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~~~L~’_!1~ !J ~~‘i~t~ ~~~~~
D u r i n g  t h e  p a s t  yea r , we c o m p l e t e d  s t ud i e s  d e f i n i n g  t h e

f a t e  of  10—day o l d  p l a t e l e t s  t r a n s f u s e d  i n t o  a n i m a l s .  We
c o n t i n u e d  our  work  on blood f i l t e r  e v a l u a t i o n  and  e v a l u a t e d
the  e f f e c t s  of o ld  p l a t e l e t s  on f r e s h  p l a t e let s .  In  a d d i t i o n ,
we were ab le  t o  in v e s t i g a t e  t h e  p h e n o m e n o n  of “ deb r i s ’ f o r m a t i o n
in  g r e a t e r  d e t a i l  , s p e c i f i c a l l y  lo o k i ng  a t  m ic r o a g g r(~gates  of
l ) l at e i et s  ].n s t or e d  and  f r e s h  1) 100(1 . We :i l  so ( ‘Va I (laI,(’(l c i i i ’ i ’ t’n t . l V

used m e t h o d s  fo r  micr oaggrega  Ic ( d e b r i s )  c o u n t i n g  in  st o r e d  b lood
and were able  to deve lop  a new and  m u c h  more r ’ l  I a b le  m e t h o d
F i n a l l y ,  we C o m j ) l e  ted som e of  liii’ work f o r  W h ich  we were  no t
spec.i f i c a l l y  f u n d e d  l a s t  y e a r .  U s i n g  g e n e r a l  l a b  f u n d s  we
purchased  an ima. 1 s and our  e x i s t  i ng  t e c h i n  lea 1 st a I f cornj~ 1 e t e l l
a ser ies  of  shocked , t r a u m a t i z e d  a n i m a l s  r e c e i vi n g  e i t h e r  f r e s h
or stored whole  blood .

I .  M i cr o ag gr e g a  L (’ or Debr i s  II’oI.lIlaL ion

I t  has  been wel l  documented  by ourse lves  and o the r s  t h a t
s tored blood d e v e l o p s  p l a t e l e t  m i c r o aggr e g a t e s .  1, 2 Furthermore ,
m i c r o a g g r e g at e s  deve lop  in v i v o  in  f r e s h  b lood  i n  c e r t a i n
situations (i.e. , shock , t r a u m a  a n d/ o r  i s c h e m i a)  and  can be
induced by a variety of agents (ADP , collagen , epinephrine). 3’4’5

Dur ing the pas t yea r , we have completed methodological work on
m icroaggregate counting, evaluated a new b l o o d  u l t r a f i l t e r ,
studied the fa te on non-aggregated platelets in stored blood and
begun work on m e t h o d s  of measuring platelet niicroaggregate
forma tion in vivo in certain extreme clinical situations such
as hemorrhagic shock .

A. Method ological Studies: Our first efforts this year
were directed at establishing a reliable method of counting
microaggregales or ciebr i.s in s to red  blood . Tin s i n v o l v e d
detailed me tilodo t ogic eval  u at i on  of a va r  ie of hemol zi ng
a g e n t s  at  di f f e r e n t  c o n c e n t r a t i o n s  on s t or e d  b lood and  p l a t e le t
r i c h  p l a s m a . I t  was shown t h a t ;  sapon i n , i n  u s u a l  c o nc en t r a t i o n s
as descr ibed  by Sol is  and  co—workers , 6’ 7 causes the  f o r m a t i o n  o f
new agfr r e~~a t e s  i n  f r e s h  w h o l e  blood and p l a t e l e t  r i c h  p la sma  and
reduces  vo lume  and  n u m b e r  of  microaggregates in stored samples.
We a so Irvi ~.aId a me t hod o f  ( ‘o l I f l  l : i  r i g  m i  e r o n g g r ( ’g n  I (‘5 I I I  St.0t’(’(I
1 ) 1 1 1 1 1 ( 1  i s l  l i t ’ :  i i i  i ’  h’i ’ I  i’ , t i i  I .  ~~~~ i t ’ t l ’  V ’. I I I I I I I  I i ’ i~~ t l i I i  l l t ’  I h ’  Il~~~i i l  I
l f l ( ’ I I l ( l l I  ‘5V i  l it  I i ( ’ I l l l I I 1 ~’ I .  i I 1 1 1 1 1 1 1  . ‘ I’ ll  U \ / l ’ l ’ i ’ I I I I I I ’  i ’ t ’ t i  I I ’  I I
(~ l l l I l i I .  i t i j . ~ d l i i l ( . I .  ~II . Il~~v ~ i l t i ~i I t ~ i i i  I l l l . i I l (  , i,~t/ l l  I I I  I ( ‘ ( ( ‘ l i t .  ~~ / 1 (1

i l ) ( ~~I~ I . l i l ’ ( I  ~I.~(s I ’ ( I  I i ! a ’ l h  OIl I’ l~I( ’ i , h ( ( i ( i  ‘ c I I a t )  I II,( !~ l~~: l l  r ( ’ :~ t i l l  ( ‘ l’ I c iV ( ’ l ’ ( ’ I ’ ~ l ~~~
12 . 7  I.e H(L b 1l d i  ;iiiic I c r .  ( A p p e n d i x  A )

