodiment , the 

40 material is sprayed in the same direction as the flow of hot 
FIG . 1 is an electron micrograph of microspheres of air through the apparatus . The droplets come into contact 

spray - dried plasma produced according to the present inven- with the hot drying gas when they are the most moist . In 
tion ; another embodiment , the material is sprayed in the opposite 
FIG . 2 is a graph showing coagulation factor levels in direction of the flow of hot gas . The hot gas flows upwards 

various samples ; 45 and the product falls through increasingly hot air into the 
FIG . 3 depicts graphs showing native coagulation path- collection tray . The residual moisture is eliminated , and the 

way turnover with spray dried plasma produced according to product becomes very hot . This method is suitable only for 
the method of the invention ; thermally stabile products . In yet another embodiment , the 
FIG . 4 is an electron micrograph showing fibrin ultra- advantages of both spraying methods are combined . The 

structure from spray dried plasma produced according to the 50 product is sprayed upwards and only remains in the hot zone 
method of the invention ; for a short time to eliminate the residual moisture . Gravity 
FIG . 5 is a graph depicting the turbidity and rehydration then pulls the product into the cooler zone . This embodiment 

rate of spray - dried vs. lyophilized plasma at several con- is particularly advantageous because the product is only in 
centrations ; the hot zone for a short time , and is less likely to be affected 
FIG . 6 is an electron micrograph of rehydrated spray- 55 by heat . 

dried derivatized blood platelets ; In the spray drying method , air is mostly used as drying 
FIG . 7 is another electron micrograph of rehydrated medium , but other gases such as nitrogen may also be used . 

spray - dried derivatized blood platelets ; and The gas stream is heated electrically or in a burner and after 
FIG . 8 are electron micrographs illustrating ristocetin the process exhausted to atmosphere . If the heating medium 

agglutination of spray - dried rehydrated platelets made 60 is recycled and reused , typically an inert gas such as 
according to the method of the invention . nitrogen , is used instead of air . Use of nitrogen is advanta 

geous when flammable solvents , toxic products or oxygen 
DETAILED DESCRIPTION OF THE sensitive products are processed . 

INVENTION During the spray drying process , as soon as droplets of the 
65 spray come into contact with the drying gas , evaporation 

As indicated above , the present invention is directed to takes place from the saturated vapor film which is quickly 
methods of preparing dehydrated blood products , and dehy- established at the droplet surface . Due to the high specific 

a 
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surface area and the existing temperature and moisture Plasma dehydration . Porcine and human plasma can be 
gradients , heat and mass transfer results in efficient drying . spray - dried in a Buchi B - 270 research spray - dryer at a flow 
The evaporation leads to a cooling of the droplet and thus to rate of 415 liters N2 per hour at 140 ° C. , 130 ° C. , 120 ° C. , 
a small thermal load . Drying chamber design and air flow 110 ° C. , and lower if dehydration can be obtained . Runs are 
rate provide a droplet residence time in the chamber , so that 5 preferably performed three times at each temperature and 
the desired droplet moisture removal is completed and with each type ( i.e. , porcine and human ) plasma . The final 
product removed from the dryer before product temperatures product can be analyzed for moisture content and micropar 
can rise to the outlet drying air temperature . Hence , there is ticles imaged with scanning electron microscopy . Portions 
little likelihood of heat damage to the product . of pig and human plasma may also be lyophilized at -20 ° C. 
Two systems are used to separate the product from the 10 for three days from a 4 mm layer to obtain a “ lyophilization 

drying medium . First , primary separation of the drying control ” cake . As shown in the accompanying Figures , 
product takes place at the base of the drying chamber , and spray - dried material is observed to be a fine powder , and 
second , total recovery of the dried product in the separation appear as microspheres under the microscope , while lyo 
equipment . In one embodiment , a cyclone is used to collect philized material forms a cake . 
the material . Based on inertial forces , the particles are 15 Plasma rehydration . Spray - dried and lyophilization con 
separated to the cyclone wall as a down - going strain and trol lots ( each in triplicate ) are rehydrated with the appro 
removed . Other systems such as electrostatic precipitators , priate volume of sterile water with glycine for 1x , 2x , 3x , 4x 
textile ( bag ) filters or wet collectors like scrubbers , may also and possibly higher hyper - concentration of the plasma . 
be used to collect the dried product . Rehydration can be with glycine solutions at pH = 2.4 for a 
As used in the present invention , spray drying offers 20 product with a final rehydrated pH = 7.4 as follows : 1x420 

