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1. INTRODUCTION

1.1 General Back ground

The standard red cell preservatives , citrate-

phosp ha te—dextrose (CPD) and acid-cit rate-dextrose (ACD)

permi t red cells to be stored for up to 21 days. This

period can be prolonged for approximatel y 2 more weeks

by the addition of adenine , bu t adenine has not yet been

l icensed for use within the United States . Moreover,

CPD an d ACD result in rapid loss of the organic phosphate

ester, 2,3— diphosphog lyceric acid (2,3-DPG) from the

erythrocytes. Addition of adenine , while increasing the -

len gth of time that red cells may be stored without losing

viability , does no t improve the s ta bi li ty of 2 ,3-DPG.

Indeed , it sl igh ~ 1y ac cel e ra te s the lo ss of th i s compound

(1).

2,3-DPG is of potential importance in the storage

of blo od, since it exerts a pro found effect upon the oxygen

diss ociation curve of red blood cell s (2,3). Red cells

that are depl e te d of 2 ,3-DPG have an increased oxygen

affinity . When they are transfu sed , their abi l i ty to

del i ver oxygen is in i t ia l ly  somewha t i mpaired , i.e. , a

lower tissue oxygen tension is required to extract oxygen

from them. However , 2,3-DPG Is relativel y rapidly
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replen ished after cells are reinfused , one-half normal levels

be ing achieved within about 4 hours , and regeneration being

v irtually complete at the end of 24 hours (4,5). Although

it seems reasonabl e to suppose that 2,3-DPG is of physiologic

i mportance , it has been very difficult to demonstrate that

t ransfus ion of 2 ,3-DPG depleted cells produces a deleterious

effec t. Recent investi ga tions provide suggestive evidence

- . that red cells with elevated 2,3-DPG levels improve card iac

func tion in Baboons in shock , when compared with 2,3-DPG

depleted cells (6,7). Furthermore , stu dies in man suggest

that red cells with normal 2,3-DPG may support cardiac

- output following cardiac bypass surgery in a manner which is

superior to that of 2,3-DPG depleted cells. While the

results of these studies are by no means compelling, it

woul d seem d es i rab le to i nfuse blo od w i th normal 2 ,3-DPG

con ten t .

The use of “frozen .blo od” has received a great deal of

attention in recent years. Claims have been made that red

stored at sub-freezing temperatures are a superior

p roduc t, con ferr i ng low er r isk  of he pa titi s and of leu koc y te

sensi ti za t ion. If these c la i ms are v erif i e d , then they do

re present real advantages. Bu t it should be emphasized

that , a s has been po i n te d ou t by a Na t ional Research Council

Committee (8,9), the superiority of sub-zero stored red

cells in these respects rema ins to be demonstrat ed. With

the technology now available, and in the foreseeable  future ,

frozen storage of red cells is prohibitively expensive , and ,
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- as pointed ou t below , frozen storage Is quite unsui table - - -

for use under militar y field conditions. : - :
~

-
~

-;

An additional problem which requires consideration - 
. , 

~~

•

is that of microag greqates A considerable literature

is extant regarding the possible deleterious effect of

these par ti c les , which form rapidly when blood is stored — ~~~
‘ - 

~~~

in the liquid form (10 ,11 ,12,13 ,14 ,15). Microaggregates ~~~~~~~~~~~~~~~~~~~~~~~

are tielieve d to be comprised largely of platelets , leukocytes ~ I

and par t i c les  of f i br i n, and they may acutely increase the

pulmonary artery pressure as they lodge in the lung (16,17, —

~

18). A number of filters have been introduced to remove

such m i croag g re gate s fro m s tored blood , but some of these

H have been shown to be ineffective , and all are qu ite expensive

(19 ,20). Moreover , t h es e fi l ters  markedly li m i t the rate

a t wh i ch bloo d can be a dm i nis tered.

1.2 M ilitary significance. The decrease in mortality

amon g w oun de d sol die rs durin g recent w a rs has ) in lar ge

measur e , been due to the large-scale utilization of blood

an d blood products in the severely injured. The heavy and

com p lex equ ip men t required for the fr ee z i ng and subse q uent

de glycero l i z ing  of f rozen red ce l ls ma k es frozen stora ge

quite unsuitable for military field purposes , althou gh it

- may play a role at major mi litary medical installations.

Bec ause of the unpredic table fluctuations in utilization -

of b lood in the m i li tary si tuat ion , outda t ing of liquid

stored blood is necessarily an even greater problem in the

m ilitary than in civilian practice. Since large needs for
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b lood m i g h t  a r i s e  a t  a lm o s t  a ny t ime , s izeab le  inventor ies

-: o f blood m u s t  be k e p t  a t  h a n d , and w i th  a 3 week dating period ,

m u c h  of this blood will be wasted. With a 35 day or 42 day

• da ting period , wasteage of blood would be less , and

logistic pro blems attendant to collection and delivery

of bloo d would be diminished.

If , In po int of fact , 2,3-DPG levels are important in

trans fusions , they would be particularl y so under military

circumstances. Here , extensive wounding may result in

replacement o-~ the red cell mass several times within

a few hours. These cr itically ill patients are the ones

i n whom a relat i vely small c han ge in t issue oxyg en tensions

mig ht make the difference between death and recovery Micro-

aggregates are believed to be of greatest hazard when large

volumes of blood are transfused to individuals who already

have impaired cardio pulmonary function. Wounded soldiers

are precisely in this category (21 ,22,12), and b lood wh i ch

i s free of m i croa ggre ga tes m i g ht be of valuable improve-

meri t over current practice.

1. 3 General research strategy of this laboratory . In

v i ew of these cons id era t ions , we have developed a 2-pronged

strategy in attempting to improve liquid preservation of

erythrocytes. Our short-term aim is to help to provide the

data required for early implementation of CPD-adenine

solu tion so that patients may begin to share the benefits

of the develo pments which have already been made. At the
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sa me t ime , recognizing that better 2,3-DPG preservation is an -

im portant goal , we are pushing forward with the development

of more advanced preservative systems whi ch may combine the

- - 
- a b i li t y  to m a i n t a i n  viability of red cells for 5 to 6 weeks ,

wi th improved 2,3-DPG levels .

-
- 

—
. In carry i ng out these inves t iga t ions , increas ing considera-

I tion has been given to the trend toward fractionation of blood -

Into various forme d elements and plasma components. Thus , we

hav e paid considerable attention to the problem of packed

erythrocyte storage, as contrasted with the storage of whole

blood.

2. Progress to date and current clinical status of ongoing

- 

* 

investigation

2. 1 51 Cr v iability studies on human volunteers with

- 
blood stored in CPD -adenine.

2.1 1 Ba c kg round

The use of CPD (citra te-phosphate-dextrose) as a

standard medium for preservation of bl ood in vitro has been

— 
- rou tine in conventional blood banking for several years.

Even though the levels of 2,3-DPG in CPD stored blood are

hi gher dur i ng the i n it ial por ti on of the s tor ag e period

-
- than those s tored in ACO , the leve ls  of AlP are no bet te r

- and perhaps lower than that in blood preserved with ACD.

To prolong the life of red cells during storage , better

main tenance of AIR is though t to be necessary . This has

been possi ble by addition of ad-enine to give a final

- - concentration of .25m1t1 and of more qiucose to convention al

-
— - - - ~~---———— - ----

~~ -— - - ~~~~~~—~~-—--- ~ ~~— —~~~~—----— -~~~~~-- a__~~~ _ _  - — — —



CPD (23,24). Since previous studies In this laboratory I

had confirmed the adequacy of thi c medium for a full 35

days of preservation with respect to AlP levels , i t was

-; necessary to proceed to the next phase of the study , I.e. I
the use of human volunteers to demonstrate that the 24

hour viabili ty after reinfuslon was also satisfactory

2.12 Studies carried out

Th is laboratory served as a participant in the 
—

collection of viability, s tud i es i n human volunteers w ith

-
- 

* 
b loo d p reserved i n th i s new me di um , CPD II , with a

— cooperative group under the IND filed with the FDA by 
-

- 

- Fenwal Laboratories. As the results in appendix I show ,

a total of 18 volunteers who met the usual AABB standards

were studied (appendix Ia) in our laboratory . Of these , 
-

8 were studied with packed cell units and the other 10

with whole blood units. All the units of whole blood -~

stored in CPD II had 24 hour viability of at least 72% at

the end of 35 days of storage. However , th e prel i m i nary
-

~ 

studies-with 5 packed cell units showed that 2 of these 5 
-

- packed cell units (#2 & 4 in table) did not have adequat~

glucose (and hence Al p ) at the end of 35 days. Therefore , =
- at the first meeting of the members of cooperative study

- group , it was mu tually agreed to study the subsequent packed

cel l  units at the end of 28 days . At the end of this period ,

- all three rema ining packed cell units showed better than 75%

v iability at 24 hours . These results have been sent to the

central repos itory as required in the protocol. 

- - - - - --- - - - -- - - - - .- -.-~~~~ - - -
- - - - - - . -  

~ - *~~-- - - - - --- --~ ~ -~~- - 
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Other phas es of the study , i .e.  resu l ts  of mass i ve

trans fusion of blood preserved with CPD II autologous

transf usions and the y ie ld  of cryoprecipitates have not

been included in the study at this i nst it ution because

of the different nature of the patient population.

2.2 Stud ies with BAGPM

2.21 Back ground

BAGPM is a bicarbonate-containing preservative

medium designed in this laboratory for the purpose of

ma intaining viability of packed red cells in a superior

fashion. The system depends upon buffering of the stored

cells w ith bicarbonate with loss of CO2 from the system.

This can be accomplished either by the use of a very

permeable plastic film for the man ufacture of bags , or an

internal absorbing system. Our investigations suggest

th a t ca lc ium hyd rox i de , either in small si-a lastic bags

(“baggies ”) or embedded in sia l astic blocks (“blockies ”),

mig ht be suitable internal C02 absorbing devices.

In earlier studies it was demonstrated that Ca (OH)2

added to blood produced marked hemolysis. Hence , le akage
— 

of calcium hydroxide from the s i alastic membrane “hagg le ”

constituted a serious potential hazard. Therefore ) the use
- of calcium hydroxide embedded sialastic blockies of 3 x 3 x 1 cm

size were studied as replacements of the old baggies.

2.22 Studies with “baggies ” and w ith “b lock ies ” in

wh ich calcium hydroxide is embedded. Studie s were carried

t t  
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - -~~-----~ - - —  - - - --- -
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ou t with varying amounts of calcium hydroxide: baggies

containing 6 gm , 3 gm and 1 gm calcium hydroxide were
-

. 
tested and it was found that the most satisfactory amount

to provide adequate preservation of 2,3-DPG w ithout

comprom i s i ng th e leve ls  of AlP , was In the 3-6 gm range

(appen dix IV). Blockies containing 6 g Ca(OH)2 were

placed in to a standard blood bag containing ACD A . It

was observed initially that calcium hydroxide shed from

the raw surfaces when stored at room temperature in ACD

t and to some extent also in CPD. These difficulties were

[7 accentua ted after autoclaving in ACD. They were overcome

by providing a coating of liquid sialastic over the surface

- 
of the “blockie ” and then enclosing it in another sialast ic

• mem brane. This prevented leaching of calcium hydrox id e from

the raw surfaces without affecting the CO 2 en tra pmen t func ti on

of the blockie. After collection of blood and removal of

plasma , BAGPM was ad ded to the packed cells. As indicated

by the accompanying data (appendix II , Fig. 1), a “blockie ”

con tainIng 6 g Ca(OH)2 proved to be a very satisfactory way

to trap carbon dioxide generated from the bicarbonate buffer

of the BAGPM medium. Using this system , pH levels  were
- remarka bly stable throughout the 42 day period of storage.

At the end of storage , 2,3-DPG levels were 92% of the

orig inal levels , while approximately 62% of initial AlP

l evels were maintained. “ B lock i es ” w i t h 4 gm calc i um

hydroxide were also tested. However , it was noted that when

onl y 4 gms of calcium hydroxide was employed , 2,3-DPG levels

I- 

~~~~~~~~~-- - -—- •
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were no t maintained unless the bags were very frequently

m i xe d . Hence , it appears that 6 gms of calcium hydroxide

is the optimum amount. It Is of interest to note that the

b lock ies were also superior to the baggies in the maintenance

of 2 ,3-DPG and AlP for the full 42 days of storage whether the

un its were mixed once a week or five times a week. The results

of these studies are currently in press (appendix II).

2.23 Microaggregate formation and their importance

M icroaggregate formation in BAGPM units with
-

- baggies or blockies had been previously show n to be

markedly diminished (25). These data were further confirmed

by the measuremen t of scre en fi lt ra ti on p ressure i n al l  th e

units studied. Because of the marked diminution in the

con ten t of w hit e ce l l s , pla tele ts , and fibrinogen , the

i nterac t ion of these elemen ts i s p robabl y muc h less i n thes e

units and therefore , the screen filtration pressure remai ns

much lower (appendix III , Fig. 1) than in conventional blood

units stored in ACD , CPD or CPD I l-adenine. As the accompanyi ng

figure shows (appendix III , Fig. 2) whenever screen filtration

p ressure rose , ft could be returned to normal by filtration -

through the usual blood filter utilized in the administration

— of blood to the patients. Therefore , it is anticipated that

wha tever microaggregates form , they would be readily cleared

by the standard large -pore size blood filters conventionally

used in the blood administration to humans. 