II. M i i’ g r c g a t . e  I ’o rm a l ion i u V ivo__—__1)etermi n a t i o n  of
Rev er ~~i b I e M t c r o ; i r~~~ it e ~~: A further in terestjng o b ser v a t i  on
made d u r i n g  t h e  above s t ud y i nv o l v e s  t he  c har a ct e r i z at  ion of
m i c r o a g g r eg a t e s  i n d u c e d  by ADP or ep e p h r in o .  For a l l  e l e c t r o n i c
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p a r t i c l e  count ing m e t h o d s  of mI a su r i n g  blood ml cr o agg r eg at e s
d i l u t i o n  of t he  specimen is e s s e n t i a l  to mi n inu ze c o i n c i d e n c e
c o u n t i n g  e r r o r s .  We have  shown (Appenc l i x A )  t h a t  m i cr o a g gr e g a  les
formed in stored blood are stable and w i t h  s e r i a l  d i l u t i o n  c o u n t s
rema ined proport ionately unchanged. Microaggrega tes formed w i t h
ADP or colla gen , however , are very sensitive to m a n i p u l a t i o n  of
the blood and particularly to dilution which produces deaggre-
gat ion .

C. F i l l . e r E v a l u a t  i on :  A n o t h e r  u i t ra f i l . t e r  s t u d y  has been
c o m p l e t e d  c o m p a r i n g  the  e f f i c a c y  of t he  P a l l ,  B e n t l e y  and F e n w a l
filters . We concluded from the data that , of  t h e  t h r e e  f i l ters
evaluated , the Fenwal filter provided the most efficient means
of removing  debr is  w h i l e  m a i n t a i n i n g  a d e q u a t e  f l o w  r a t e s  f or
large volumes of blood. (Appendix 13).

D. Fate of Non—Aggregated Platelets i n  Stored Blood: Five
baboons had platelet survival studies p e r f o r m e d  to detcr~~ine
normal baseline values. Normal half—l ife in baboons by our
methods were 47 ± 9 hours (Fig. 1). Blood was th en drawn into
plastic bags and stored in CPD s o l u t i o n  f o r  4 ° C .  f o r  10 days .
Platelets were aga in tagged and reinfused and a half-life of
13 ± 3 hours was determined. Although the platelet survival
was markedly shortened (p<O.Ol), h a l f  of the  s to red  p l a t e l e t s
were still circulating over 13 hours after infusion .

E. Reversible Aggregates: Mounting e v i d e n c e  i n d i c a t e s
t h a t  in  v ivo  p l a t e l e t  m i c ro a g g r e g a ti o n  occurs  c o m m o n l y  i n  m a s s i ve
i n j u r y  and shock and  t h a t  i t , f u r t h e r m o r e , may be r e sp o n s i b l e  f o r
some of the  p u l m o n a r y  and s y s t e m i c  h e m o d y n a m i c  c h a ng e s  and even
speci f i c  o rgan  injury . If this were the case . p r e v e n t i o n  of
p l a t e l e t  a g g r e g a t e  f o r m a t i o n  m i g h t  prove a s i g n i fi c a n t .  t h e r a-
peutic a d j u n c t  i n  t h e  t r e a t m e n t  of shock and m a s s i v e  t r a u m a .
Certa inly , conditions are present in mass ive  t r a u m a  an d  shock
w h i c h  may p romote  such p l a t e l e t  microaggregate formation. For
exa m ple , w i t h  t r a u m a  a n d  large areas  of t i s s u e  d i s r u p t i o n ,
collagen is exposed to the vascular space . Similarly, w i t h
c o a g u l a t i o n  on raw s u r f a c e s  and p l a t e l e t  re lease  reac t .i on , ADP
levels are increased and , c e r t a i n l y ,  e p i n e ph r i n e  is r e l ea sed
in l a rge  q u a n t i t i e s  in response to shock .  A l l  t h e s e  f a c t o rs
promote  }) l at e l et  aggregate f o r m a t i o n  . Be f o r e  even C O f l S  i (Ion nt z
( ‘Va, I r ia  I. 01) o f  i.in~ 1 ) 1 ( 1 1  ‘ ) l~ 

1 < ’  ( ‘I 1e(~ t, 1)1 t . I I ( ’ s ( ’  a gg~~ (.~ e ;l  t I ’ s , however ,
a i. f’ (~I1I) i~~t ie 11 .11’ a t ’ c ’ I l r ; l  1 , 1 1  rI u ’ ; i s t l I c i l u ’ t t i . t ’ I l l  V I  V~ l a t ’ . t ’ : r ( ’ l : ; I  I t ’ ~~ i I I l l ; l .