advantages over other drying methods such as lyophilization mM glycine , 2x — 40 mM glycine , 3x — 60 mM glycine , 
( freeze drying ) . Use of spray drying produces a product that 4x — 80 mM glycine , etc. 
is more consistent , less clumpy , and better dispersed than Physical and chemical analysis . The following analysis 
freeze drying methods . The highly dispersed particles pro may be performed with each triplicate sample of starting 
duced by spray drying also allow for a rapid rehydration 25 plasma ( pre - spray dry ) , each lot spray - dried material and the 
rate , which is likely a result of a larger available surface area . lyophilized control plasma . Comparisons can be made with 
By contrast , the clumped nature of a freeze dried product , the Wilcoxon Signed Rank Test , and directionality will be 
results in substantially longer rehydration times for the assessed using the Sign test . 
blood products that are dried in the method of the invention . Turbidity and rate of solubilization Optical measure 
Since many transfusions and other uses of blood products 30 ment of the light absorption at 700 nm can assess turbidity 
can be highly time - sensitive , this higher rate of rehydration as a function of time after initiation of the rehydration 
can be a significant advantage in battlefield or emergency reaction . 
treatment situations . As explained in more detail below , Viscosity can be estimated with a falling ball viscometer . 
spray dried fixed blood platelets of the invention can be Coagulation factor levels ( including FII , FV , FVII , FVIII , 
rehydrated to form a rehydrated fixed blood platelet com- 35 FIX , FX , FXII , FXII , FXIII , protein S , protein C , von 
position , and the composition has a turbidity ( A500 ) value Willebrand factor ) are measured with ELISA analysis . 
less than that of a comparable rehydrated lyophilized com- Coagulation pathway turnover - Prothrombin times and 
position of fixed blood platelets . activated partial thromboplastin times are measured with 

The spray - dried products of the method of the invention concentrated plasmas after dilution of the hyper - concen 
may be used as topical treatments in treating wounds . In one 40 trated solutions to 1x . Final clots are examined with scan 
embodiment , the products may be used directly on a wound ning electron microscopy to assess fiber thickness and 
to assist clotting , or may be applied to a bandage or surgical density . 
aid or covering to assist in wound healing . In an alternative A concentrated solution preferably will have the appro 
embodiment , the rehydrated forms of the spray - dried prod- priate rheology for standard transfusion practice in which 
ucts of the method of the invention may be administered via 45 coagulation factor levels and activities are within normal 
intravenous injection as therapeutic treatments to patients intra- and inter - individual ranges of variation . This solution 
afflicted with blood - related disorders such as thrombocy can be utilized for the “ most concentrated ” infusions in 
topenia ( including washout thrombocytopenia ) , hemor- porcine studies described below . 
rhagic platelet dysfunction , and trauma victims experiencing Safety evaluation of concentrated plasma products in 
severe bleeding . 50 pigs . The goal of these studies is to identify a maximum 

tolerated dose for hyper - concentrated plasma preparations in 
EXAMPLES injured pigs . Animals are subjected to hepatic injuries for 

blood loss and induction of compensated hemorrhagic 
General Design and Methods shock . Animals are then be infused with hyper - concentrated 

Spray - dried Plasma Concentration . Human pooled sol- 55 plasma porcine preparations until an adverse hemodynamic 
vent - detergent treated plasma ( Kedrion S.p.A. , Barga , Italy ) response is noted . At the termination of the experiment 
and porcine plasma from a pool of ten animals ( donated by animals is sacrificed and subjected to post - mortem analysis 
the Francis Owen Blood Research Laboratory , University of for histological evidence of prothrombotic complications . 
North Carolina at Chapel Hill ) can be spray - dried over a The endpoint of this analysis will be the definition of the 
range of instrumental run parameters or freeze - dried with a 60 relationship between maximum tolerated dose and degree of 
standard lyophilization cycle to obtain different sized dehy- plasma concentration . 
drated microparticles . The products are then rehydrated with Induction of Shock in Pigs and Infusion of hyper - con 
different volumes of sterile water that contain a low con- centrated plasma . 40 to 50 kg pigs ( obtained from the 
centration of glycine at pH = 2.4 to compensate for the loss of Division of Laboratory Animal Medicine ( UNC ) breeding 
protons during the dehydration process and compared to 65 colony ) are anesthetized . 
establish the upper limit for concentration . Details of the Analysis of hemodynamic and vasoactive processes . Sev 
experiments follow : eral sensors are placed to follow hemodynamic and vaso 
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active processes : a pulmonary artery thermo dilution cath- were found to be essentially the same as in the original 
eter is inserted via the external jugular vein into a pulmonary plasma before spray drying as shown in FIG . 2. Spray 
artery ; micromanometer - tipped catheters are positioned via drying also had an insignificant effect on the kinetics of 
the left femoral vessels into the right atrium and thoracic plasma coagulation ( FIG . 3 ) . There was a statistical trend 
aorta ; a 0.22 gauge catheter is inserted into the left femoral 5 ( that was not significant in this analysis ) towards enhanced 
artery and connected to a withdrawal pump . Patterns of coagulation protein molecular turnover after spray - drying , 
blood flow are measured by placing Doppler flow probes on an effect that might be related to differences in the associa 
the cephalic and mesenteric arteries ; this procedure can be tion states of proteins in plasma samples . The fibrin strands 
supported by carotid artery cut down and laparotomy . after spray - dried plasma fibrinogen polymerization had nor 