- -
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2.24 Stud ies  w i t h  t h i n - w a l l e d  bags

The convent io na l  PVC bags ut i l i zed  in current blood

bank ing are not adequately permeable to carbon dioxide to be

lost from BAGPM at an adequate rate. Therefore , in a ddition

to testing the internal carbon dioxide trap in the form of a

block i e , we were interested in carrying out studies with a bag

having five times or greater permeability for the carbon

dioxide than the conventional PVC bag. With the collaboration

of Jet Propulsion Laboratory in Pasadena, a bag with a wall

thickness of 3¼ ml] was desi gne d and showed promising results

in preliminary studies (Appendix V). Red cells maintained

very sa tisfactory levels of AlP throug hou t 42 days of stora ge

and lost 2 ,3-DPG only very slowly. The screen filtation

pressure (SFP) remained low within 15 to 30 mm of mercury ,

almos t the SFP of the fresh blood. However , similar promising

results could not be obtained with the initial 2 bags made

of slightly thicker thic kness (6 m u )  (Appendix VI) with

respect to 2,3-DPG levels: Subsequent batches of 3 mil and 6

mil were equally ineffective (Appendix VII).
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VIA BI L I TY DATA ON CPD Ill

Whole  Bloo d Uni ts

P las m a
Hemoglo bin Gluco se Ks Na+

(mg/dl) (mg/dl) (Meq/1) (Meq/L)

No. Day 0 Day 35 Day ~ _ QayA5_~~_Qa~y. O D a ~~ 35 Day D Day_35 D~yj

1 6 63 470 230 4 170 155 3.69

2 10 38 476 274 4 ~9 170 154 4.03

3 9 54 475 256 5 :2 170 152 4.35

4 6 40 474 238 4 ~2 165 156 3.24

5 8 13 465 265 4 6 166 157 6.08

6 7 34 504 288 4 ::6 169 155 3.94

7. 1 2 74 494 241 4 :!9 171 156 4.04

* 8 12 53 522 281 4 !6 170 156 4.81

9 16 34 506 250 4 171 159 4.65

10 106 17 4~S0 266 6 17 165 161 4.58

Packe d Cel l  Units

1: 1 873 483 0 3 ~3 169

2 0 1102 51 5 4 4 B6 174 111 4. 18

3~ 4 D78 - 518 20 4 75 165 116 4.80

2 224 514 0 4 93 170 104 4 .90

5 0 569 493 46 4 73 17 1 120

No. Day 0 Day 28 Day O P~y ? ~ ~~~~~~~~~~~~~~~~~~~~ Day 28

6 . U 106 455 104 4 .81 158 130 4 .4 1

7 -  3 81 446 66 4 59 168 145

8 0 137 447 2 3 
— 

98 169 130

*At the end of 35 days of s t o rage , Ut
ui n it s ,ith n egligible amount of g luc
~b AlP had either margi nal (#1 ) or I
2 4 hou v iabi lity of red bl ood cells-

- ~~~~~~~~~~~~~~~~~~~~~~ 
-

~~ - -
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y~~~~ L1iY__Q~iA ON CPD II BLO OD -
~~~~

Whole B lood Uni ts
Erythr~ c_y~~~

Ks Naf ATP 2,3-DPG 24 Hou

~q/L) (Meq/L) (pMoles/g Hb) (~ Moles /g Hb) V 1a L ’ lli t

LD~~ _3~5~~~Day 0 Day 35 Day O 
- 

D~y 35 Da y 0 D!y~~~_~~~~YJ~.

170 155 3.69 1.99 14 .44  1.57 84.8 1

170 154 4. 03 2 .71 13.68 1. 14 7 7 . 6 3

:2 170 152 ~4.35 2 .48 12.61 1.24 72 . 08

165 156 3.24 2.99 18.47 1. 09 89.35

166 157 6.08 3.27 14.15 0 73 .76

169 155 3.9 4 2.80 12.33 0.10 85.71

:!9 171 156 4.04 2. 15 12.51 0 .27 74 .6 5

‘6 170 156 4 .8 1 2.41 13.30 0 .11 83 .27 -

171 159 4 .65 3.27 12. 99 0.11 82.63 —

17 165 161 4.58 2.80 
- 

22.01 0 89.61

Pa ck ed Cell Units

169 102 4.35 1.28 14.05 0.06 72.50*

86 174 11 1 4.18 1.66 14.29 0 54.50*

75 165 116 4.80 2.39 14.29 0-.l2 77.97

93 170 104 4.90 1.71 11.80 0 53.28*

73 171 120 3.83 2.31 
- - 

18.72 0.21 - - 
75.~~7_ 

-

O D c ~~~28 Day 0 D~y 28 Day~Q ~Day ? - 
Day 0 

- 
Day 28 . Day 28~~

.81 158 130 4.48 2.27 16.20 1.69 83.58

59 168 145 4.70 4 . 2 9  1 2 . 7 2  0 .49  9 1 . 5 4

98 _ 169 130 4.90 3 .20  15 . 2 4  0 .50  
- -  - 

82.61

the end of 35 days of s to r age , these th ree packed ce l l  -

i t s  ~f t h  negl ig ible amount of g lucose & c 2 . 0O ~iMo 1es /g
AlP had e i the r marg ina l  (#1 ) or thadequate  (U & 4 )
Piou ’ v iabil ity of red blood cells. 

~~~~~~~ ~~~~~~- -~~~~~-~~ - 
~~~~ -1. 
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CLiNiCAl. J’ROTOCOL.

Modified Anti coagulant Ci trate Pbo~pha te Dextrose Solution
wi th Aden ine (Cm II)

INTRODUCT ION

General

In view of the recent emphasis on conservat ion of blood as a
national resource , initi a tion of clinical trials of a blood
anticoagu ]ant—p rc servative permitting liquid storage beyond 21 days
appears appropriate at this time . Extension of red cell shel f—life
will decrease wastage, most significantly in less populous areas of
the United States, and during an international conflict or
emergencY. It is probable that future research will render
obsolete any formula selected now; however, current knowledge of
red cell preservation is sufficie ntly advanced to extend safely to
35 days the red cell storage limitation imposed for over 30 years .

-

- 
TirE s knowledge has been reviewe d recentl y (1 ,2,3,4) ,  and from these
summaries certain concepts emerge which are relevant to the design
of th is protocol.

— App~~~ca b i lit v  of ACt ) 1)ata

Information exists concerning the safety of ACD—A supplemented with
adenine. Since CPD. is only a sligh t modification of ACD—A , this
data base is app licable as background for suitability of the
proposed anticoagulant.

Safe ty~~~f Aden ine  -

Adcn ine  as an addi  t iv e  fo r human use is sa fe , pa r t i c ul a r ly a t  the
concent r a t i o n  proposed . Not on l y ha v e the Swed i sh and Cer n~~n
c l i n i c a l  expe r i ences  w i t h  double the proposed concen t ra t ion  been
appa ren t ly u n c v c n t fu l , hut  recen t  human s tud ies  in the
U n i t e d  S tat e s  found no compromise  of rena l  f u n c t i o n  a t  acu te  doses
of 30 ing pe r k i l o g r a m  (5) .  3~esp i t e  t he s a f e ty  of adenine  suggeste’~d
by Eu ropean use , its documentation is limited. Therefore ,
d o c un en t at i on  of sa f e t y  is an i n te g r a l pa r t  of th i s  p ro toco l .  I t
is p a r t i c u l a r ly  i mp o r t a n t  in p a t i e n t s  sub jec ted  to massive acute
t r ans fu s ions , in  tho se ~ it h i n t e n s i v e  chronic t r a n s fu s i o n
r e q u i r em e n t s , and i n p a t i e n t s  w i t h  p r e — e x i s t i n g  rena l  disease.
Morn comp i etc s a f e t y  d o c u m e n t a t i on  is presented  in Appen dix  B of
thi s  protocol.

% j ~l~~i _i_~~~~~ -

Available da ta suggest tha t hemoglobin oxygen affinity would be at
least no grea ter at th~ end of 35 days of red cell storage in the
proposed anticoagulant than at th e end of 21—day storage in CPD or
/~CD-A . Al though it is suspected tha t red cells with lower oxygen
affinity nay he desirable in selected clinical settings , no proven

- - - -  ~~~~~~~~~~~~~ 
- - 
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1~- 
-

stable ndditivc which would reduce oxygen affinity during storage
is presen tly available. Thus, for purposes of therapeu tic
eq u ivalency, survival of stored red cells 24 hour . after injection
remains the most appropriate in vivo measurement.

Component s

Negligible data have been published regarding the effects of either
adcnine or increased glucose concentration on yields or storage

- 
- 

charac teristics of components commonly made and dispensed by blood
banks throughout  the c o u n t ry . Yie lds  should he evaluated in
platelet preparations and Cryoprecipitated Antihemophilic Factor.

Mul t i p le i n s t i t u t i o n  Stud y

It is clear that numerous investiga tors h ave competence to perform
c l i nic a l  studies of improved l iqu id  red cell storage. In order to -

- . 
en l i s t  their exper t i se  and obta in  da ta on a diverse patient base,

- m u l t i ple insti tutions will participa te in clinical trials. This
wi ll also exped i te data a cqu i s i t i on .  Eac h participating
investigator and the parent institution must agree to follow the
r e s t r i c t io n s , methods  and r e p o r t i n g  t echn i ques speci f ied  in this
p rotocol . At  the same t i n e , c e r t a i n  aspects  of the protocol a re
broadly  drawn to p e rm i t  i n v e s t i g a t o r s  to comp ly w i t h  i nd i v i d u a l
i n s t i tu t i o n a l  c o n s t r a i n t s  on humah use. Cer ta in  i n v e s t i g a t o r s  may
choose to c o n c o m i t a n t ly o b t a i n  da ta not required by this protocol .
This is s p e c if i c a l l y  p e r m i t t e d , provided  the  r e q u i r e m e n t s  of the .
pro tocol  a re  met .  Those p ro toco l  p rov i s ions  which fol low are
i n t e n d e d  to serve as a nas te r  un i ter  wh ich  each i nves t igator  would
develop  more d e t ai l e d  s t u d y  p lans .  Onl y those da ta have been

• 
- soug ht  wh i chi  the  au t h o r s  rega rd as c r i t i c a l  to document the sa fe ty

and equ iva l ency  of thin proposed a n t i c o a gu l a n t .  rur ther , a l though
as state ( l , we cons ide r  h i s t o ri c a l  c o n t r o l s  of ACD and ~ PJ) a d e q u a t e ,
p a r a l l e l c o n t r o l s  may be o b t a i n e d  by p a r ti c u l a r  inv e s t i g a t o r s  for  a
p a r t i c u l a r  aspec t of t h e i r  s tud i es .

( I I J E I thL O P I - T . A T I O N A L  l~J ( ?LJ 1 REtIE N T S 
-

Task_Force P a i t i c i p a t f  on

In order to insure or~ a n ized , sy s t e m a t i c  da ta a c q u i s i t i o n  and
analysis, a task force is proposed. The coordinators will he the
Blood Res~ .irchi fl~ v i s i o n , J . e tt e r v i an  Army I n s t i t u t e  of Research  and
Fenwa l Lab o r a t o r ie s , D i v i s i o n  of Travenol  L a b o r a t o r i e s, Inc.  Other
qualified Investi gators will be added to f u l f i l l  the  da t a
rcq’Jircfleflls. F. .ich p a r t i c i pant  mus t  agree in writing to conform to
the p r o v i s i o n s  of this p r o t o c o l .  The !;upp llers of the containers
fo r  blood co l l e c t i o n  sh al l  have  the  r i g h t  to r e fu se  to supp ly a ny
pa r t i c i pant  who i tucs  not t l em o i i - ;t r a t e  sa t  l sfn c t or v  comp l i a n c e .  

.~~~~~~~~~~
—-
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Record of Task Force Pa r t i c ipan t s

The Blood Research Division , Let terman Army Ins titute of Research ,
will maintain a registry of task force partici pants and the
phase(s) in whi chi they are active. The Bureau of Biologics and all
participant s will he supplied with a list of fellow workers , wh i ch
will be upda ted upon each entry or withdrawal of participants.

Periodic Pheetin~gs

lleetings of tas)c force participants will be held periodically , hut
no less than annually from th e date of commencement of the studies ,
when it is mutuall y agreed tha t such a meeting will  fu r ther the
orderly progression of the studies.

Data Repositories

in order to permit independent analysis of data , two reposi tory

- - 
- agents will he establ i shed for those studies utilizing containers

— i_ manufa c tu red  by Fenwa l Laborator i es : the Blood Research Division
— in conj u n c t i o n  wi th  the Depar tment  of Informational Sciences ,

Let te rman  A rmy i n s t i t u t e  of Research , and Fenwal Laboratories. All
requisite records , forms, and clinical reports will be prepared in
tri plicate , one of which may he by electronic reproduction , and one
each) of which w i l l  he forwarded to each of the  above data
reposi tor ies . P r ogress reports of th e task force efforts will be
prepa red a t  a p p r o p ri a t e  i n t e r v a l s  j o i n t l y  by the data  repository
agen ts .  A copy w i l l  he supp l i ed  eac h partici pant, and the Bureau
of Diologics  (BoB) for  their  i n f o r m a t i o n  and review .