In, t i ev t ,  i ( J j? ( :d  W il l  I.it~~ii 1i) I l i I ( ‘ ( I  1(1 a ll  i tii:i I i i i  :.iioi’k tA )  v i i i  l’ y ( I l l ’

I ) 1’ ’5~~ l i ( ~ (~ ol su ch iggi’ (~g;ites i i i  :ui exp e l ’  I men I a I m ode I oI  sh o c k
and t r a u m a .

We have  (~~ t a b i . i shod a h i g h l y  i’e I l ab  I. e met  hod f o r  n h i c r o —
aggrega te  d e t e r m i n a t i o n  u s i n g  an e l e c t r o n i c  p a r t i c le  c o u n t e r .  We
have been unab le to measure freshly aggregated platelet particles
because the dilution necessary for the method produces deaggregation. 
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P r e l i m i n a r y  s t ud ies have been c o m p l e t e d  u s i n g  d i f f e r e n t  con-
centrat ions o f  fo r mn a l . i n  or g lu t e ra l d e h y d e  to  f i x  p l a l  e l e t
m icroaggregates for counting. Formal in , u n f o r t u n a t e l y ,  p r o m p t e d
a g g r e g a t i o n  in all c o n c e n t r a t i o n s  s t u d i e d .  G lu t e r a l d eh v d e  in
dilute concentrations appears to preserve platelet aggregates
without promotlng aggregation.

II. Post Traumnatic Pulmonary Insufficiency (PTPI)

C o n s i d e r a b l e  work has appeared f r o m  ou r l a b o r a t o r y  and o t h e r s
implicating m icroaggregate debris in banked blood in the path o—
genesis of post—traumatic pulmonary insufficiency. This ha s  even
resulted in a who le new generat ion of blood ultraf i lt ers des igned
to remove such debris. In a series of studies performed over t he
last 3 hours i n 1,abooii ~ in fused ~vi t h stored hI ood , we have  been
unable to consistently demonstrate any e f f e c t  of  st oi’ed~~b lood
debr is on pulmonary or sys t emic  hem odvna .mics  or a n y  parameters
of pulmonar y f u n c t i o n .  ~ In  f ac t , e x p e r i m e n t a l  work  by  o u r s e l v e s
and  o the rs  have  f a i  led to even produce  a s a t i s f a c t o ry  model  of
p o s t — t r a u m a t i c  p u l m o n a r y  i n s u f f i c i e n c y. 8 ’9

D u r i n g  t h e  pas t  y e a r , i n  an a t t e m p t  to diip l ica i .e  t h e  ci m i  c al
s i t u a t i o n  w hi c h so F r e q u e n t l y  precedes t h e  onse t  of PTJ~I , a group
of  t en  baboons  were  put i n to shock using a si a n d a r d  h e m o r r h a g e

, model , s u b j e c t e d  to m a j o r  trauma (a  t h o r a c o to my ) an d  r e i n  f u s e d
w i t h  e i t h e r  t h e i r  own shed blood (f i v e  animals) or 10—day old
stored blood ( f ive an imals).

This standard shock model , first described by ~oss , has  an
early mortality of 50%. Our results showed that there was no
signi f icant d i f ference between an imals who rece ived shed b lood
infus ions and those that received shed blood as regards 

~2 
COfl -

s u m p t i o n , c a r d i a c  o u t p u t , P—VR , TPR , A—aDO 2 ,  Vp / V T and  p u l m o n a r y
shunt. ( A p p e n d i x  C)

The e a r l y  m o r t a l i t y  was n i l .  S tud ie s  we carried ou t  over
48 hours  showed t h a t  a l l  a n i m a l s  s u r v i v e d  f o r  t h i s  p e r i o d  of
t ime . Yet , a f t e r  t h i s  pe r iod  of  close o b s e r v a t i o n  and  i n t e n s i v e
care was over amid ani inn is returned to t h e i r  cages , I lie ul t. i mat e
m e n  a I I I v  W a s  Fin’ , :i I I a i i i  iiia Is C l \ ’  i m i g  l l ’(

~Ill ( 0 — 7 5 l m ( l m i m ’ s ’,I f t  (‘r I ii’’