Induction of shock and infusion of hyper - concentrated 10 mal morphology ( FIG . 4 ) . 
plasma . Hemorrhagic shock can be induced by withdrawing In contrast to the methods of the present invention , 
40 % of total blood volume over a one - hour period . After freezing and lyophilized plasma results in a product that 
withdrawal of blood and verification of hemorrhagic shock contains microscopic and macroscopic domains of varying 
( mean arterial blood pressure < 40 mm Hg , shift in cephalic , composition due to phase separation . The result is that 
splanchnic blood flow pattern ) , the animals are infused with 15 rehydration at super - physiological concentrations is time 
multiple doses of 1x spray - dried plasma or hyper - concen- consuming and results in a turbid suspension . This point is 
trated spray - dried plasma at an intermediate and high level demonstrated by the data presented in FIG . 5 which shows 
of concentration ( to be determined as described above ) . A500 ( turbidity ) for several concentrations of rehydrated 
Each infusion is preferably a volume equivalent to 110th of plasma . The solvent - detergent treated plasma product was 
the animal's blood volume , and is preferably performed over 20 subjected to spray - drying or lyophilization , then rehydrated 
a three minute period with a Harvard syringe pump . Hemo for native ( 1x ) , 2x , 3x or 4x final concentration . Rehydra 
dynamic and other physiological parameters can be mea tion times , based on the time for macroscopic dissolution to 
sured , and infusions can be stopped when two successive occur , was dramatically faster with the spray - dried material 
boluses result in worsening hemodynamic stability . Animals due to the massive surface area of the microparticle formu 
are then be sacrificed for autopsy and histological analysis . 25 lation , and results in a significantly less turbid suspension as 
The number of animals and the infused products used in this shown by lower Asoo values in FIG . 5 . 
Example are shown in Table 1 . In addition to the plasma described above , other blood 

products may be dried and rehydrated in accordance with the 
TABLE 1 description above . Virtually any treated or untreated blood 

30 product may be used in the method of the invention . 
Infused Product Number of Animals Examples of blood products include whole blood , blood 

plasma , blood platelets , red blood cells , blood serum , as well 
Intermediate Concentration ( e.g. , 2x ) as combinations of these . The blood products may be used 
High Concentration ( e.g. , 4x ) in the method of the invention in their naturally occurring 

35 state , or may be modified in any way . Examples of modi 
fications of these blood products include fixation with a 
fixing agent such as formaldehyde or paraformaldehyde as 

Microvasculopathologies and hemolytic disorders . After described in U.S. Pat . Nos . 5,651,966 ; 5,891,393 ; 5,902 , 
sacrifice , selected renal , hepatic , pulmonary , splenic , lung 608 ; and 5,993,804 ; addition of imaging agents , concentra 
and other tissue are prepared for light microscopic analysis . 40 tion factors , performance enhancement drugs , antimicrobial 
The histological analysis focuses on identifying signs of and antiviral reagents and universal donor solutions . One 
macroscopic or disseminated intravascular coagulation or example of a useful modified product is STASIX ( deriva 
premature induction of selected organ failure . tized dried blood platelets ) available from Entegrion , Inc. 

Data analysis . Comparisons between plasma groups are ( Research Triangle Park , NC ) . The following is a general 
made with the Wilcoxon Signed Rank Test , and direction- 45 protocol for rehydration of spray - dried STASIX particles . 
ality assessed using the Sign test . 