Adverse  1~ea c t i on  N o t i f i c a t i on

If an unexpec ted  severe adverse  r e a c t i o n  is encounte red  by any
i n v e s t i g a t or , a t e l ep honic  r eport as to the n a t u r e  and sever i ty of
t h e  adve rse r e a c t i o n  w i l l  he f i l e d  w i t h  bot h r epos i to ry  agent s .
N o t i f i c a t i o n  to the Bu reau  of B io io gic s  w i l l he provided by the
v - a n u f a c t u r e r  as  r equ i red  by ~be r e g u l a t i o n s . ’ Dete r m i n a t i o n  of wha t
c o n s t i t u tes a severe adver se  r e a c t i o n  w i l l  he the r e s p on s i b il i t y  of

- 
those members of the ta sk force wi th d i r e c t  medica l  r e spons ib i l i t y
for the i n fu s i o n  r e s u l t i n g  in the react ion.

- .  

- 
. ~~~~~~~~~~~~~~~~~~~ Ian  t-Prese rva t ive Forr iu ia

The generic n am e  of t h e  propo!;ed a n t i c o a gu l a n t  is “h t o d i f i e d
A n t i c o a g u l a n t  Cit ra te— Phosp hat e -Dex t ro se  So lu t i on  w i t h  Acienine . ”
The trivial name w i l l  he “Cr D—II ,” and w i l l  have t h e  fo l lowing
formula: -

Eac h 63 ml of an t i c o a g u l a nt  c o n t a i n s  206 ing C i t r i c  Acid
(h y drous ) 1J .S .P. ,  1.66 g So d i u m  C i t r a t e  (hydrous)  U . S .P.,
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140 mg Sodium Iliphoap ha te , N .F., 2.03 g Dex trose (hydroua)
U.S.?., and 17.3 mg Adenine . 63.ml Modified Anticoagulant

- CPD Solution with Adenine is for collection of 450 ml whole
blood.

At 2 2 C , the pit of the anticoagulan t solution is approximately
5.61. The final concentration of adenine in 450 ml of whole blood
in the preservation is 0.25 mM , an d the f i nal concen tra t ion of
dex trose is approximately 350—400 ing per dl , depending upon the
donor plasma concentration at the time of phlebo tomy.

Blood Containers

All blood and blood components for all phases will be drawn in to,
prepared in , and stored in polyvinyl chloride plastic bags (PL 146) .
In those studies requiring controls of conventionally anticoagulated
blood , Ant icoagulan t Ci t ra te  Phosphate  Dextrose Solution (CPD) in

-- - currently approved blood collection systems will be used. All
containers  wi th  an t icoagulan t , in tegral  tubing, and satell i te bags
will be sterile and py rogan—free.

Donors 
-

All homologous donors mus t  meet published standards of the RoB , the
American Re d Cross , or the Ame r ican Assoc iat ion  of Blood Banks .
All normal perso ns v o l u n t e e r i n g  to receive autologous blood
infusions a f t e r  s torage wi l l  meet those s tandards  which are for the
p rotect ion of the donor.  Normal v o l u n t e e r s  w i l l  only be accepted
for s tud y a f t e r  a physica l e x a m i n a t i o n  by ,  and w r i t t e n  approval p
from a l icensed phy s i c i an .  All  p a t i e n t s  from whom blood is draw n
as part of an autologous predeposi t  program must meet the standards
for such donors published by the American Association of Blood
Banks.

Human Use

Dur ing  any and a l l  aspects  of clinical trials , the provisions of
AR 70—25 , Use of V o lu n t e e r s ’as Subjects  of Research , and P ro tc c tfon~
of Human Subjects , Federal Register , Volume 39, No. 105, May 30,
1974 , will apply and he adhered to strictly by Investigators. No
persons w i l l  be transfused with any blood conponent under this
p rotocol unless  ln fo r i . ed consent  w i t n e s s e d  by other  than the
counse l ing  phy s i c ian  has been ob ta ined  p r i o r  to i n f u s i o n .  If the
p a t i e n t  is incompe ten t  or unab le  to consent , in fo rm ed  consent must

• 

• 
be obta ined f r o m  a p ar e n t  or g u a r d i a n .  A copy of a l l  executed
i n f o r m e d  consent  forms will be retained by the inves t iga to r  under
whose s u p e r v i s i o n  the i n f u s i o n  was conduc ted .  

-

— —  -—— -~~~~~-~~~~~ —
—- -
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I. Pagc 5

Components

All components will be defined as in the Sta ndarda of the American
Association of Blood Banks or BoB.

Storage

Excep t for d u r a t io n , storage of whole blood an d r ed blood cells
will he in accordance with the S tandards of the America n

- Association of Blood Banks or BoB . 
-

Labels

All requirements for labeling of blood defined in the Standards of
the American Associat ion of Blood Banks and BoB will be followed .

P re in fus ion  Tests -

Preinfusion compatibility testing of homologous blood will be in
accordance wi th S tandards  of the American  Association of Blood
Ban k s, by methods shown to be at  least  as good as those defined in

— the “Tec hn ica l Methods  and P r ocedur es” of the American Association
of Blood Banks , 7th E d i t i o n , 1974.

CLINICA L STU DY GROUP S - 
-

Gene ra l

Since dive rse s tud i es wi l l  he r e q u i r e d  to document adenine  sa fe ty ,
equ i ’a l e n c y  of red ce l l s  under go ing  ex tended  s torage, and component
recovery and y i e l d , da ta  a c q u i s i t i on w i l l  he f a c i l i t at e d  by
a s s i g n i n g  s u b j e c t s  to c l e a r ly d e f i n e d  phases. Some investigators
may not  w i s h i  to  p ar t i c i p a t e  in a l l  p hases.  E x c e p t  for Phase IA ,
n u m b e r i n g  of p hases does no t  imp ly tha t th ey  w i l l  he conducted
s e q u e n t i a l l y ,  as  studies from Ph ases IR , I I , I I I and IV ma y be
conduc ted  c on c u r r e n t l y by a p a r t i cu l a r  I nvest i gator .  Phase IA w I M
be comp l e t e d , and  the d a t a  an a ly z e d  to assure  acceptabl e su rv iva l
(as d e f i n e d  in A ppendix C), prior to coimBencetnent of any in - -v i vo
studies in othe r phases.

I. - Phase I (Autologous S tud ies)  
-

Auto logous  t r a n s f u s i o n s  w i l l  he ntud i ed  in Phase I .

A. S tu dy  Design — Phase IA.

Pha se 1 , Group A (Aiit ologou s Red Blood Cell Survival)
will be composed of normal volunteers. The prina ry
obj e ct t v e  of t h i s  s tud y group wi l l  he to document 

_
~

_i_ _ - _ - _ _
~

_ _ _
~_ 
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equivalency of postinfusion surviva l of red cells
prepare d from blood drawn in CPD—Il. Documentation o~ - 

- - 1

J%denine safety is not a primary objective since the ~~- ‘ 
-

volumes reinfused will be insufficient to obtain
meaningful toxicity da ta, and plasma will have been -

lar gely removed by washing . - 
- _

,-
~ ; 

-
~:~

1. General

To establish red ccli survival characteristi cs of
cm —u , no less tha n three, nor more tha n five ,
labora tories will partici pate . Each laboratory

- - - will complete autologous survival studies , and
- in v i t ro  chemical analyses , on blood from at  least

fif t een (15) volunteers , of whom at least five (5)
- - shall he non gravid female . Computation of thes e

minimal- s tud y n umber s are detailed in Appendix C.
Assay techniques will  he at  least  as good as those

- 

- • out l ined in Appendix D. -

2. In V i t ro  Tests of Normal Volunteers

In a d d i t i o n  to tes t s required to determine whether
a ca n d i dat e  fleets the donor S tandards, the
fol lowing tests wi l l  he performed prior to

• p hlebotomy to obtain the s tudy un i t :  - 
-

a. hematocrit

h. hemoglobin -

c. red cell coun t 
-

d. red cell i n d i c i e s  (DCV , }ICIIC , MC)I)~

C. reticulocvte coun t
S

f .  examin a t i on  of per i phera l smear

g.- hemog lobi n el ect rophor esis ~~~~~~~ - 
—

h. pregnancy test  in a l l  females  —
~~~~~~~~~~~~~ C—6 —P D (Cl ucose— 6--Phosph ia te  Debyd rogenas e)

Sign ificant abnormality of any of the above
s tud ies  or a pos i t ive  pregnancy test in the case
of females , shal l  exclude  a donor as a normal
volunteer  for red cell surviva l s tud ies . -

LaAk_ 
— -— - -  -- -~ -~ -
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3. Sa mples

ln order to minimize risks of contamination , whole
blood will  be drawn into triple integral bag
systems . Wi th in  one hour of phlebotomy , a t least
f i v e  u n i t s  wi l l  he packed to an hematocrit of
75% ± 5% by each p a r t i c i p a n t  laboratory. By a t
least three investigators , at least three units of
either packed red cells or whole blood will he
subjected to t r anspor t a t i on  tra uma on the  28th day
of s torage by shi pme nt to a second inves t iga tor  in
Phase IA , who wi l l  reshi p to the city of origin
for preinfusion analy s is  and surviva l s tt ~iies .

4. In Vitro Analysis of Stored Red Blood Cells and
Whol e Blood

On day zero and on day 35 , the fo l lowing values - -

will he determined on each stored unit:

a. Supern a t a n t  p lasma :

~~~~~mog loh in  f~’-,-~ 
~~~~~~~~~~ -~~~~/~~.-L 

-
~~

g lucose -~~

p o t a s s i u m  7
sodium

phi and t em p e r a t u re of d e t e r m i n a t i o n

h. Red ce l l s  1
~~~~~~~~~~~~~~~~~~~~~ -

(2 .3~DP~

- - L ATP -

In addition , an aliquot obtained subsequent to the
32nd day w i l l  he cu l tu red  fo r  both anaerobic and
aerobic b a c t e r i a  a t  4° and 37 °C to d e t e r m i n e
s t e r i l i ty .  Ste r i l i t y  w i l l  he documented p x l o r  to
r e i n fu s i o n .

L .
— — - - -~ — — —
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5. Surviva l S tudies

On the 35 th day of storage , an ali q uot of red
cells will be labeled wi th 51—Cr and infused into
the volunteer donor. Appropriate venous samp les
wi l l  he obtained postinfusion to determine the red -

cell surviva l at 24 hours af ter inf usion.

6. Data Report ing

i n f o r m a t i o n  ga thered In Phase 1, Group A wil l  hc
recorded on CPD—I l Form A (A ppendix A). In
addition to the per cent survival a t  24 hours , a
grap hic  display of all po ints used to calculate
surviva l will he submitted to the repository
agents. Units sub •jected to trauma of
t r a n s p o r t a t i o n  wi l l  he id e n t i f i e d  as such in the
“comments ” section of the form . Cop ies wil l  be
forwa rded to each reposi tn~. y agent wi thin f i f t e e n
(15) days of comp le t ion of the survival  s tudies .

B. Stud y Design — Phase lB

Phase I, Group B ( A ut o logous Transfus ion ) wi l l  he
composed of p a t i e n t s  scheduled to undergo elective
surgery who have predeposi ted autologous  un i t s  of whole
b lood and /o r  components a n ti c o a g ula t ed  w i t h  CPD— II for
re in f u s i o n  a t  surgery or in the postopera t ive  period. -

The primary objective is to document c l in i c  sa f e ty  and -

equ iva l enc y in
st~~~ä~d for  graded in t e rv a l s  Because cf  blood volume
instahility in t h i s  group , surv iva l s tud i e s  are
inapprop r i a t e , and nor ma l vo l u n t e e r s  in Phase IA mus t
h e u t i l i z e d  to r e l ia h l~ de t e rmine  red cell su rv iva l s .

I. Genera l
S

To e s t a b l i sh c l i n i c a l  response to , and possible
adverse  e f f e c t s  of auto 1oj~ous blood s to red in
cm —u , studies f rom no less than twenty
( 20) p a t i e n t s  w i l l  be comp le ted  by each Phase  I ,

~~~~~ B pa r t i c i p an t .  A l thoug h i d e a l l y  only -

. iu to logot i s  red cc l is and components  would be
tr - in ’; fused , t h i s  m a y  not  be possibl e in a l l

• p a t i e n t s .  P re f e r a b l y ,  al l homologo us red cells
and components  would  b .?. p repared  and s tored in
CP D -- I l ;  however , th i s  also may not  he p r ac t i c a l  or
poss ib le .  Shou ld  p a t i e n t s  in  Phase I , Group B —

receive homologous red cells or componen t s , da t a
will he ga thered on each unit ~ ithio ut regard to

~~~~~~~~~~~ ~~ ~~~~~ . 
—- -~~~ 
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I
an t i coagu lan t as though the  uni t  had been drawn
and stored in CPD— ll . The da ta repository agents
wi l l  m u t u a l ly  de t e rmine  whether  the ntw~ber of
homologous un i t s  given wi l l  require
reclnssification of a par t icu la r  pa t ien t into
Ph ase II  or I I I .

2. Infus ion  Produc ts

Decis ions regard ing  n umber of units , timing of
p hi lebotomies , and whether to store as packed cells
or whole blood will he the sole responsibility of
the partici pant and cooperating clinicians.