~ 
m’ I oil ( I I’ 11 ) 11 ’  k

Al I ol’ the an i i uaIs not . ,‘ m u r v i v i l i g  l i i i ’  (‘xI)(’m’ rm ’n t app ’ai’(’d
to (III’ W i  t .I i p i t  i l l i o m l a  ry  1 1 ) 5 1 1 1 1 1 ( 1  c iucy , a t I bough I le lmIodv namII l  C. ( In La
was n o t  ava i 1 a b l e  in 1.1)0 i nimed I a t.u pm —t ho r tern p~~r iod and not
a I I :iii I tiia I S , j i a .  I ’ I .  i ci i I a r I y Hh l  rv IV III g au 1 man I , had (~~ L N’ Ill I gross
afl(i h I ste log i  ( : mii i c’roscop i a da l.a , These data a ri none t lie less
extremely important as t h e y  sugges t  t h a t  w i t h  l onge r  f o l l o w u p ,
a n i m a l s  may indeed develop pulmonary ’ insufficiency, yet ma y  no t
m a n i f e s t  i t  in s h o r t — t e r m  s t u d i e s .  D e a t h  occurs  e a rl i e r  in
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‘l

s h o r t— t e r u n  s t u d i e s  and if 50% of  t h e  a n i m a l s  e x p i r e  s h o r t l y
a f t e r  t he  a c u t e  e x p e r i m e n t s , t h i s  e l i m i n a t e s  t he  p o p u l a t i o n
that may be most at risk to develop PTPI.

Finally, a sig ni f icant d i f ference between the surv iv ing
and n o n — s u r v i v i n g  an i m a l s  was a VO 2 t h a t  i n c r e a s e d  s t e a d i l y
f r o m  4 hour s  a f t e r  r e s u s c i t a t i o n  in a l l  s u rv i v i n g  a n i m a l s  and
decreased in all non—surviving animals.
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Abstrai t

A method is described for measuring microaggregates in stored blood with

an electronic particle counter avoiding the usual use of a hemolytic agent.

To overcome red cell coincidence at low dilution of the samples two different

sized apertures are used . It is demonstrated that our method reliably measures

microaggregates from l2.7p to 80.6~i diameter .

Using this method the effect of hemolytic agents on the volumes and numbers

of microaggregates developed in stored blood and PRP are investigated . It is

shown that all hemolytic agents produce a concentration dependent shift of the

cell population toward smaller volumes and a corresponding increase in number

of large microaggregate particles.

The present study demonstrates that the ideal Saponin concentration for

microaggregate counting is tenfold more dilute than that currently reported

in the literature.
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I mit ro duc t  ion

Microaggregates formed in vivo due to shock ,6 ’ 3 3 ’~~
’ trauma 3 7  and extra—

corporeal c i rcula t ion ’ 9 ’ 30 during surgery or in v i t ro  in banked blood 2 ’ 3 ’ 9 ’ 3 2

are believed to cause pulmonary microembolisrn 6 ’ 7 ’ 1 3 ’ 1 1’ ’ 3 3  and possibly contribute

to the development of respira tory insufficiency.H~~
?2(3

~ A reliable method of

quantifying this debris is, therefore, of some importance for both clinical and

experimental studies. One means of accomplishing this utilizes an electronic

particle counter* which both counts and sorts particles by their volumetric

displacement. Solis2
~~
’27 30 and others~~

’17 ’
~~

1 have repeatedly used this method

clinically but there are practical limitations.16 At too low a blood sample

dilution , coincidence occurs, whereupon several small particles passing simul-

taneously through the machine ’s aperture field are detected as one aggregate

of equivalent volume. On the other hand , at too high a dilution accuracy

diminishes due to a decreased total count and background noise becomes more

significant relative to actual counts . To avoid a coincidence problem while

employing a low dilution , Solis2 5 ’2 6 ’29 attempts to selectively hemolyze the

erythrocytes without altering the microaggregate debris. The validity of this

method has never been adequately tested . Hemolytic substances might lyse

microaggregates as well as red cells. Further , due to their surface active

properties they might induce platelet aggregation . The current report describes

a newly developed method to count microaggregates formed in stored blood and

platelet  rich plasma (PRP ) without the use of hemolytic agents .  Using this 
‘

met_hod , th e of f e e t _ a  o hi emo I yL I c ii r J cIl ts in micro ,iqqr eg1 i  Les in s cr5 1 hI ood arc

invest igated .

* Coulter Electronics , Ih ia lc ah , Florida .
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1) Electronic Particle Counter

The Coulter Counter Model Ta 11* simultaneously sorts particles in an iso-

tonic solution (Isoton) by volume into 16 successive channels. To do this , it

measures the change in resistance of an electrical field as the solution is drawn

through a glass aperture. The suspending solution is electrically conducting,

so any particle passing throug h the aperture  disp laces an equal volume of

solution which results in a proportiona l rise in resistance. All volumes measured

are automatically converted to equivalent spherica l diameters.