Example 2 : Rehydration of Spray Dried 
Example 1 : Spray - Drying of Plasma and Derivatized Blood Platelets 

Preservation of Coagulation Protein Activities 
The goal of this example is to rehydrate spray - dried 

The following series of experiments demonstrate that derivatized blood platelets ( sold under the tradename STA 
plasma can be spray - dried to obtain dehydrated micropar- SIX and available from Entegrion , Inc. , NC ) so that the 
ticles , and then rehydrated to the original volume for plasma concentration of all components ( platelet particles , buffer 
with native coagulation factor levels and coagulation param- salts , bulking agents ( e.g. , human serum albumin ) ) are the 
eters . Solvent - detergent pooled plasma was subjected to 55 same as the suspension that went into the spray - drier . This 
standard spray - drying ( 415 liters N2 per hour at 120 ° C. in was achieved in three stages . 
Butchi , Inc. B - 270 ) to obtain the product depicted in FIG . 1 . First , a “ reference A280 value ” for the bulking medium 
The spherical - dimpled geometry of the resulting micropar- used for the pre - spray - dried suspension is obtained . This is 
ticles is similar to the shapes obtained when other proteins an A280 nm value for the pre - spray - dry after the platelets are 
are spray - dried , indicating that a protein surface shell forms 60 spun out , reflecting the supernatant protein concentration , 
as a result of the initial kinetics of water removal and which is largely human serum albumin bulking agent . Sec 
concentration ( e.g. , see Vehring16 ) . However , this geometry ond , a trial rehydration with the post - spray - dried powder is 
is distinctive over lyophilized plasma which displays a performed at 10 % ( w / v ) , then the optical density at 280 nm 
jagged surface texture . ( A280 ) of the bulking agent ( human serum albumin ) is 

Upon rehydration with 20 mM glycine , pH = 2.4 to com- 65 measured . Third , the pre - spray - dried supernatant A280 and 
pensate for proton loss during the drying process for the 10 % supernatant A280 values are compared ( ratioed ) to 
original protein concentration , the coagulation factor levels determine how far off the 10 % rehydration approximation 

1x Plasma 3 
3 
3 

Total Animals 9 

50 
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was . This ratio is then used to calculate the exact weight monkeys as a single dose . A recovery subgroup of the 
percentage of dried powder that is needed to match the animals was observed for 7 days . 
bulking agent protein concentration of the pre - spray dried Five groups of monkeys were used Group 1 — vehicle 
suspension ( buffer ) control ; Group 2—1x therapeutic STASIX dose ; 
The platelet count of the post - rehydration particles are 5 Group 3—5x therapeutic STASIX dose ; Group 4-10x thera 

then measured two ways . First with a Hiska cell counter and peutic STASIX dose ; and Group 5 — human serum albumin 
second by measuring the optical turbidity . These values , and ( 500 mg / kg ) . Dosages were respectively 0.0 , 2.1x10 ° , 1.05x 
related rehydration volumes , form the starting point for all 1010 , 2.1x1010 , and 0.0 platelets / kg in group 1 , 2 , 3 , 4 , and 
the particle characterization assays . 5. A 1x dose is the estimated therapeutic STASIX dose in a 

Procedure 10 human patient , i.e. , an additional 30,000 platelet particles 
1. Measure the optical density of the pre - spray dry to per microliter of blood . 

No adverse effects either symptomatic or micro - patho obtain the reference A280 value . logic were seen in any of the monkeys used in this experi a ) Thaw the liquid pre - spray dry sample and spin out the 
particles by centrifuging on a desktop microfuge at a 15 tolerated a 10x therapeutic dose of STASIX infused over the ment . Since 2 male monkeys and 2 female monkeys all 
setting of five for two minutes . Retain the supernatant . very brief time period of only 5 minutes , the no observable b ) Dilute the supernatant 1/10 into citrated saline in adverse effect level ( NOAEL ) is at least 10x the therapeutic triplicate and measure A280 values with the nanodrop dose . In a human clinical setting , STASIX doses would be spectrometer . infused at a much slower time rate of 20 minutes . 

2. Measure protein optical density of 10 % ( w / v ) suspen- 20 Necropsy of the 14 study monkeys comprising the 5 
sion dosing groups was conducted at either Day 2 or Day 8 

a ) Weigh out several ( approximately 4 ) 20-50 mg particle following infusion , and showed no evidence of the devel 
portions in microfuge tubes . Record the mass . Rehy- opment of microthrombi in either the heart or lungs . In 
drate one tube with distilled water for a 10 % ( w / v ) summary , in a detailed animal study conducted by a major 
suspension . Save the remaining tubes for future analy- 25 outside research laboratory under all appropriate animal use 
sis . and handling regulations , STASIX was shown to display no 

b ) Spin out particles as above and retain supernatant . harmful effects at either a macroscopic or microscopic level 
c ) Dilute each rehydrated sample supernatant 1/10 into at doses up to 10 times the intended human therapeutic dose . 