3. P a t i e n t  Summa ry (CPD—II Form 1)

Relevan t  dat a  su m m a r i z i n g  the  experience of each
p a t i e n t  for  the period included in the s tud y shall
be recorded on CP D—I l Form I (Appendix A) ,  which
is se l f — e x p la n a t o r y  as to the i n f o rm a t i o n  sought .
Only  one summary is r equ i r ed  for  each discrete
study period .

4 . U n i t  I n f u s i o n  Data (CFD— II  Form I I )

R e l e v a n t  data r egard ing  each u n i t  shall  he
recorded on CPD—II  Form I I  (Append ix  A ) ,  wh ich  is
sel f — e x p l a n a t o r y  regard ing  the in fo rmat ion  soug h t .
A s epa ra t e  page  of th i s  form must  he comp le ted  for
each donor unit or component y

~~~ 
t r ans fused ,

w i t hou t  regard as to w h e t h e r  suc h was prepared  and
s to red  i n  CP D — I I .

5. C l i n i c a l  and  L a b o r a t o ry  Data  (CPD—li  Form I ll)

R e l e v a n t  c l i n i c a l  and l a b o r a t o r y  da ta sha l l  he -
re orded on~ CPD — lI  F o r m  l l I~ ( A p p e n d i x  A ) .  The
in fot ma t ion req ij ir ed  is I mdi  ca ted by th e hold
( le l in eat ed  blocks , labe led “ PRE ,” “POST ” aiid
“DCIIG .” The “PEE” da t a  should he tha t  ob ta ined
m o s t  recent ly p r io r  to the i n f u s i o n, the  t i m i n g  of
wh i c h  w i l l  vary  among p a t i e n ts .  The “ POST ” data
w i l l  be o b t a i n e d  between 24  and 48 hour s
post thf us ion .  The “ DCIIG ” di ta w i l l  be tha t
()bt . i  m e d  f r o m  i m ip a t i en t s  mos t n e ar l y  c o r r esp o n d i n g
wi t1 t h e i r  d i s charg e  p r o v i d i n g  48 hours has
~ 1apsed since  the “POST” da t a  was obta ined . The
u n a c e en t e d  i n t e r v e n i n g  b locks  may he f i l l e d  In
w i t h  o the r  ap p r o p r i a t e l y  t i m e d  tests, but  are
op t i o n a l. I f  an autopsy is performed , the cause

—5 ------5 - ——- S ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
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of d~~ thi and time results of histo logic examination
of the kidn eys by convent ion a l and cross polarized
light microscopy shall be included under
“commentS.”

6. Autoiogous U n i t  Ve r i f i ca t ion

All containers for blood or components intended
for later autologous i-einfusion shall bear a
special label as defined in time standards for
autologous transfusion of the American Association

-
. 

of Blood Banks. Pr io r  to re infus ion , the donor—
recip ient , if able , shall ver i fy  in writing that
he (she) has i den t i f i ed  his (her) signature on the
special label. Such ver i f ica tion , or a
certification by a physician of the person’s
inabi l i t y , sha ll he pa r t  of the permanent records
of the invest igator  responsibl e for the infus ion .

7. Data Repor t ing  Pe r iod

Da ta on each reci pient  shall  he forwarded to both
da ta repos i tory  agents w i t h i n  t h i r ty  (30) days
fo l lowing  ti m e f i na l  in fus ion  reported.

11. Phase I I  (Conven t iona l  T rans fus ion  Requ i r emen t s)

All candida tes in this p hase will be pa t ient s, and i t  is
an t i c i pa ted this wil l  comprise  time larges t group ing.  In
th i s  p hase , med ica l  and su r g i c a l  p a t i e n t s, bo th a d u l t  and
p e d ia t r i c , w i l l  he i n f use d  w i t h  homologous whole blood and
components in response to requ i rements  for 5 or l ess donor
u n i t s , or p r o p o r t i o n a t e l y  less in  the case of p e d i at r i c
patients. The priir .arv objective of time phase is to document
cl i n i c a l sa f e ty  and e q u i va l en c y  of C P D — I I .  No p a t i e n t s  w i l l
be ex c lm k i e d  due to u n d e r l y ing d isease. No efforts will be

made to give an individual patient products of uniform
storage interval ; v ar i a b l e  s to rage  w i l l  f r e q u e n t l y  be
represeiired in each candidate . - -•

Study Desi gn , Ph ase I I

A. General -

In order to estabi isli clinical response to , and
possible adverse effects of , homologous blood stored in
CPD—lI , diverse pa tient types will he s tud ied  in
Phase II. The number of patients to he entered into
t h i s  p hase is open -ended , wi th final requirements to be 

- 

—

det ermined  by c o n t i nu i n g  data  an aly s i s  of p a t i e n t s

-

--~~~~~~-- -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~tuiI ietI . All decisions rcgnrding storage duration ,
- - 

- 
- acccpln nce or rejection of a particular unit for

in fus io n , the n umbe r of units , the type of units , and
time rate of infusion shall he at time sole discretion of
the investigator and his cooperating physicians, and
will he guided by the dicta tes of good med ical
practice , and the constraints of human use by the
participating institution , it is probable that many
patients will receive blood products which have been
a n t i co a gu ia t e d  w i t h  other than CPD— I I . Data must  be

-

. ga thered on all infusions as though all had been
an t icoagu lated in CPD— II .

B. Patien t Summary (Cm -h Form I)

Relevan t data summarizing the experience of each
p a t i e n t  for  the period included in time s tud y shall he
recorded on CPD-II Form I (A ppendix  A) which is self—
exp lana to ry as to the i n f o r m a t i o n  soug h t .  Only one
sunu mary is required for each discrete  s tudy period.

C. Unit I n f u s i o n  Da ta (CPD— II Form I I)

Re l evant  da t a r e g a r d i n g  each u n i t  i n fu s e d  shall be
recorded on CPD—lI Form II  (A ppend ix A) ,  which is se l f—
exp lana tory as to the i n fo rm a t ion  soug ht .  A separa te
pa ge of th i s  form must  he ccur pl eted f or each dono r un i t
or d i sc re te  conp~~ çnt  NP 1 t r a n s f u s ed  w i t h o u t  regard to
an t i coagu lan t .

D. C l i n i c a l  and Labo r a t o r y  Data (CPD—I I  Form I I I )

R e l e v a n t  c l i n i c a l and labora tory  da t.a shall  be recorded
on CPD— l I  Form I I I  (A ppend i x A ) .  Time i n f o rm a t i o n
z-eq~ i red is in dica ted  by the bold de l inea t ed  blocks ,
labe led “PRE ,” “POST” and “DCHC. ” Time “ PRE ” da ta
should be tha t ob ta ined  most r e C Q f l t l y  p r i o r  to the
in fus ion , t he t i m i n g  of which w i l l  vary  among pa t i en t s .
‘flme . “POSt ” data  w i l l b~ ob ta ined  bet~ ecn 24 and~
48 hours  p o s t i n f u s i o n .  lime “DCHC ” da ta w i l l  be t ha t
ob ta ined  f rom i n pat i e n t s  most n e a r l y  corresponding wi th  -

— - - their di scharge  p r o v i d i n g  413 hours  has elapsed since
time “POST” data was ob ta ined,  The unaccented
intervening hloc :s m a y  he filled in w i t h  o ther
app r opr i a t e ly t im e d t e s t s, hut a re o p t i o n a l .  I f  an
autopsy is perfo rmed , the cause of death and the
results of histologic examination of the kidneys by
conventional and crossed polarized light m icroscopy
shall be included under “coinr ents.”

-- - - -~~~~~ - -— -— -—- ~~~~~~~~ -~~~ 
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E. Da ta Report ing reriod

Data on each recipien t shall be forwarded to both data
repository agents within thirty (30). days following the
final inf usion reported.

III. Phase III (Hassive Transfusion Requirements)

All candid a tes in this phase will be patients , and all ‘~il1
he transfused with homologous blood and components in
response to requirements for grea ter than 5 donor units.
Time primary objective of th i s  phase ~s to document c l in ica l
safety of blood and components at extreme transfusion
requirements.

A. Phase III, Group A

Phase III , Group A will he patients transfused due to
massive acute requirements. Examples would he severe
t rauma , acu te  bleed i ng due to a coagulopathy , or

— exchange t r a n s fu s i o n .  Large numbers of pa t i en t s  may be
di f f i c u l t  to a c c umu l a t e  due to the probl ems associated
wi th obtai ning informed consent .

B. Phase III, Group B

Phase I l l , Gr oup B wi ll he p a t ie n t s  wi th large chronic
requ i rements .  Exa mp les would he chronic unc o~mpe nsated
anemia , thr ombocy topen ia , and l i f e l o n g  bleeding
d iso rde r p rophv l a x i s .  I t  is a n t i c i pa te d tha t
p r i n c i pal ly components  and l i t t l e  whole blood w i l l  be
given  to t hese p a t i e n t s .  Time object ive  is to document
sa f e t y  of r epea ted  smal l  doses of adenine.

C. Stud y Design — Phase III

— 
1. General

. - In order to e s t ab l i sh  c l i n i c a l  response to , and
possib le adverse  e f f e c t s  of , homologous blood
stored in CPD—II, diverse patient types will he
st udied  i n Ph a se I I I . The number of patients to

- 
- be entered  In t o  th i s  phase Is open— ended , w i t h

f ina l r e qu i r e m e n t s  to he d e t e r m i n e d  by c o n t i n u i n g
data  anal ys is  of patients stud i ed . All decisions
rc[~ar (h)ng storage duration , accep tance or
i cj e c t io n  of a p a r t i c u l a r  u n i t  for  i n f u s i o n , the
n umb er of min i ts , t he typc of u n i t s , and the rate
of I n f u s i o n  shall  he a t  the sole d i s c r e t i o n  of the
investigator and h i s  cooperating physicians , and

L. 
__1~

_ __
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will be guided by the dicta tes of good med i ca l
prac tice and the constraints of lmuria n use by the
part ici pa ting institution , it is probable that
many patients will receive blood products which

• have been anticoagulated wi th other than CI’D—II .
Data must hc ga thered on all infusions as though
all im ad been an ticoagu la t ed  Sn CPD— II. 

—

2. P at i e n t  Summary (Cr11-Il Form I)

Relevant data summarizing the experience of each
patient for the per iod included in the study shall
he recorded on GPI)—Il Form I (App endix A) ,  which
is self—exp lanatory as to the i n f o rm a t i o n  sought .
Onl y one summary is required for each discrete
stud y per iod.

3. UnIt Infusion Data (CPD—lI Form II)

Re l evant data regarding each unit infused shall be
recorded on CP U — I l  Form II  (Appendix  A ) ,  which is
sel f — e x p l ana to ry  as to the i n f o r mat i o n  sought. A
sepa ra t e  page of this  form must  he c omp leted for
each donor u n i t  or di sc r e t e  compo nen t pool
t r a n s f u s e d  without regard to the a n t i c o a g u l a n t .

4. Clini ca l and Laboratory Data (CPD—II Form lii)

Relevant clinical and labora tory data shall he
recorded on CPD — lI  Form I l l  (A ppendix  A).. Time
in foi  n a t i o n  rcn,y i red  is i nd i ca te d by the bold
d e l i n c a t e d  hlocl s , labeled “PRE ,” “POST” and
“ DC II G . ” lim e “ PR E ” data  should he tha t obta ined
m ’~m s t  r e c e n t l y p r i o r  to the in fu s io n , the t i m i n g  of
wh i c h  w i l l  v ary  am n n n g p a t i e n t s .  The “POST” da ta
w i l l be ob ta ined  hct we~ n 24 and 48 hours
p o st i n fu s l o n. Time “ DC }IG ” dat a  w i l l  be t h a t
ob t a i n e d  f r o m  i n p a t i e nt s  imost n e a r ly  cor responding
w i t h th e i r  d i s c h a r g e  p r o v i d i n g  48 hours  has
elapsed s i n c e t im e “POST ” da ta was obta i ned . The
u n a c cen t e d In t e rv en in g  blocks mna y he filled in

-, - 
with other  a p p r o p r i a t e l y  t im ed  tests, but are
opt iona l. if an autopsy is performed , the cause

of death and time results of ldstoln~~ic  ex am i n a t i o n
of tlmn kidneys by c o nv e n t i o na l  and crossed
p o l ar i zed l i g l mt m icroscopy shall he Included under
“cormentS.”

__________________________________
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5. ba ta Reporting Period

- - - Da ta on each recipient sh all be forwarded to both
repo sitory agents periodically , hut no less
frequently than every six months.

1V. Phase IV (Components)

Although not stric tly a clinical study, information
regarding y ields and storage chara cterist ics of p latelets ,
and yields of Cryoprecipitated Antilmemophm ilic Factor may be

ga thered in conjunct ion wi th each of t)me above phases.

Removal of platelets and/or cryopreci pita te from uni ts
primarily intended to fleet red cell requirements is widely

practice d by American blood banks . To manipulate similarl y
units stored and infused in other phases of this stud y is

appropriate , to as closely as possibl e duplicate actua l

- - current practices. Thus , Phase 1V s€udies will be conducted
concomitantly on units prepared and stored for other phases
of this protocol.

Study Design — Phase IV

A. Cenera l

‘To establish yields and s torage  behavior of p latelets ,
and yields of Cryoprecipitated Ant-ihemophilic Factor,
no less than twelve (3 2 )  donor u n i t s  of p l a te let
concentrate and/or cryoprecipitate will he eva luated by
each partici pant in Phase IV. Study methods shall be
at least as good as those outline d in A ppen dix D.

B. Unit Component Da ta (Cr11-lI Form B)

In for m at i o n  ga tlmer e (I under  Phase IV shal l  be en te red  on
cr11—I! Vornm B (Appendix A), which  is self—exp lanatory
as to time data requ ired . Portions of the form which do

not app ly to the conponent stud i~~d should be left

— blank . A separate sheet must he used for each ..

doi~,t io n .

C. Data Reporting -

Accumulated component data will he forwarded to both
data repository agents at ar..propriate intervals hut no
less frequently than every ninety (90) days. -

-— -
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• APPENI11X A

• Form s

I The following five forms are used for data reporting.
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—
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~ DDU~~~~~~~~~ ’CPD-II FOIU-1 A CODE
RED CELL SURVIVAL DATA 

_________________________

- 
- 

USE ONE SHEE1 FOR EACH STUDY

~OLUKT[IR 1DEwurIcAT 1Oi~:
- 

- 

NAM E 
____________________________________  

SSN El I I I  I I I  I I T ]
RAC E: 

~J CAUCASIAN 
~~ 

BLACK ~J OTHER -

AG E: I 1 YEARS 
- SEX: 

~J MAL E 
~J FEMAL E WEIGH T: I 1 1] LBS —

PREPHLEBOIOMY DONOR DATA:
HEMATOCRIT: J J ] . []% HEMOGLOBIN: [~f] . fl g/d~ MCV: I 1 II i~~~~

RED CELL COUNT: [3 . FT []x 106/pl RETICLJIOCYIES: I TI. []  % MCII I 11 ~‘~9G-6-PD:SC REEN: [JNEGATIVE [] POSIT IV E MCHC : [JjS - I

PERIPHERAL IIORPHOLOGY : ___________________________________ 
______ __________

UNIT DATA: BLOOD BAG CODE I I I I I I I LI LOT NUMBER f I I I II I I I I I 11
SUP [RNATAUT PLAS1IA : DAY 0 DAY 35

HEMOGLOBJN I I Il.EIJrn9/dl fl.~ J mg/d~ - STERiLITY CONFIRMAT ION
GLUCOSE • Fl I 1.11:) mg/dl FT f]. U mg/dl NEGATIVE 

-•

POTASSIUM []J.[3mEq/1 [] ].~~~ mEq/i 
- 

AEROBIC 4°C [3 - 

~~

- -

SODIUM IlLil ] mEq/1 h u l L  mEq/1 L
pH (AT []1PC) [ IJ .[ fl [][U ANAEROBIC 4 C [1 

-

~ o caLs: - 
AEROBIC 31CC Eli

HEI-tATOCRIT IL] .LI% I TI-lix A NA EROBIC 37°C 1] 
-

2,3 DPG L]1i. II1~ M/g Hb I i]. U ut -h g Fib -

AlP [ 11.11 t u g  Fib []i.I] t u g Fib

CL !!~icALJ NF US IOU RESPONSE: S ON I -4 HOt R 24 HOUR

PULSE PER thi N [[Ti [iT] LII[1
TEHPERATUR E (C) [ilL] Il 4, Hi 1] [II] [I -

BEOOD PRESSURE (uun Hg) I I Ji/l 1 11 I il/Il Li] I 111’ [1 U
UR INE Fib ]JJNEG [] POS Ii NEG [i POS NEG f J  ios

RED CELL SURV IVAL DATA: 
-

:o;-~iuflS:

_ _ _ _ _ _ _ _ _  ---~~~- - - - - - —--- ----- -—— ---- - - - “

INSTI1UTION fill - IIIV IS EI GA1 OR ’S SIGUATU RE I]( ]

- 

DAT E
S m 