Coincidence , which follows a Poisson curve ,16 i.s dependent on the con-

centration of the cells and the size of the effective aperture field. For tl1 r’

same cell concentration a smaller aperture has, therefore , less coincidence than

a larger aperture. This is because the larger the aperture is , thu nuru probable

it becomes that two or more particles will  pass through the aperture at thu same

distance and will  be counted as one large particle .

Background noise in the larger particle channels is mainly due to the

counter ’s electrical noise and bubbles in the conducting fluid . While this

noise is fairly constant it puts a practical limit on the level of dilution

of any cell samp le .’6

2) A Two Aperture Method for Counting Microaggregate Particles

In order to avoid the problem noted above, microaggregate debris is run

through both the 7011 and the 200p diameter apertures. The nj~per four channels

of the 7011 apertu re  are ca l ibra ted  to me a sure a range o f 1~~. 7 to 3211 eqlr v 1Lle m iL

spherical diameter.  For the 200p aperture the upper four channels range is 32

to 80.6p diameter. Two ml and 10 ml of solution are drawn through the 7Oji and

* Coulter Electronics , Mialea b , Florida.
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with or wi thou t  lysing agen t .  Debris is defined as the volume and population of

all particles which are counted in the upper four  channels  of both aper tures .

Unhemolyzed whole blood (WB) is diluted l:lOCO for the 701j aperture and

1:100 for the 200p. Heinolyzed blood is diluted 1:100 for both .

Unhemolyzed and hemolyzed platelet-rich-plasma (PR?) are diluted 1:100.

3) Preparation of Cell Fractions

CPD anticoagulated whole blood is stored at 4 C.

PR? and packed red cells (PC) are both prepared from whole blood . PRP is

made by centrifuging fresh blood at l5Og ’s for 15 minutes and is stored stationary

at 4 C. or at room temperature in a continually mixed state . Whole blood is spun

at l , 200g ’ s for 20 minutes to produce PC which are resuspended in Ringer ’s-

citrate—dextrose solution to hematocrits of 25%, 50% or 100%.

4) Hemolytic Agents Used

.3 ml and .03 ml of a Saporiin solution (2.5 gram/lOO ml) are the doses used

per 10 ml of sample diluterit (Isoton) . All samples are continually mixed for

one minute at which point the effects of the hemolytic agent have stabilized

and remained constant for at least 5 minutes. We have found that during the

first minute erythrocyte volume and population distribution shift too rapidly

to give reproducible results .

Other hemolytic agents including Zap—Isoton , Cetrimide and Triton X-100,

were compared with Saponin to assess the qualitative effect:s on red cells and

platelets.

5) Screen Filtration Pressure (SFP)

Screen filtration pressure (SFP) 32 ’36 is measured by attempting to force

5 ml of whole blood through a metal screen with 201J pores at 16.1 per minute .

4.
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R esti l .  ts

1) Evaluation of Our Method

No coincidence counts are found in the upper channels which are those used

for determination of debris volume and population if packed red cells adjusted

in hematocrits between 100 and 25% are used . (Figs. la & lb) Background noice

detected in the channels used for debris counts is at these dilutions insignificant

for WB and fresh PR?.

The variance of our method was determined by running fresh and stored samples

in duplicate . The variance of these duplicate determinations is shown in

Figs. 2a—c. The mean value of the difference of the data pairs (n=32) is 6.5 ±

6.5 x (l0~)~~
3/mm 3 for the large aperture. The larger variance of the small

aper ture is probably due to the higher dilution and smaller volume sampled

compared to the large aperture .

The mean changes of debris volume and SFP observed during storage of four

CPD blood units are shown in Figs. 3a and 3b. Both SFP and debris volume

increased after storage in the same time period . Large standard deviations

reflect considerable variations from unit to unit. SET exceeds the range of

quantitative measurements as early as seven days after storage, when the pressure

exceeds 500 mmHg. The apparent decrease of debris volume after 21 days of storage

indicates that the aggregate size exceeds the range of our method . In fact,

vi sible aggrega tes are seen at this point.

SFP values lower than 500 mmHg are correlated with volume and number of

par ticles both over the who le r an~~ studied (12.7 to 80.611) amid over a miurrower

range including only particles larger than 20IJ (20.2 to 8O.61J). (Table I). The

lat ter  range is studied separately because pa r t i c les  l a r g e r  than 20)1 ex ceed the

size of the holes in the SFP screen. SFP correlates best with total volume of

debris and number of particles exceeding 2011 diameter.

j
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2 ) Q t h l h i t a t i v e  Ef l e t  a of t h i ’ i k ’n i o l y t  H ’ T\ J 51i1a

All the hemolytic 1iqents used did not reduce the cell population of either

RBC or platelets but reduced their mean volumes causing a shift of the population

peak into the smaller sized channels. The degree of size reduction is dependent

on the concentration of the hemolytic agents; this is demonstrated in Figs. 4a and

4b with PR? and WE using Zap-Isoton. Examination of these lysed cell fractions by

a phase contrast microscope indicate the erythrocytes are converted to “ghosts”

and platelet morphology is not significantly altered .