citrated saline in triplicate and measure the A280 values . 
3. Calculate the rehydration weight percentage to match Example 4 : Spray - Drying of Aldehyde Stabilized 

the pre - spray dried value as follows . Platelets 
a ) Divide the A2go values from the diluted pre - spray dry 

supernatant by the dilution factor ( 1/10 ) and average The utility of spray - drying as an alternative to lyophiliza 
the three values to obtain a theoretical reference A280 tion for the dehydration of aldehyde - stabilized platelets is 

35 examined in this example . Human apheresis platelets were 
b ) Divide the A280 values form the 10 % rehydration stabilized using the procedure of Read et al . described in 

supernatant by the dilution factor ( 1/10 ) and average U.S. Pat . No. 5,651,966 , which is herein incorporated by 
the three values to obtain a theoretical undiluted A280 reference in its entirety . 
value , referred to as A280 , 10 % Spray - drying ( 415 liters N2 per hour at 120 ° C. ) of the 

c ) Ratio A280 , value according to 40 final aldehyde - stabilized platelet suspension at 2.0 million 
Equation 1 to obtain the proper rehydration mass ( w / v ) platelets / microliter in 5 % ( w / v ) human serum albumin as 
of post spray - dry powder so that the rehydrated sample described above resulted in a fine powder that , upon exami 
will have the same A280 value as the reference A280 nation , consisted of spherical particles with 3 to 30 micron 
value . diameters similar to those shown in FIGS . 6 and 7 . 

Seventeen independent dried platelet preparations were 
Weight percentage ( w / v ) * = 10 % ( w / v ) x4280 , ref prepared with spray - drying and then rehydrated for the 

A280,10 % ( Equation 1 ) original pre - dehydration volumes . The yield ( post - rehydra 
* weight percentage can be in units of mg / ml , e.g. , 8.9 % tion / pre - spray drying ) of countable platelets was 96.8 % + / 

( w / v ) is equivalent to 89 mg / ml . 7.0 % ( standard deviation ) for these seventeen runs . 
Measurement of STASIX Particle Counts FIG . 8 depicts spray - dried platelets after rehydration , 
a ) Dilute the 10 % rehydration suspension ( don't perform exchange into normal human plasma ( as a von Willebrand 

the cell spin out ) 1/10 with citrated saline in triplicate . factor source ) and addition of ristocetin to 1 mg / ml ( Panel B ) 
b ) Measure the turbidity at A500 of each sample . or a corresponding volume of control buffer ( Panel A ) . Large 
c ) Measure the direct cell count with the Hiska hemato- aggregates were noted with ristocetin addition , indicating 

logical analyzer . 55 that spray - drying preserved glycoprotein 1B von Wille 
d ) Calculate and factor in yield loss . brand factor receptor functions . 
Electron micrographs of rehydrated spray - dried deriva- Cynomolgus monkeys ( 1 or 2 / sex / group ) received a 

tized blood platelets ( rehydrated STASIX ) are shown in FIG . single 5 - minute intravenous infusion of the spray - dried 
6 and FIG . 7 . platelets at doses of 2.1x10 ° , 1.05x1010 , or 2.1x10lo plate 

60 lets / kg . Control animals ( 2 / sex ) received vehicle ( 5.375 mM 
Example 3 : Single Dose Range - Finding Intravenous sodium citrate and 2 mM cysteine in physiological saline ) 

Toxicity Study in Cynomolgus Monkeys and an additional group received 500 mg / kg human serum 
albumin ( HSA ) . The dose volume was 2 mL / kg / min for all 

A study was designed to assess the toxicity of spray - dried groups . Animals were observed for 1 or 7 days post - dose . 
derivatized dried blood platelets ( spray - dried Stasix as 65 One day after dose administration , 1 animal / sex / group was 
described above , then rehydrated ) when administered via euthanized and necropsied . One animal per sex from the 
intravenous infusion ( over approximately 5 minutes ) to control and high - dose ( 2.1x1010 platelets / kg ) groups were 

value or A280 , ref 

to the A280 , ref 10 % 

a 

45 

50 
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held for 7 days prior to necropsy . Parameters evaluated REFERENCES 
during the study were viability , clinical observations , body 
weights , clinical pathology ( pretest , day 2 and day 8 ) , organ 1. Kendrick , B. G. D. B. Blood Program in World War II . 
weights , macroscopic observations and microscopic pathol- U.S. Government Printing Office Library of Cong . Cat . 
ogy . No. 64-60006 , http://amedd.mil/booksdoc/wwii/blood/ 