~~~~~~~~~~~~~~~~~~~~ ~~~~~. -. .- . • -

— --  - ~~~~~~~~~~~~~~~~~~~~ 
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- - CPD-II FORII B CODE
— UNIT COMPflHEIIT DATA

USE SEPARATE SHEEf I-OR EACH UNIT

~QNOR INFORMATION : 
- 

. p~~.

- NAI IE _______________________________________  

SSN I 1 1  JI I III  I I 1 1 . 
—

RAC E: 
~J CAUCASIAN 113 BLACK [3 OTHER 

___________________

AGE: [JL] YEARS SEX: [3 MALE U FEIIALE WEIGHT : Ft I J IBS

HE MAI OCRIT : 1 11. f~j % HEMOGLOBIN: Liii. [] g/dl RETICIJIOCYTES: I I ] .  13%
PLATELET COUNT : fIJI 1 jj x  iO~ FACTOR V III: J31 I JIu/ml FIBR1IIOGEN I I ( J mg/dl ~

COLLECTION DURATION fIJLJ MINUTES Ill VACUUM [3 GRAV iTY

LATELET RECOVERY:

BAG WT: [f].[3gmS - TAREfJJ .[]gm = VOLUMEL1 ].[J nil x 103

x UNIT PLATELET CT. [J. Lii_il ix 106/pl = [I] .( I I x 10 30 PLATELETS PER UNiT

LA 1ELET STORAGE: IT1°C TEMPERATURE A GiTAT ION fJ Y ES LINO MOVEMENTS/MIN[L1

- 

- 

0 24 48 72

COUNT (x 106/pl ) - [].[]IJ] [ ] . [flIJ [ ] .[ I l i f l [ ] . [ ] ] Ii ~
pH AT [fl °C [] . [jJ [].[L] [] .LI1] [I. [II

~Y O P R E C I P I  TATE: 
-

~CTO R VIII: A SSAY S METHOD 
-

BAG WT. [fl ]]
. [ig - TARE J f l.  []~ 

= VOLU M E [fl. [3,-li

X FACT OR V I I I  
~
]. fj 1~i/ML YIELD [Ti]] Ip/DONOR UNIT 

-

• [flu ]%

LF~~i I~OGEN: ASSAY METHOD _____ ____

FI BRJ U OG E N f]]f]mg/dl x VOLUME 1I]~l1J . [J 
= YIELD [}111IG/OONOR UNIT

— 

100 E1]J%

- - 

I I(SIIIUIIOIII]t]  
--  - - iUV (Si1GAiOR’ S SiG~A1URE LJ D 

— 

I.’ — 

-
-- -~~~— - - -~~-~~-~~- -- ~~~~ -- --~ -~~~~ -~~~~— ~_ 
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CPU-li FORt-i ~ 

- 

I 

- -

~~~~~

• PAT IENT SUfIHARY I CODC
- USE ONE FORth FOR EACH PATIENT L —

• .~1I Lifl ~~ i 1  II It.M)OU :
- - 

NAME — 
HOSP NO. I I I I 1 1 1 ii ]

RACE: [JcAUCAS IAH 0 BLACK 0 OTHER 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

AGE: I ii] CALENDER UNI IS EJ YEARS EJ IIOUTIIS f J DAYS 
—

lIE IGHT: I I _Li POUNDS EJ MALE El FEMALE

ENTERED STUDY [] [][] [3 [][J TERMI NATED STUDY [3D ODD LI
M M D D Y Y  M M D D Y Y

CLINICAL DATA:

REASONS FOR TRANSFUS iON [3MEDI CAL [3SIJRGICAL

DIAGNOSIS 
-

if SU RG iCAL , OPERATIVE PROC EDURES MOl-ITH DAY YEAR

1. - 
-_______________ 

[Jillilli
2. _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _  FII LL] 1T1
3• _ _ _ _  _ _ _ _ _ _  

LiT] I ii U1~i E
PR[TRFWSFUSION PRO~UOSIS: [3 GOOD El POOR (R EASON) 

_________________

FOLLOW-UP: [3 II-IP~OVEU []NUT I(-lPkOV~D [3 ‘DEATH
IF DEATH , h AS 1W AUTOPSY PERFORMED? [3YES [3NO

TRAu sru S i ou SU~ht-iAR Y : -

TOTAL INFUSIONS (SPECIFY NUI1BER OF DONOR UNiTS OF APPROPRIATE PRODUCTS)

(IJWIIDLE BLOOD [] WASHED CELLS f]CRYO-POOR HP 
-

[13 PAC I~ED CELLS []CRYOPRECIP 1 TATE [] PLATEL ET CONCENTRATES

13 FROZEN CELLS [] FnE Su FROZEN PLASIIA 
~~ 

OTH ER.

su;-~-v~nY COI~4E IJTS ON RE SULT$ OF ALL INF USIONS , Wi TH CAUSE OF DEATH IF AUTOPSY

PERFOR -IED: -

_____

INSTITUT IO N j ][j SIGNATURE f~jJ[3
— DATE: 1]~

j  []J 1113 1 -

I
.n-.•
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DODD
- CPD-II FORM 11
- UNIT INFUSION DATA CODE 

-
.

-~ 4 
- USE SEPA~J~T~ SILtj 7 Fil t ~t~I UHul

* PATIENT NAME 
_______________________________  

HOSP NO. U 1 1 1 1 1 1 1 1
UNIT OATA: -

DONOR/UNIT NO. li I I I 1 1 BAG LOT NO. 1 1 I I I I I I I 1 1 1 1]
- 0 AUTOLOGOUS fJ HOIIOLOGOUS 

-

ANTICOAGULANT : fIJ CPD-II f J  CPD fJ OTHER 
—

I _~s—.:

- 
PRODUCT: Eli WHOLE BLOOD [3 WASHED CELLS [3 FRESH FROZEN PLASMA (FFP) ‘j

El PACKED CELLS f J  PLATELET CONG. [3 CRYO-POOR FFP

[] FROZEN CELLS [3 CRYOPRECIPITATE LI OTHER 
_____________

EXPIRATION DATE: [][][] [3 [1 [1]
M M D D Y V I-

INFUSION RECORD: 
- ____

THIS INFUSION WAS [Li] IN A SERIES OF ri I I OF TRANSFUSIONS
ML INFUSED I I ITI 

- 

DONOR UNITS INFUSED (POOLED c0MP0NENTs)LI I
DATE GiVEN flfIJflfJ 9[3 TIME iNFUSiON STARTED 000DIIOURS

M M D D Y Y

DURAT ION OF INFUSION : [jJ <1 HOUR - 1j3 1-3 HOURS [3 >3 HOURS 
____

INFUSION RESULTS: r

Was there a significant change in pulse , respiration , temperature , or any
other evidence of an acute adverse reaction associated with the infusion:

- 

- 

[3 ~io YES 
- -

If yes , describe the nature of the adverse reaction , and enter the appro-
priate data on CPD-II Form III.

-

INST ITUTION flfIJ SIGNATURE fJIJ
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— Toxic i t y Snmnmrv — Adcnin c 
- - - 

- -

-

s 
- The princi pal adv erse c f fc c t  in ani mals and man resulting f r om

ex cess ive ,tdeninc administration is nep hro to x icity (1 , 2 , 3,4) .
Nephroto x ic itV is thou ght to he related to precipitation of the
po orly soluble netabilite of adeni ne , 2 , 8 di hyd roxva den ine (DOA) , 

*

in t im uri nary tract (I). This metahol ite is produced by the
acti on of hepat ic xanthi ne oxidase on adenine (4).

An ima l Studies

Table I surunarizes nost published adenine toxicity studies in
anima ls (1 ,4,5) as ~ell as the extensive unpublished investigation s
of intravenously administered adenine by Garvin et al (2). -

Althoug h the LD50 for rats and mice for intra peritoneally
administered adenine is of the order of 200— 300 mg/kg (1), the LD50
for intravenous adenine has not been determine d because of
sol ubili ty limitations.

Acute , intraveno us administration of adenine , 50 mg/kg, causes
-

‘ neither renal dysfunction nor morp hologic lesions in normal and
dehydrated rats and mongrel dogs, although in one study a dose of
50 mg/kg administered as a sing le dose to rats did produce
transient elevations of serum urea nitrogen and renal crystal
formation . A dose of 25 mg/kg is well tolerated in unilaterally

nephrectoinized rats and normal Dalmatian (logs (2). Mild (<40 mg%)
transient (24 hours) blood urea n i t r o g e n  e l eva t ion  is the only
abnorma l i ty  noted at doses between 50 and 100 mg/kg in ra ts  (2) .
Baboo ns given 25 mg/kg IV du r ing  hemorrhag ic shock showed no -

di f fe rences  in renal  f unc t i on  upon recovery from shock when
compared to non—adenine treated animals (6).

Subacute intravenous administration of aden ine at 50 mg/kg/day for
16 days is well toh’rated by norma l ra t s , whi le  10 mg/kg/day for
15 days is well  t o l e ra t ed  in Da lm a t i a n  dogs (8) as wel l as in
Beag le dogs given 10 mg/kg/5-6X/week intravenously for three
weeks (5). }lonkevs (Hacaca irus) showed no evidence of tox ic i ty
given adenine 10 mg/kg/day, IV , for five days (7).

No t e ra tolog ic  sequelae were found in p regnan t  Ilol tzma n ra ts  and
Ne w Zealand r abb i t s  a d min i s t e r e d  i n t r avenous  adenine , 50 mg/kg ,
dur ing t h e  6— 15t l~ day of g e s t a t i o n  (2 ) .  -

Ihima n Studies

Kinetic studies in man 1~ave shown tha t intravenous adenine
disappea r s rap idl y f rom the c i r c u l a t i o n  w i t h  an e l i m i n a ti o n  h a l f —
life of 15—25 minutes (9,10). DOA binds ‘.o plasma proteins thereby —

Inhibiting preci pitation (19). During the first six hours post
infusion , approximately 15% of the injected dose appears unchanged
jn the urine , whereas 4% is excreted as DOA and 3% as 8—

La . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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hvdro xyadenin e (9 , 30 ). 11)dlc much of tho DOlt recov ered in the
- - - 

urine following a 10 mg/k g IV injection appears in crystalline
form , the mere presence of DOlt crystal s a t this adenine dosage ha~
not been shown to he associated with renal toxici ty (9).

Brief summaries of six human studies in which adenine wag
administered orall y or intravenously appear in Table 11 (3,9— 33).
In addition , thieve is evidence that tens of thousands of Swedish
and German patients have received adenine preser ved blood (at twice
the adenine concentration propo sed in this IND) without report of
serious toxicity (11 ,1 3—IS) .

Only one case of proven adenine toxicity has been reported (3). In
this patien t, approxima tely 71. 4 rng/kg* per day for five days was
administered orally in a misguided attemp t to trea t pernicious
anemia. The patient developed severe uremia hut recovered almost
completely (residua l blood urea nitrogen of 38 mgZ was the only
abnormal i ty)  (3) .

Nunerous s t u d i e s  a t t est  to t he s a f e t y  of a cu t e  in t r avenous
a dm i n i s t r at i o n  of adenine  to humans in doses up to 15 mg/kg
(equiva lent  to 60 u n i t s  of CPD—II ) (8,9,11—17). No immediate or
long te rm ( f i v e  yea r fol low-up)  t o x i c i t y  has been de tec ted  desp i te
e x t e n s iv e  renal function testing (9,13). Complete exchange

transfusions with •-idenine fortified blood in neonates had no

detectabl e physi cal , biochemical or renal effects and up to
five years later (13). - 

- -

Considerat ion of an upper limi t of adenine infusion dosage has

heretofore relied upon the presump tion that urinary DOA solubility

~as si milar to that in i~ater ( ~2 mg/i) (1). Rccen t  stud ie s ,
however , indica te that human u r i n e  d i s p lay s  a remarkable abili ty to -

maintain large quantities of DOlt in stable , supersaturated

concentrations both in vitro and in vivo (18).

Su~ra rv - . 
- - .

-- --- -- - ----

In summary, e x t e n s i v e  ev idence  suppo r t s  the conc lusion  tha t 10—
15 tng/ l g of a c u t e ly  infu sc-t l  a de n i n c  is not associated wit h serious -

tox i c i t y .  JOlt c r vs t a l lu r i a  Is to be expected , but does not imp ly -
r cnal damage. Ass~iming a d c q u at c  rena l f un c t i o n , ti O- 60 u n i t s  of
fresh CP D— II , a c u te l y adm i n i s t e r e d  and t o t a l l y av a i l a b l e  ( I .e . ,  not -

lost via liciorrliage ), would  appea r to he s a f e  for  each twen ty—
four hour period. - 

-

-,— i- .— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~‘- - —‘ ~r ’ :~~~~~~~~‘ 
-~~r - ~~~ •’~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ _  - —--v.v
~
,,.

- —3-

TABLE I - - AN IMAL STUDIES

Animal Route Dose Toxicity -

Mice (CFW , AXH) IP* Single LD50 — 335 mg/kg ( I )

Rat (W is teri) IP Single Li)50 — 198 mg/kg (1)

Rat Oral Sing le LD50 = 745 mg/kg (1)

- - Rat (normal) . IV~~ 50 mg/kg - No renal function changes
or lesions (2)

- - Rat (normal) - 
IV 50 mg/kg X 14 days No renal function changes

or lesions (2)

Rat (deh y drated ) IV - - 50 mg/k g No renal function changes
or lesions (2)

Rat (unilaterally 1V 25 mg/kg No renal func tion changes
nephrectomized) or lesions (2) 

-

Rat (normal) IV 50 mg/kg BUN elevated at 24 hours;
returned to normal at
68 hours , renal crystal

- 
- formation (2)

Dalmatian Dog - IV 25 mg/kg acutely Well tolerated (2)

Dalmatian Dog IV 10 mg/kg daily X Well tolerated (2) -

- 15 days

liongrel Dog IV 50 ang/kg acutely i-Jell tolerated (2)

Holtzman Rat IV 5O IDg/kg during No teratolog ic e(fe~ t (2)
6—15 th day of

- gestation - -

N . Z .  Rabb i t s  LV 50 mg/kg du r i ng  ?4o t e ra tolog ic  e f f e c t  (2)
6— 15th day of - - 

- -

- 
gcs t a tl o n - 

- 

- 
- - -

Beag l e Dogs IV JO mg/k g 5—6X/week Well tolerated (5) -

X3wec ks -

Uon)~ey (}Sacaca 1V 10 ing/kg/day X Well tolerated (7) —

!!u~~.) 
5 days 

- 
-

A IP Intraperitoneal

~ In t r av e n o u s