Another consistent observation was that , after hemolys is wi th all  the di lu tions

and using PRP, PC or WE , there was always an increase in counts of previously free

channels in the upper range. (Figs. Sa-c) This result was found to be reproducible

and is independent on the hemolytic agent used. It cannot be attributed to coin-

cidence error because as we have previously seen the populations are sh if ted toward

smaller volumes . There fore, it indicates the formation of a small number of large

particles after incubation with any hemolytic agent .

3) Quantitative Effect of Saponin on Debris Counts in PRP and WB

All attempts to form high concentrations of stable aggregates in PRP by

appropriate doses of ADP and epi nephrine failed because deaggregation occurs within

seconds af ter dilution and , therefore, accurate counts are not possible. Stable

aggregates did appear in stored PR? and stored WB. Debris values peaked within

18 to 24 hours in heparinized PR?, in CPD anticoagulated PR? within 7-14 days ,

WE debris packed latest for all averaging 14-21 days. These aggregates are stable

after dilution . The maximal value of the debris volume in WE is 127.2 to 138.1 x

l0~ i 3/mm 3 , in PRP 213.5 to 2917 x lO 4j.i 3/mm 3 .

The correlation of debris volume in PR? and WB as measured wi th the two

aperture method before and after incubation with the two different concentrations

of Saponin is shown in Figs. 6a—d . The results represent all measurements of

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Measurements performed immediately after preparation are shown as open circles ,

measurements at various time after as closed circles.

Two different effects of the high Saponiri concentration can be seen in both

PR? and WB. Debris volume decreased in smaples with high debris volume (mainly

old PR? and WE). In samples with very low debris volume (mainly fresh PR? and WE)

debris volume increases after incubation with Saponin. The magnitude of these

effects can be seen from the calculated regression line. The slope of the re-

gression line indicates the decrease of debris volume , the y-intercept gives the

increase in debris for statistical debris—free sample. (Table II) The magnitude

of both Saponin effects is different if Saponin is applied to PR? or WE. In WE

debris volume is reduced to approximately 33% and in PR? to approximately 57%.

The increase of debris for statistical zero amount is 3 x 1O 1’p 3/mm 3 in PR?.

If a tenfold lower Saponin concentration is used , only the reduction of pre-

existing debris in WE is s ignif icant.

The high correlation coefficients indicate that the effect of Saponin can be

explained with high confidence by the calculated regression lines. This is not

true for the effect of the high Saponin concentration of PP.?. A larger variance

and an unsatisfactory correlation coefficient of 0.668 points out that another

variable affects the results. Therefore , the effect of Saponin become highly

unpredictable in PR?.

The e f f e c t of the c o n c e n t r a t i o n  of Saponin on debris  1) O p I l l O t i O f l  fo l lows  the

911n .i tar paLt . sm m i to  h i t  a]  r u i c l y sce m i for  d e b r i s  vo lume . (T ab le II) The siope

of L Ime req r e  I on i i t s  i i i  I I c.i tea Lhta  I: L he ,mumttbcr of dubs i s  par  L te l  en i ‘; a I no i nur e

reduced im i WE th an for P1W . TIme y—intcrcept is posi t ive  for both WI) and PRP .

h owever , mnore i sm r Lici ~~a ire formed in WIt whereas the vo lume  is q r ua t .c r  in P R? .

t
V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.
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For corresponding Saponin concentrations the relative decrease in debris population

always exceeds the relative decrease in volume.

Discussion

It is well established that units of banked blood anticoagulated with Heparin ,

ACD or CPD develop var ious amounts of microaggregates during storage. 3’9 ’28 ’32 ’38

Blood platelets most probably initiate the formation of these microaggregates 3 ’32’ 3 6

and they represent their major component.2&
~~

lk
~~

3 6

Usually, hemolytic agents are applied in order to avoid red cell coincidence

error while counting these microaggregates with an electronic particle counter at

low dilutions of th~ samples.9’’7’ 26 ’27’23 We introduced two different sized

apertures as a new and more reliable method to avoid red cell coincidence errors ,

and it is demonstrated that the upper channels of these two aperture are free of

coincidence counts and background noise even if packed cells adjusted to 100% hema-

tocrit are counted .* An increase of microaggregate volume in stored blood is

shown to parallel an increase in SFP. Correlations of microaggregate volume and

population with SFP confirm that similar information is obtained with both methods.