Administration of all doses of spray - dried platelets ( up to default.htm ( 1964 ) . 
2.1x1010 platelets / kg ) was well tolerated . Hematology 2. Ketchum , L. , Hess , J. R. & Hiippala , S. Indications for 
changes were limited to a decrease in the number of platelets early fresh frozen plasma , cryoprecipitate , and platelet 
and an increase in mean platelet volume in one of the two transfusion in trauma . The Journal of trauma 60 , S51-58 
high - dose ( 2.1x1010 platelets / kg ) animals ( the female ) on ( 2006 ) . 
the day following dose administration . There were no 3. Erber , W. N. & Perry , D. J. Plasma and plasma products 
observed changes in coagulation or clinical pathology in the treatment of massive haemorrhage . Best Pract Res 
parameters . Increases in spleen weight , relative to control Clin Haematol 19 , 97-112 ( 2006 ) . 
values , were seen in all test article- and HSA - treated ani- 4. Smith , M. W. Spray - drying synthetic detergents . Manu 
mals . Microscopic observations showed slight to moderate facturing chemist and aerosol news 22 , 186-187 ( 1951 ) . 
increases in the size of germinal centers in the spleen in mid- 5. Heldman , D. R. , Hall , C. W. & Hedrick , T. I. Air filtration 
and high - dose ( 1.05x1010 or 2.1x101 ° platelets / kg ) females for the spray drying of dairy products . Journal of dairy 
and the HSA - treated female on day 2 and the high - dose science 51 , 466-470 ( 1968 ) . 
female ( only group necropsied ) on day 8 that correlated with 20 6. Raff , A. M. , Robinson , M. J. & Svedres , E. V. Spray 
macroscopic observations of tan discoloration and surface drying of tablet granulations . I. A preliminary report . 
abnormalities of the spleen in some animals . Germinal Journal of pharmaceutical sciences 50 , 76-79 ( 1961 ) . 
center enlar ment in females was considered a possible 7. Riegelman , S. , Swintosky , J. V. , Hiquchi , T. & Busse , L. 
response to HSA . Similar findings were not seen in the W. Studies on pharmaceutical powders and the state of 
vehicle treated control , which had smaller germinal centers . 25 subdivision . IV . The application of spray - drying tech 
However , because active germinal centers are a common niques to pharmaceutical powders . Journal of the Ameri 
finding in monkey spleens , and because the sample size was can Pharmaceutical Association 39 , 444-450 ( 1950 ) . 
small , this finding may be within normal background range . 8. Bergsoe , C. Progress in spray - drying . Manufacturing 
The persistence of splenic germinal center enlargement after chemist and aerosol news 20 , 72-75 ( 1949 ) . 
7 days in one animal suggests lack of recovery , which would 30 9. Maltesen , M. J. , Bjerregaard , S. , Hovgaard , L. , Havelund , S. & van de Weert , M. Quality by design Spray drying be consistent with germinal center reaction to antigenic of insulin intended for inhalation . Eur J Pharm Biopharm stimulation , but this finding may also reflect normal back 70 , 828-838 ( 2008 ) . ground variation . 10. Borghetti , G. S. , Lula , I. S. , Sinisterra , R. D. & Bassani , 

Example 5 : Spray - Drying of Plasma and Testing in V. L. Quercetin / beta - Cyclodextrin Solid Complexes Pre 
pared in Aqueous Solution Followed by Spray - drying or Pigs by Physical Mixture . AAPS PharmSciTech ( 2009 ) . 