~~~ -~~~~~~~~ ‘ w W - ” .w. ,w~ r.-. - — ,~~ --~~~~~ - ~~y --.~~.-~
-— ----v, .~~-::,q-—~~ 
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TABLE 11 - IWIIAN STUDiES

I. Case rcport: dose 5000 mg/day orally x 6 1/2 days .
Developed severe uremia. Complete recovery except DUN
remai ned 32— 38 I1%gZ (3) . -

2. Case report: IV dose = 95 mg/kg over five days as ACD-adenine
blood. Died on th e seventh day of hemorrhagic shock : had
impaired renal function and renal crystalline deposits were
noted at autopsy ( 11).

3. Series : Five patients received 8.7 — 15.1 mg/kg as
ACD—adenine blood; all died within 12 hours of infusion of

- complications of open—heart surgery. No 2 , 8-DOlt crysta ls
in kidney tissues at -post mortem c~~m (11).

4. Ser ies: 118 patients IV dose 2 — 15 mg/kg as ACD-adenine
blood. No cha nges in serum creatinine up to 8 days following
infusion (12).

5. Series:  27  ch i ldren .  IV dose = up to 12 mg/kg as ACD-adenine
blood. Five years post—transfusion revealed no abnormalities
-in physical exam , serum crcatinine or pitressin test, nor any
evidence of renal damage (13).. 

- -

6. Case report: IV dose 10 mg/kg + tracer C1’ label. Plasma
disappearance hal f—l tfe 30 minutes . Six hour urine sample
contained 15% of dose ~~ ad eni ne, 4% as 2,8—DOA and 3% as
8-liy droxyadenine (10).

7. Series : 1V doses of 0, 5, 10 mg/kg. No changes in a wide
range of renal function tests acutely or 8 clays later. Tests
included an assessment of glomeru]ar $unction (creatinine
clearance , protein excretion), proxiv-~al tubular function
(amino .-icid and  glucose ex c r e t i o n ) ,  a nd d i s t a l  tu b u l a r
f u n c t i o n  ( ITvIx i in a l a c i d i fy i n g  and c o n c e n t ra t i n g  a b i l i t y) .
P lasma d i sap p e a ran c e  h a l f - - l i f e  25 minu tes . 4% of 10 mg/k g
do~ c w.as recovered as JOlt in the 

24 hour urine collection.
C r y s t al s  of 2,8—JOlt appeared in early ~ir1ncs. Urine was
possibl y stipers-iturated with 2 ,8—DOlt (up to 100 mg/l) (9).

_
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APPJ!ND1X C
Analysis of 1)ato

Cencral

Data collected on the proposed forms will he transcribed directly
• 

- 
to IBH cards . Do c umentation , da ta description and various
statistica l analyses will he performed using srss and D~W Programs
imp l emented via remote terminal (lAIR) on the CDC 7600 (Lav:,nce
Radiation Laboratorie s , Berkeley , CA).

- - Data red uction and summary statisti cs of the various demographic
and measured data will be computed using standard parametric
techniques (mean, standard deviation, standa rd error of the

- mean) (1). Whcró depar tures from normality render parametric
description sufficiently inaccurate , non—parametric techniques may

be used (median , per centiles) -(2).

Phase lÀ -— IJh ,ole Blood and Packed Red Cell Surv ival

A one-tai led test of the hypothesis that the mean Cm —Il RBC
survival is at least 70% (3) will he made using the Student ’s t—

test. It is fully expected on the basis of previous work (4,5)
tha t mean CPD—II RBC surviva l will exceed 70% for both whole blood

and packed cells , in which case under the above stated hypothesis,
no statistical test need he per fo rmed . However , in the event that
mean CPD—1I RBC survival is somewhat less than 10%, a minimum of

— 30 cases will be required to adequately test the null hypothesis 
-

tha t a mean surviva l of 63% (~ 10%) or lower is significantly 
less

than 70% at the p ~ .05 level (power .85) (6). Should a-
si gnificant departure from normality render the t—test invalid , the

Wilcoxin Stw~ test can be applied (2).

if a sufficien t nunber of cases is collected , an alternative data

analytic strategy is available. A “quality—control” approach would -

be a one—tailed test of the hypothesis that at least 15% of CP D— II
units evidence survival of 70% or greater. flie standard test of a -

samp le pró port ion against a populat ion proportion ~-,ould app ly I n
th is case (i)., rrom previous stud i es, the e> :pectation is tha t

greater than 15% of CPD--II u n i t s  will have survivals greater than
70% (4,5). hlowever , if less than 75% of CPD—I I units meet this

cr iterion, a minimum of 43 cases would he needed to e s tabl i sh  th at .  - -

60% or less Is a statisticall y significant departur e from the test- -

criterion (p ~~- .05, power = .60) (6) .

The RRC survival f~-ori whole blood and packed cells will be pooled
for the above tests unless both of the following conditions hold:
(1) a one—tailed , two--sanp ie t--tcst reveals that the mean surviva l

of packed cells is significantly l ess tha n tha t for whole blood 
- 

—

(p !. .05) and (2)  a one-tailed t—tcs t reveals tha t the packed cell
surviva l is si gnificantl y less than 70% (p ~ .05; if n 

15 .ind

survival is 65% ! 10%, power .60) (6).
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D~fjnjtjofl of the trtclinfcal aspects of the protocol requires that

certain minima l guidelines for developing da ta pointa be
established . Any technique utilized shou ld be at least as good as
those defined in this appendix. In genera l, kinetic enz’unatfc -

assays are preferable to color imetric m et h ods. The nethods used by
each investigator shall he supp lied to the da ta repository agents.

A. Red Cell Hemoglobin

ThiS shall be obtained by a cyanomethemoglobin technique.

B. hlemna tocrit

The microhematoCrit technique , or Coulter “S” method , shall
be used .

C. Plasr~ Hemoglobin

Utilization of the optical density of an aliquot of the

plasma read at 540 nun and plotted against a standard curve
of hemoglobin at 540 nun is acceptable.

D. Reticulncytc Count

Standard reticulocyte staining methods utilizing supravital
stains shall he utilized with counting of at least
1,000 RRCs.

E. Plasma Sodium and Potassium -

Flame photometry with internal lithium standard shall he -

utilized.

F. Cl ucose

While no widely—used j-uetbod for determ ination of glucose
levels i s  consi~1ercd the p r e m i e r  appr ~ och , severa l  d i f f e r e n t
t e c h ni ques prod uce a c c e p tab l e  r esul  ts.  These uetliods
i nch  ‘uh e: (1) The color change  of al l-a]  inc  l er r i c y a n i d e  when
i t  reacts w i t h glucose and is read a t  450 mm ( th i s  t echn ique
is easi ly  adap tab l e  to the Autoa na lyzer  (1 , 2 ) ] ;  -

(2) U t i l i z a t i o n  of hcxokinasc  to p hosp hi ory l a t e  g lucose (3) .
The phosphory l a t e d  glucose is then cc~nverted to
6 phosphogluconic aci d by glucose 6 phospha t e  dehy d rogenase
(C(,)’I)) , and the Inc reas e in opt ic a l  dens i ty as KM)P is
converted to NAh)i’II is read in a spectrophotometcr or
spcctrou luoromcter. - 

—
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C. Ade nosine 5’—Tr iphosphate (ATP )

AT)’ is utilized to phosphiorylate either glucose (4) or 3— 
-

phosphoglvcer ic acid (5) . The reaction produc t is then
coup led through an enzy me reaction to reduce NADP
(g lucose Rx ) or ox id ize  HMMI (3 PCA Rx) . The resultant
change in optical density is read spectrophio to metr ica l]y or
sp ectr o f luoro nu etr ic a] ly. Equally acceptable are techniques
which utilize the firefly bioluminescence as an indicator of -

AT)’ levels.

U. 2,3 Diphosphoglyceric Acid (2,3—DPC)

The cnzyn .at lc methods based on either of the following
princip les are acceptable: Utilization of 2,3—DPC as a co—
factor in the monopbosphoglycerate nuutase reaction or,
alternativel y,  reactions in which 2 ,3— DPC is used as a
substrate in the 1,3 diphosphoglyceric acid NADII linked
reaction (6 ,7,8,9).