SFP correlates better with the population than with the volume of microaggregates

greater than 201.1 equivalent spherical diameter , which indicates that the number of

particles occluding the holes in the SFP screen is important. The better cor-

relation of SFP to the total volume of particles than the volume of particles

exceeding the size of the holes in the screen indicates that the adhesiveness of

the debris miqh L influence the sri’ results. 12 ,  3 ’ i , 
~ However , further studies are

necessary to evaluate the regression function to delineate range and significance of

both methods and define the role the adhesiveness of the microaggregates might have

in determining SFP values.

* Therefore , it is demonstrated that our method measures microaggregates formed in
stored blood reliably and reproducibly. By duplicate counts of the same samples
it is shown that the variance of our method is insignificant.

‘I.. — -~ iTi~~~~~~~ 
i__

~~~~~~ ___ ~-~~---~ — -- 

-



11

It  is demonstrated tha t  the two ai l t u r e  met h od r e l i a b l y  measur~~ mi ’to -

agg regates down to l 2 . 7p  p a r t i c l e  diam eter . Thus , ou r met  Its i covers the same

range as the method of Solis which is most f r e qu e n t l y  ussJ . 8 ’ 9 ’ 1 7 ’ 2 6 ’ 2
~~ The

quantita t ive effec t s of hemolytic agents on microaggregite volume and population ,

therefore , can be evaluated accurately by applying our method before and after

incubation with hemolytic agents .

The qualitative effects of every hemolytic agent on PR.? and WE is a con-

centration dependent shift of the cell population toward smaller volumes.

Additionally, a reproducible increase of counts in previous, empty, higher channels

indicate the formation of rnicroaggregates due to the application of any hemolytic

agent to either PRP, PC or WE. Similar observations using Saponin are reported

by Solis ,2 6  who finds a reduction in debris volume and Talstad 3 9  who notes an

increase in platelet aggregates.

The quantitative effects of the hemolytic agents were studied with two

different concentrations of Saponin. The higher concentration is the same as

used frequently by Solis 2 6 ’2 7 ’28 and the second concentration was tenfold more

dilute . The use of the two aperture method and the handling of the u~nples should

not account for any differences between our values and previous values obtained

with Saponin as lysing agent. Furthermore , jud ging from the lysing potentia l of

Zap-Isoton, a lysing agent currently used in recent publications,6 the quantitative

ef fec t s  of this agent in the concentration used can be expected to be similar  to

the high concen t ra t ion  of Saponin.

Our r e n i m l  La ( h t ’ m l I ( ) i I t m t  r m t  e I h a t  Lwo e l l e e t a  of h i p c ) m i  mi on hot Ii  P I l l  . i i i ~i Wi t  c i m i

be distinguished :

1) New microaggregates are formed .

2) Pre—existent microaggregates are lysed .

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
L - .
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Both effects are much more d i s t i n c t  and of g rea te r  m a g n i t ud e  i f  the h ig her

Saponin concentration is applied and both effects can be seen if debris volume

or debris population is studied .

The formation of new microaggregates is seen mainly in fresh PR? and WE.

The increase in debris volume is greater in PR?, the increase in debris population

greater in WB , i.e., the microaggregates formed are larger in PR?. Together these

findings most likely indicate the microaggregates are formed in PR? and WB by

platelet aggregation induced by the surface active properties of Saponin. Fresh

PR? and WE give better response, because platelet reactivity is st i l l  preserved .

Larger aggregates are developed in PR? because platelet concentra t ion and , therefore ,

collision frequently is higher in PR?. The effect of Saponin is dependent on the

concentration , the tenfold lower concentration produces no significant micro-

aggregate formation.

The reduction in debris volume and debris population by Saponin is of greater

magnitude in stored WB than stored PR?, i.e., Tnicroaggregates in PR? are more

resistent to Saponin. The maximal amount of debris developed in WB is greater

than in PR?. The reason for this must be that platele t aggregates form and behave

differently in the two suspensions. The hypothesis which could account most

consistently for our data would be a proportional inclusion of red cells within

the microaggregates formed in stored blood .

The reduction in debris population is somewhat greater than the reduction seen

in debris volume. This should be due to the uneven distribution of the debris

particles in the c han n e l s  measured . A hig h numbe r of smi Li par tic Ics aiid ,i low

num ber of larger particles is always observed .2 1 ’’9 So, a relatively small numer ica l

decrease in the large aggregates causes a p ro p or t iom ia l l y ( p e l t e r  cha mt c j e  i m i  vo lume .

Although new microaggregates are formed and pro-existing microaggreqates are