11. Mohammed , G. A. , Puri , V. & Bansal , A. K. Coprocess Plasma separated from fresh porcine blood was either ing of nevirapine and stavudine by spray drying . Phar 
stored as fresh frozen plasma ( FFP ) or preserved as freeze maceutical development and technology 13 , 299-310 dried plasma ( FDP ) or spray - dried plasma ( SDP , prepared as ( 2008 ) . 
detailed in previous examples ) . For in - vitro testing : SDP 12. Ochiuz , L. & Peris , J. E. Preparation and characterisation 
was reconstituted in distilled water which was either equal of alendronate - loaded chitosan microparticles obtained 
( 1xSDP ) or one - third ( 3xSDP ) the original volume of FFP . through the spray drying technique . Medicinal chemistry 
Analysis included measurements of prothrombin time ( PT ) , 45 ( Shariqah ( United Arab Emirates ) ) 5 , 191-196 ( 2009 ) . 
partial thromboplastin time ( PTT ) , fibrinogen levels , and 13. Iskandar , F. et al . Production of morphology - controllable 
activity of selected clotting factors . For in - vivo testing swine porous hyaluronic acid particles using a spray - drying 
were subjected to polytrauma ( femur fracture , grade V liver method . Acta biomaterialia ( 2008 ) . 
injury ) and hemorrhagic shock ( 60 % arterial hemorrhage , 14. Sen , D. et al . Evaporation Driven Self - Assembly of a 
with the " lethal triad ” of acidosis , coagulopathy and hypo- 50 Colloidal Dispersion during Spray Drying : Volume Frac 
thermia ) , and treated with FFP , FDP , or 3xSDP ( n = 4-5 / tion Dependent Morphological Transition . Langmuir 
group ) . Coagulation profiles ( PT , PTT , thromboelastogra ( 2009 ) . 
phy ) were measured at baseline ( BL ) , post - shock ( PS ) , post 15. Zhang , X. et al . Preparation of a dispersible PEGylate 
crystalloid ( PC ) , treatment ( MO ) , and during 4 hours of nanostructured lipid carriers ( NLC ) loaded with 10 - hy 
monitoring ( M 1-4 ) . droxycamptothecin by spray - drying . Chemical & phar 

maceutical bulletin 56 , 1645-1650 ( 2008 ) . In - vitro testing revealed that clotting factors were pre 16. Vehring , R. Pharmaceutical particle engineering via served after spray - drying . The coagulation of FFP and 
1xSDP were similar , with 3xSDP showing a prolonged spray drying . Pharmaceutical research 25 , 999-1022 

( 2008 ) . PT / PTT . Polytrauma / hemorrhagic shock produced signifi- 60 17. Churchhill , C. Surgery in World War II . The physiologic , cant coagulopathy , and 3xSDP infusion was as effective as effects of wounds . U.S. Government Printing Office FFP and FDP in reversing it . These results show that plasma ( 1952 ) . 
can be spray - dried , and reconstituted to one - third its original 18. Blalock , A. Report on Committee on Transfusion , 
volume without compromising the coagulation properties National Research Council . ( 1940 ) . 
in - vivo . This shelf - stable , low - volume , hyperoncotic , hyper- 65 19. Harper , S. B. The preparation and experimental use of 
osmotic plasma is a logistically attractive option for the dried blood plasma . Proceedings of Staff Meetings of the 
treatment of trauma - associated and other coagulopathies . Mayo Clinic 15 , 689-694 ( 1940 ) . 
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20. Strumia , D. Minutes , meeting of subcommittee on blood tion method applied to high - purity factor IX and factor XI 
substitutes . Division of Medical Sciences , National concentrates . Vox Sang 67 , 132-138 ( 1994 ) . 
Research Council ( 1942 ) . 40. Horowitz , B. a . C. , S. Removal of antibodies from 

21. Allen , J. , Enerson , D. , Barron , E. and Sykes , C. Pooled blood - derived compositions while retaining coagulation 
plasma with little or no risk of homologous serum Jaun- 5 factors . U.S. Pat . No. 5,541,294 ( 1996 ) . 
dice . J. A. M. A. 152 , 1421-1423 ( 1954 ) . 41. Bakaltcheva , I. , O'Sullivan , A. M. , Hmel , P. & Ogbu , H. 

22. Whitaker , B. a . S. , M. The 2005 Nationwide Blood Freeze - dried whole plasma : evaluating sucrose , trehalose , 
Collection and Utilization Survey Report . AABB and US sorbitol , mannitol and glycine as stabilizers . Thrombosis 
Dept. research 120 , 105-116 ( 2007 ) . HHS http://www.aabb.org./apps/docs/05nb 

10 42. MacLennan , S. & Williamson , L. M. Risks of fresh cursrpt.pdf ( 2005 ) . frozen plasma and platelets . The Journal of trauma 60 , 23. Hardy , J. F. , De Moerloose , P. & Samama , M. Massive S46-50 ( 2006 ) . transfusion and coagulopathy : pathophysiology and 43. Solheim , B. G. Universal pathogen - reduced plasma in implications for clinical management . Can J Anaesth 51 , elective open - heart surgery and liver resection . Clin Med 293-310 ( 2004 ) . Res 4 , 209-217 ( 2006 ) . 24. Baxter , C. R. & Shires , T. Physiological response to 44. Noddeland , H. et al . Universal solvent / detergent - treated crystalloid resuscitation of severe burns . Annals of the fresh frozen plasma ( Uniplas - rationale and clinical prop 
New York Academy of Sciences 150 , 874-894 ( 1968 ) . erties . Thrombosis research 107 Suppl 1 , S33-37 ( 2002 ) . 