I. pH

Determination of the phi of the stor ed blood preferably shall
hc made anaerobically at 4°C, room temperat ure , or 37°C. If
obtained at other than 4°C, the temperature at which the pH
was determined shall he repor ted .  -

3. Ervtbrocyte Surviva l Stud ies -

Acceptable tech niques shall he those in which an aliquot of
cells at the end of storage is labeled with Cr~~ . The
methods utilized are to conform to the recommendations of - -

the International Committee for Standardization in
h e matology (12). The dose of Cr 51 should never exceed
1 .5 pCi/kg body weigh’t, and the ali qubt of cells tagged
should he 30-50 ml . A preinfusion blood sample from the -
r eci p ien t  for  b a s e l i n e  c o u n ti n g  Is obtained . The labeled
ali quot of cells is then injected Into the reci pient , and
blood specimens arc obtained every five minutes for the
first 20 minutes , then at 30 and 60 mi n u t es , and f i n a l l y  -

24 hours  p o s t i nfu s i on .  The Specimens should  be obtained
from a vein  other than the one in which t h e  o r ig ina l samp le
w~us injccted . Solid heparin or EUTA should be the
anticoagulant. E x t r a p o l a t i o n  of the Cc 51 counts back to
tine zero will allow accurate determ ination of the blood
volume . Alternatively, a double isotope technique in which
1)25 ~~ used to label albumin and , thus, 

determine p1ass~
volume at the tine Cr5’ cells are reinjecteci Is
acceptabl e (13). Counting of the specim ens in a ga mma

- 
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counter should he undertaken in lvsed aamp le~ (Water , Sterox
or Saponin).

K. Blood Urea Nitrogen

An autoanalyzer method which utilizes diacety l monoxiu~e or a
related compound will be acceptabl e for analys is of this
compound in recipients of banked blood.

L. Creatinine

Shall he determined by utilization of a technique which
quantitates the formation of red pigment with alkaline
creatinifle picrate.

H. Urine Ub 
-

Presence or absence of hemoglobin in urine will he
dete rmined by use of a “di pst ick” ordinarily utilized in
urine screening tests, accompanied by a posi tive control to
insur e reactivity of the stick. -

N. Platelets will he enumerated by phase contrast
ruicroscopv (14).

0. Factor Vii! shall be determined by a one—stage assay
emp loying a congenitally—deficient substrate, with
factor Viii activi ty 1-:no~-’n to he less than 1.0% and an
activated partial thromboplastin reagent. No less than two
dilutions shall he determined in duplicate (15,16).

—
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10. An outline of any phase or phases of the planned
investigations .

Details of the planned investigations are given in the clinical
pro tocol as shown on the following pages.
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Prolonged maintenance of 2,3-DPG in liquid blood

storage: Use of an internal CO2 trap to stabilize pH

THOMAS A. BENSINCER, RAM K. CHILLAR. and ERNEST BEUTLER
Duo rfr , call:

A close relationship exists between the decrease in concentration ot
- 

- 2.3-diphosphoglycerate (2 ,3-DPG) and a fall in the pH of stored blood . Buff ering the
stored red cells with bicarbonate is one solution to the problem of maintaining pH
dunng storage. The effectiveness of this buffer depends upon loss from the stored
blood of carbonic acid in the form of CO2. We describe a system in which the CO2 is
trapped in a small internal package which contains calcium hydroxide , or calcium
hydroxide embedded in Silastic. A medium containing bicarbonate, adenine , glucose,
phosphate and mannitol (BAGPM) is added after initial packing of the erythrocytes.
With this approach , it has been possible to maintain 2,3-DPG at 92 percent of
origi nal , and ATP was approximately 62 percent of initial levels at the end of 42 days
of storage if an internal Silastic bag containing calcium was used in bags agitated
once weekly. More frequent agitation (five times weekly) produced acceptable
maintena nce of both 2,3-DPG (78 percent of original) and ATP (44 percent of
origi nal) after 42 days of storage when a Silastic block impregnated with calcium
hydroxide was utilized to absorb CO2.

The increase in hydrogen ion concentration occu~~ing during conventional liquid
storage of blood is well documented , ’ A close t-elauonship exists between the p1-I of stored
blood and the concentration of critical intermediates such as 2,3-diphosphogl ycerate
(2 3-DPG) and adenosine trip hosphate (ATP ) . 2

~ Alkaline storage conditions promote —

preservation of 2.3-DPG but cause a decrease in ATP concentration ” ‘ Converse! , more
acidic conditions are associated with a loss of 2.3-DPG while maintaining more normal
AlP concentrations. : -

A buffer system in the blood storage medium might provide stabilization of pt-1 during
storage. However , most nontoxic butkrs with a p K~ in the appropriate range f~r blood
storage have proved to be unsatisfactory. Phosphate accelerates glvcolvsis . thus hastening
the formation of lactate. ” Tris helps maintai n a relativ ely constant pH but has led to a
rapid decrease in ATP while mainta ining 2,3-DPG concentrations. ° This may be du e to
phosphorylat ion in red cells of Iris.5 loading the et-ythroc-vte with an osmoticall y active
substance and possibly depriving it of ATP. Bicarbonat e is a normal constituent of blood. It

From the Department of Surgery . Letterman Army Ins t i tu te  of Research . Presidio of San Francisco . and
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Fig. 1. Diagrammatic presentation of BAG PM storage method . A, The blood is drawn into a primary
bag with ACD anticoagulant and the “inner baggie” containing Ca(OH)2. The BAGPM medium is in a
satellite bag. The combination is centrifuged , and the plasma is pressed into an empty satellite bag
(B). C, The BAGPM is then added to the packed cells from the satellite bag.

was originally used as an experimental buffer because, although its pK a is qu ite low, very
high concentrations of this nontoxic material could be employed. ‘° Bicarbonate buffer was
found to be especially effective when carbon dioxide produced from carbonic acid escaped
from the plastic blood bag, much as CO2 loss from the lung prevents acidosis.~

However , these earlier studies revealed the rate of CO2 loss to be greatly dependent on
the composition and size of the blood bag)° This report introduces an alternative method
for removal of CO2 with the use of an internal CO2 trap.

MaterIals and methods
F The CO5 absorber , termed a ‘ baggie ,” was inserted by opening the bottom of an empty 600 ml.

transfer pack (Fenwal PL 130 plastic) and then resealing with a hot iron and autoclaving for 20
minutes at 121°C. The baggle° consisted of a 0.012 inch thick Silastic bag which was 80 mm. lon g by

Genero usly supplied by Mr. Eldon Fritch , Dow Coming Co. . Midla nd, Mich.
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Fig. 2. The cumulative ‘4(~bicarbonate loss per week In percent (—) and the change in pH ( 
are both plotted against days. The amount of ‘~C-hteaxbonate lost is about 84.5 percent by 42 days. and
the pH has dropped from 7.75 on day zero to 7.49 on day 42. This reveals the buffering ability of the
bicarbonate system.

60 mm. wide and contained 6 gm. of granular calcium hydroxide. A further modification of this
internal CO2 absorber was employed in additional studies. It consists of a block of Silastic° 3.0 by 3.0
by 1 cm . containing 17 percent calcium hydroxide by weight. This CO2 absorber, termed a “blockie ”
was inserted into the 600 ml, transfer packs in the same manner as the baggie.

Four hundred and fifty milliliters of blood ‘were collected from normal healthy adult donors into
67.5 mJ. of acid-citrate-dextrose (ACD) (NIH formula A), The blood was allowed to stand for 1510 30
minutes at room temperature intl then was centrifuged at 4° C. at 4,500 x g for 5 to 10 minutes in a
Sorvall RC-3 centrifuge with a swinging bucket rotor. The plasma and buf1~r coat were both pressed
off , and 200 ml. of preservative solution (BAGPM) containing 101.4 mM sodium bicarbonate
(NaHCO3), 14.3 mM sodium carbonate (Na2CO3), 1 mM bisodium phosp1iate (Na5HPO4). 1 mM
ademne, 55 mM glucose, and 0.5 percent mannitol was added for each volume of plasma expressed. 7
After gentle but thorough mixing, the red cell suspension was aseptically transferred into the bag
containing the baggle or blockie. A schematic drawing of how such a system might be reduced to
practice Is shown in Fig. 1. The red cells were then stored at 4° C. for 42 days and agitated for I
minute. either once at the time of sampling or five times weekly, to ensure thorough mixing.

Erythrocyte AlP was quantitated by the hexokinase method,’2 and the concentration of 2.3-DPG
was measured by a modification of the technique of Krlmsky. ’t The pH was determined by a
technique which allowed anaerobic measurements at 0 to 45 C.’~

The loss of bicarbonate front the blood as CO2 during storage with the baggie was measured by
use of HC~bicarbonate added to the BAGPM media The bags were placed in sealed dessicator jars ,
each containing a small beaker partially filled with dlmethylbenzyl ammonium hydroxide (Hyamine).
which because of Its high pH, absorbs CO5 quantitatively. At weekly Intervals , the jars were opened,

- - 
. and the Hyamlne was removed, counted, and replaced with fresh Hyamine. A 0.5 ml. sample of

well-mixed, stored red cell suspension was removed weekly from the storage bag (at the time of blood
collection for all other studies). The sample was then placed in a Warburg fl ask contaIning 2.5 ml. of
distilled water in the bottom with 0.2 ml. of Hyamine In the center well and 0.5 ml. of 30 percent
trichioracetic acid (TCA) in the side arm. The flask was sealed, and the TCA was tipped Into the flask
to convert all bicarbonate to CO2. After 2.5 hours’ incubation at 37° C. in a metabolic shaker , the
Hyamine was removed and counted.

•Generously supplIed by Mr. Eldon Fritch , Dow Corning Co.. Midland. Mich.
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METABOLIC PARAMETERS IN BAGPM STORED BLOOD
FI g. 3. The pH , ATP, and 2,3-DPG levels of the blood stored with the baggie or blockie are plotted for
42 days of storage. The units stored with the baggie were agitated once weekly (—--— --)  or five times
per week (—). The units stored with the “blockie” were either agitated once weekly ( 
or five times per week ( ). The results reveal the critical drop in AlP which occurs when the pH
rises durin g storage, i.e., units stored with baggle and agitated five times a week.
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Results
A total of’ 6 unIts of blood were stored in BAGPM with the baggie and agitated once a

week. The pH remained in a very narrow range for the 42 days of storage. beginning at
7.76 ± 0.1 (S.E.M.) on day zero, peaking at 7.79 ± 0.2 on day 7, and dropping to
7.49 ± 0.09 on day 42 (Fig. 2). By the forty second day, 84.5 ± 1.4 percent of the bicar-
bonate originally present was lost (Fig. 2). About 2 percent of the total CO2 loss per week —

was found to be attributable to CO2 diffusing externally from the bag. In the three units
containing the baggie which were agitated five times weekly, the pH rose 4nore abruptly
from the 7.75 ± 0.01 on day zero to 7.97 ± 0.02 on day 28 and remained at 7.81 ± 0.04 on
day 42 (Fig. 3).

Erythrocyte 2.3-DPG was well maintained in the BAGPM baggie storage medium.
The levels dropped from 13.05 ± 0.78 ~amol/gm . Hgb on day zero to 11.36 ± 3.32 /Lmol/
gm. Hgb on day 42 in the units agitated once weekly (Fig. 3). The 2,3-DPG concentration
of red cells in units agitated five times per week actually rose from 11.04 ± 0.78 fimol/gm.
Hgb on day zero to 13.34 ± 1.35 iamol/gm. Hgb on day 42 (Fig. 3). ATP levels reflected
markedly the difference in the pH milieu. The AlP was 3.59 ± 0.1 jzmol/gm. Hgb on day
zero and 2.05 ± 0.41 ~rmol/gm. Hgb on day 42 in the units agitated once weekly (Fig. 3).
Units agitated five times weekly had an initial ATP level of 3.38 ± 0.04 ~zmol/gm. on day
zero and 0.56 ± 0.12 Mmol/gm. Hgb on day 42 (Fig. 3).

Four units of blood were stored in BAGPM with the blockie and agitated one time per
week. The pH ranged from a high of 7.82 ± 0.02 on day 7 to 7.41 ± 0.03 on day 42 (Fi g.
3). Seven units containing the BAGPM-blockie combination were agitated five times
weekly, and these units maintained their pH at 7.86 ± 0.03 on day zero to 7.55 ± 0.08 on
day 42 (Fig. 3).

Intracellular 2,3-DPG which was 13.16 ± 0.88 ~mol/gm. Hgb on day zero was
10.22 ± 2.35 ~tmolfgm. Hgb on day 42 in the units stored with BAGPM-bloc kie combina-
tion that were agitated five times weekly (Fig. 3). 2,3-DPG. which was originally
15.3 ± 1.61 ~zmol/gm. at the time of drawing, was 10.13 ± 1.20 ~.tmolIgm. Hgb on day 42
if the BAGPM-blockie system was agitated once weekly. AlP concentrations in the eryth-
rocytes stored in the BAGPM medium with Silastic blocks were better maintained than
the ATP levels of the Silastic baggies. In the units agitated once weekly, the day 42 ATP
was 2.40 ± 0.64 ~amo1/gm. Hgb (Fig. 3). The blood agitated five times weekly had ATP
levels of 1.88 ± 0.26 ~.tmo1/gm. Hgb after 42 days of storage (Fig. 3).