25. Shires , T. Initial care of the injured patient . The Journal 45. Medwatch , F. Imporrtant safety information regarding 
of trauma 10 , 940-948 ( 1970 ) . Plas + SD . http://www.fda.gov/medwatch/safety/2002/ 

26. Shires , T. , Coln , D. , Carrico , J. & Lightfoot , S. Fluid plassd_deardoc.pdf ( 2002 ) . 
Therapy in Hemorrhagic Shock . Arch Surg 88 , 688-693 46. Monroe , D. M. , Hoffman , M. , Allen , G. A. & Roberts , H. 
( 1964 ) . R. The factor VII - platelet interplay : effectiveness of 

27. Skeate , R. C. & Eastlund , T. Distinguishing between recombinant factor VIIa in the treatment of bleeding in 
transfusion related acute lung injury and transfusion asso- 25 severe thrombocytopathia . Seminars in thrombosis and 
ciated circulatory overload . Current opinion in hematol- hemostasis 26 , 373-377 ( 2000 ) . 
ogy 14 , 682-687 ( 2007 ) . 47. Monroe , D. M. , Hoffman , M. & Roberts , H. R. Platelets 

28. Triulzi , D. J. Transfusion - related acute lung injury : and thrombin generation . Arterioscler Thromb Vasc Biol 
current concepts for the clinician . Anesthesia and anal- 22 , 1381-1389 ( 2002 ) . 
gesia 108 , 770-776 ( 2009 ) . 30 48. Deveras , R. A. & Kessler , C. M. Reversal of warfarin 

29. Stern , S. A. Low - volume fluid resuscitation for pre- induced excessive anticoagulation with recombinant 
sumed hemorrhagic shock : helpful or harmful ? Current human factor Vila concentrate . Annals of internal medi 
opinion in critical care 7 , 422-430 ( 2001 ) . cine 137 , 884-888 ( 2002 ) . 

30. Reynolds , P. S. , Barbee , R. W. , Skaflen , M. D. & Ward , 49. Freeman , W. D. et al . Recombinant factor VIIa for rapid 
K. R. Low - volume resuscitation cocktail extends survival 35 reversal of warfarin anticoagulation in acute intracranial 
after severe hemorrhagic shock . Shock ( Augusta , Ga . 28 , hemorrhage . Mayo Clin Proc 79 , 1495-1500 ( 2004 ) . 
45-52 ( 2007 ) . 50. Sorensen , B. , Johansen , P. , Nielsen , G. L. , Sorensen , J. 

31. Fischer , T. H. , Merricks , E. , Raymer , R. , Nichols , T. , C. & Ingerslev , J. Reversal of the International Normal 
Hayes , P. , Bode , A. , Pearce , L. and Manning , J. The ized Ratio with recombinant activated factor VII in cen 
co - infusion of rehydrated lyopholized platelets wth 40 tral nervous system bleeding during warfarin thrombo 
HBOC - 201 for hemostasis in dilutional thrombocytope- prophylaxis : clinical and biochemical aspects . Blood 
nia . Blood 98 , 2250 ( 2001 ) . Coagul Fibrinolysis 14 , 469-477 ( 2003 ) . 

32. Manning , J. E. et al . Selective aortic arch perfusion using 51. Talkad , A. , Mathews , M. , Honings , D. , Jahnel , J. & 
serial infusions of perflubron emulsion . Acad Emerg Med Wang , D. Reversal of warfarin - induced anticoagulation 
4 , 883-890 ( 1997 ) . with factor Vila prior to rt - PA in acute stroke . Neurology 
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c . administering said rehydrated therapeutic composition 

to said patient . 
2. The method of claim 1 , wherein said hydrated plasma 

is physically or chemically modified . 
3. The method of claim 2 , wherein said modification is 5 

chemical fixation . 
4. The method of claim 2 , wherein said modification 

comprises additional diagnostic or therapeutic reagents . 
5. The method of claim 4 , wherein said diagnostic or 

therapeutic reagents are selected from the group consisting 10 
of imaging agents , concentration factors , performance 
enhancement drugs , antimicrobial and antiviral reagents , 
universal donor solutions , and combinations thereof . 

6. Spray dried plasma formed by the process of : 
a ) providing hydrated plasma ; and 
b ) spray - drying said hydrated plasma directly by a spray 

dryer , wherein when said spray dried plasma has clot 
ting factor levels of concentration and activity that are 
essentially the same as said hydrated plasma . 
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