Discussion

Maintenance of both 2,3-DPG and ATP at as close to original concentrations as
possible for long periods of liquid storage appears to be desirable. One possible approach to
this goal is development of a buffer system which will stabilize the hydrogen ion concen-
tration during storage.

A bicarbonate buffer system might seem unsatisfactory for blood stora ge because the
pK5 of this system is approximately 6.6 at 0° C. ’4 and offers relatively little buffering
capacity in the pH range of 7.4 to 7.6, However , the loss of CO2 from the blood allows this
system to functio n in a highly efficient manner. The following reactions are involved:

Glucose

H~Lac + Na~HCO~ Na~ Lae + H,C03
car bonic anhydrase

H ,CO, - H20 + CO2

Previous studies have demonstrated th at the surface-to-volume ratio is of critical
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— importance in determining the rate of CO2 loss through plastic bags. ” Satisfactory results
were obtained only in small bags of’ 75 m l .  capacity. Larger capacity bags, such as t hose
utilized with a full unit of blood , were not satisfitctory when the bag was made from
polyvmvlchloride plastic ol’ 0.015 inch thickness. Other plastics including polyethylene .
silicon rubbe r , and polvvinvlchloride-coat ed s~~con rubber were studied by us and have
been found to permit either too much or too little permeation to CO2. thus causing an
unacceptably high or low pH. The development of an internal absorption system. consist-
ing of a small Silastic bag containing calcium hydroxide or a Silastic block impregnated
with calcium hydroxide , has been shown to be effective in maintaining pH. and therefore
ATP and 2.3-DPG, at levels considered to be consistent with greater than 70 percent
survival on reinhi sion. “ The loss of radioactive bicarbon ate from the storage medium
demonstrated that CO2 is absorbed by the calcium hydroxide in the act of buffering.

The abrupt loss of’ AlP noted in the three units containing the baggie which w ere
agitated five times per week reveals one of the problems associated with a storage system
utilizing a diffusion gradient (of’ C02) to maintain pH. This difficulty appears to have been
overcome by em bedding the calcium hydroxide in a Silastic block and thereby apparently
changing the rate of loss of CO2 from the bag.

Although no in vivo erythrocyte survivals were undertaken in this stud y, it has been
previously demonstrated that erythrocytes stored in artificial media containing bicarbonate
hav e satisfactory survival on reinfusion through 6 weeks of storage.’°

The authors gratefully acknowledge the technical help of Judy Metro and Sp-5 Victor Cheong.
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Maintenance of low screen filtration pressure in blood
stored In a new liquid medium: BAGPM

R. K. CHILLA R, T. A. BENSING ER . and E. BEUTLER Duarte , Calif

Formation of microag~ egates in blood stored in conventional media is reflected by
rapidly rising screen filtration pressure (SFP). We show that the BAGPM
(bicarbonate, adenine, glucose, phosphate, and mannitol) blood preservation system
maintains SFP at near normal levels throughout the storage period of 42 days.
Whenever the SFP had a tendency to rise in BAGPM blood , filtration through a
routine in-line blood filter reverted SFP back to baseline levels. Blood from the same
donors stored in citrate-phosphate-dextrose (CPD) adenine had a rapidly rising SFP

- - by 7 to 14 days of storage. Filtration through the routine blood filter had no effect on
the SFP of blood stored in CPD-adenine, CPD, or ACO. BAGPM not only maintains
adequate levels of ATP and 2,3-diphosphoglyceric acid (2,3-DPG) during full 42 days
of storage but also oilers a unique system in wttich microparticulate material is
prevented from forming, with maintenance of a low SFP, perhaps because of its low
leukocyte , platelet , and fibrinogeri content.

\\Then blood is stored by conventional methods in liquid media, the pressure
required to maintain flow through fine-mesh screen , the screen filtration pressure (SFP),
rises rapidly as storage time increases* 2 This increase in SFP is due to the formation of
minute particles as the result of interaction between blood cells and possibly plasma
fibrino gen. 3 When transfused , such particles , which are designated microaggregates. may
result in harmful systemic effects especially to the lung and central nervous system. b”

Experimentally the deleterious effects of microaggregates have been prevented by their
removal by filtration through specially designed very fine filters. 7-9 However , maintaining
a flow rate through such filters is a major problem, which becomes most apparent when
massive transfusion therap y is needed. It is under these very circumstances that the
damage to the microcirculation by the microaggregates is likely to be greatest.

BAGPM is used in a relatively newly developed blood storage system in which the
plasma and buffy coat are removed and the red cells are preserved at 4° C. in a medium

— containing bicarbonate , adenine , glucose . phosphate , and mannitol . In previous investiga-
- 

. tions, ’3’ ~‘ we demonstrated that this system provided satisfactory levels of adenosine
triphosphate (AlP) and 2.3-diphosphoglyceric acid (2,3-DPG ) for at least 42 days. We now
show that red cells collected in BAGPM maintain a low SFP throughout storage.

From the Department of Hematology, City of Hope Medical Center, Duan e. Calif.
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Fig . 1. Screen fi ltration pressure readings (mean ± S. E.) of blood stored in CPD-adenine (n = 6) and
BAGPM (it = 12) during 42 days of storage at 4° C.

Table 1. Comparison of SFP (mm. H g) in blood preserved in CPD-adenine and BACPM
at various intervals

Days of storage

Storage medium 0 14 28 42

Mixed once a week:
CPD-adenine (n = 6) 22.33 ± 4.46’ >200 >200 >200
BAGPM (n = 12) 14.75 ± 0.80 25.91 ± 3.57 32.25 ± 3.73 42.75 ± 6.13

M ixed 5 times a week:
BAGP M (U)t (n = 4) 9.50 ± 0.90 42.50 ± 9.26 106 ± 24.70 >200
BAGPM (F) (n = 4) — — 24.25 ± 1.93 20.25 ± 4.19

Mean ± S.E.M.
t (U) = SFP of unfiltered samples.

SFP of same samples as in BAGPM (U) after filtration when readings were >50 mm. Hg.

Materials and methods
Healthy volunteers served as donors. Storage of 450 ml. units of blood in BAGPM medium was

can ted out as previously described. ” Unless otherwise indicated, all of the units studied had an
internal CO2 trap consisting of either a “baggie ” or a “blockie” containing calcium hydroxide, a system
we describe elsewhere. ’5 An additional 100cc. of blood from six of the 12 volun teers was preserved in
modified citrate-p hosphate-dextrose (CPD)-adenine ’8 at the same time for comparison of the SFP
results. SFP readings of blood stored In ACD or CPD withou t adenine did not differ significantly from
that of CPD-adenine blood when compared in 3 units of each. If the SFP reading was higher than 50
mm. H g, each sample was filtered throug h a standard lange-pore blood filter (McGaw Laboratories.
Inc.. Glendale, Calif.). Such filters are used routinely to remove fibnn clots in transfusion of blood and
packed cells. Thefr pore size averages 164 j.e in diameter , and they are inexpensive and offer little
resistance to the rapid infusion of blood.

SFP’s were measured with a Swank filtration apparawsi? under identical conditions for BAGPM
and CPD-adenine blood. Values presented represent the mean of the dup licate measurements of each
sample at 370 C. (Table 1).

R sults
SFP of fresh BACPM blood with hematocrit ~dues of 40 to 50 percent was

14.75 ± 0,80 mm. Hg (mean ± S.E.M.) and that of CPD-adenine blood with hematocrits

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
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Fig. 2. Screen filtra tion pressure (mean ± S E,) in 4 units of blood stored in BAGPM . Whenever SFP
was higher than 50 mm. Hg, samples were filtered through a large-pore blood filter.

~f 37 to 42 percent was 22.33 ± 4.46 mm. Hg. Striking divergence in the SFP of blood in
the two storage media occurred as the time of storage progressed. By the seventh day of
storage the SFP of CPD-adenine blood was over 200 mm. Hg, and by the fourteenth day it
exceeded the 500 mm. Hg limits of the instrument even if filtered with the large-pore

— blood filter. Since the SFP readings of these systems were markedly different , subsequent
readings of SFP were measured with instrument limits set at 0 to 200 mm. Hg range only,
as shown in Fig. 1. The fact that the SFP of BAGPM blood units stored without the internal
calcium hydroxide trap was essentially the same as of those with the baggie or blockie
(results not shown) rules out Ca(OH)2 as a contributor to this low SFP in BAGPM system.
Blood stored in CPD or ACD without adenine had similar SFP readings when tested. In
some BAGPM units stored with either baggie and blockie which were mixed five times a
week, there was a tendency for SFP to rise by the twenty first day of storage when
measured without passing through the conventional blood filter , but the SFP always
reverted to the baseline readings when measured after filtering through the blood filter
(FIg. 2). No such effect of the blood filter on CPD-adenine blood could be demonstrated:
the SFP did not differ with or without filtration.

It was noted that at the time of the rise of SFP of unfiltered BAGPM blood, large pieces
of a gelatinous coagulum could be observed in the suspended red cells. In control studies
with blood collected in BAGPM without C02-absorbing blockies or baggies, the same
coagulum was found. The effect of the standard blood filter on the SFP of BAGPM blood
could readily be explained by removal of this material. When examined microscopically on
Wright-stained smears or in wet preparation, this material appeared to have no definite
structure. When dissolved in 6M urea, absorbance readings at 260 and 280 nm.~ indicated
a protein content of 0.07 mg./ml. and a nucleic acid content of 0.005 mg /mI. which were
comparable with the protein and nucleic acid concentration of 0.09 mg.Iml. and 0.005
mg./mI.. respectively, when a similar quantity of a freshly prepared buffy coat was dis-
solved in 6M urea. This findin g indicated that even though It appeared amorphous, the
gelatinous material was derived largely from leukocytes and platelets; It could not have
been formed primarily from plasma proteins, which would not have a ultraviolet (UV)
absorbing peak at 260 nm.

In six BAGPM units we found that the white blood cell (WBC) count was about 65 
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• percent of that in patients’ original blood but only 10 percent of the platelets remained and
the fi bnnogen level was less than 48 mg./lOOmJ. (the lower limit of our laboratory’s
measurement). Fibrinogen content in CPD-adenine blood was in the normal range (250 to
350 mg./I00 ml.). Of the white cells, over 95 percent were granulocytes. One unit of
freshly collected red cells suspended in BAG PM was filtered through a mixture of micro-
crystalline and a-cellulose, which has been shown to remove over 99 percent of the leuko-
cytes and most of the platelets. ’9 No gelatinous coagulum formed , and the SFP remained
essentially unchanged throughout the storage period of 35 days.

Discussion
Microaggregates are potentially harmful to patients undergoing blood transfusion

therapy. 4 6  They may result in partial occlusion of the pulmonary mjcrovasculature, the
first portion of the microcirculation to be traversed by such particles. The occurrence of
unexplained pulmonary changes in massively transfused patients has lent support to this
concept. ’° ’2 In cardiac-bypass surgery , microparticles may produce similar effects in the
systemic microcirculation.2°

The main conthbuting elements to these microaggregates appear to be platelets,
leukocytes, and fibnnogen which interact in some way between the third to seventh day of
storage of blood in CPD or ACD, at which time SFP starts rising.3 Substantial reduction of
the number of platelets and concentration of fibrinogen and only moderate reduction in
numbers of WBC’s by the initial process of centrifugation in the BAGPM system seem to
play a major role in decreasing formation of microaggregates. The SFP remains in the
normal range or rises only slightly in blood stored in BAGPM. Even when the SFP does
increase, simple filtration through an ordinary in-line filter brings the SFP back to baseline
levels (Fig. 2). Although the somewhat reduced leukocyte count of BAGPM blood and its
greatly reduced platelet count and fibrinogen content seem to play a role in the failure of
the SFP to rise during storage, it seems clear that this is by no means the only explanation .
What seems to occur during storage of blood in BAGPM is the coalescence of the remain-
ing leukocytes and platelets into large gelatinous aggregates which either remain in the
blood bag or which are easily filtered out by coarse in-line transfusion filters. A similar
gelatinous coagulum is also reported to occur in frozen red cells2’ as well as in stored
platelets. 22 The normal microscopic appearance of WBC’s is lost when they are examined
within 24 hours of storage of BAGPM medium. The identity of the gelatinous material with
aggregated leukocytes and platelets is suggested by its high nucleic acid content and is
confirmed by its failure to form when leukocytes and platelets are removed by filtration
through cellulose powder.

It is not certain why this aggregation occurs, but it may be due to the high pH and the
low protein concentration of the system.

Other means of preventing the infusion of microaggregates are also known, but these
are expensive and inconvenient. The primary approach to this problem has been the
removal of these microparticles by the use of specially designed filters rather than preven-
tion of formation of such material. 2. 23 However some such filters are relatively ineffective,
and all are expensive and impede the rapid flow of blood required for the treatment of
patients with massive blood loss.zl The diminished number of platelets and leukocytes in
frozen red cell preparations also results in reduced microaggregate formation. ~‘

Our studies demonstrate that in addition to the other advantages which appear to be
inherent in the BAGPM system—salvage of labile formed elements and plasma fractions,

J
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relatively low cost , excellent preservation of viability and oxygen transport characteristics.
• low levels of potassium and citrate, and possibly reduced inoculum of hepatitis viruses—

BAGPM may provide a red cell preparation which is relatively free of microaggregates.
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