reduced by methods previously reported , using hemolytic agents in higher

- ~~ --
~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~ 
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concentration , 26 ’ 27 the results of previous papers remain valid insofor as

they concern studies of stored blood . The formation of new aggregates is s’nall

in relation to the large amount of aggregates developed during storage of WB.

The decrease in debris is considerable but the results can be described with

high confidence by a linear regression function indicating a consistent pro-

portionality which makes reported methods reliable for comparative purposes if

not for absolute values.

V 
This is probably not true for data relating to microagcjregates formed in

vivo a f t e r  various interventions like anesthesia , trauma and extracorporeal

circulation .2~~’
2 9 ’ 3 0 ’~~

0 The amount of debris is reported to be low ,2~
’29 ’ 3°

therefore, the formation of new debris is likely to influence results further;

the amount of new debris formed might be dependent on the concentration and the

adhesive tendency of platelets in the sample. The use of hemolytic agents in

higher concentrations which have been used might , therefore, change debris volume

in a non—predictable manner as we noted in PR? and give highly misleading data.

Microaggregates which develop in stored PR? and WE are stable upon dilution

with Isoton , a procedural necessity. 2 8  Aggregates produced by aggregating agents

in PRP are not .~~ However , the conclusion that stable aggregates , therefore,

have a more severe pathophysiological impact than reversible microaggregates28’ 3 0

is not documented . This conclusion does not reflect the capacity of reversible

platelet aggregates for release of aggregating , vasoconstrictive and procoagulatory

substances8 which cause further aggregation , vasoconstriction and the formation of

m i c r o t h m r o m n b i .  Rep orts  of morphologic a nd func t iona l  char~gcs a f t e r  in vivo p l a t e l e t

aggregat ion present evidence that the platelet release reac t ion  is of more path o—

physiologic significance than the phenomenon of the mechanical obstruction by

platelet aggregates.*2° Previous methods as well as our method cannot quantitate

* Reversible microagqregate produced by ADP in vivo are shown to produce patho-
morphological damage. (II) Further recent reports of experimental infusion of
stored blood to both healthy and shocked primates could not demonstrate any signi-
ficant patho~hysio loqical changes which are due to the infusion of stable micro-
aggregates. — 

-,----- ~~---. - --~~ 
~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~ 
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the reversible in vivo aggregates with the Coulter  C o u nt e r .  T h e r e f o r e , f u r t h e r

attempts to develop a method to measure  revers ib le, c i r c u l a t i n g  inicroagqregates

formed in vivo are necessary .

~

L*T

~
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Legends

Figure 1 — Par t ic le  counts wi th  (a )  70p ape r tu re  and (b)  200p

aper tu re  w i t h  v a r y i n g  h e mat o c r i t .

Figure 2 — Constancy of measured debris  volume values  as i l lust ra ted  by

paired runs using the (a) 701-i aperture , (‘a) 200 1i aperture and

(c)  combined r an g e  of 1)0th.

Figure  3 — Development  of r~ i ‘ t ’ ; ; r j i t ’ debris in stored blood determined

by ( a )  e lect r ’. i .  l i l y ,ieterrniried debris  volume and (b )  SFP .

Fi gure  4 — E f f e c t  of h emoly t i c  agent  on p a r t i c l e  size.

Figur e 5 — E f f e c t  of hemolyz ing  agent on ( a )  packed cells,  (b)  whole blood

and ( c )  P RI’.

Figure  6 - Al te ra t ion  of debris volume by hemolyzing wi th  Saponin.

( a )  S tored or f r e sh  blood , 0 .03 ml Saponin.

(b )  Stored or fresh blood , 0.3 ml Saponin .

(c) Stored or f resh  PR? , 0.03 ml Saponin .

(d)  Stored or f resh  PR? , 0 .3  ml Saponin.
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It is well documented that stored b~oocI develops large quantities of small

particles or d ‘hr is compo:;I ‘d of pla teleL ,,zid I i  brir , mi C r o a(j g r l  130 t ( ! ,  Recent i;Cud i c : ;

have implicated pulmonary  microembolism of microaggregates, or “debris ” , infused

during massive transfusions of stored blood in the pathogenesis of post—traumatic

pulmonary insufficiency. Commercially available micro—pore filters have been

developed which remove microaggregates from atored blood with varying degrees of

efficiency. The present study evaluates the relative (V i f c V ~~ tiveness of each of

these filters.

Measurem ents  of h ’hr i s  we igh t  and screen f i l t ra t i o n  3 1 r ( ’~~~ ; J H ( ’  ( SFP)  as wel l  V~~5

par t i c l e  size V e l t i y s l s  w i t h  art e l o ’ e tr c l l i c  p ar t i c l e  s i .~e 311 ,41y ~. , r  t t V V t h e  method s

used for eva lua t ing  the s ize and amoun t of c :ebr is  in b V , f l h e  human L 1 oV i 011.1 t~e

e f f i c a c y  of each of these f i l t e r s  in removing t h i s  IO V h V V I V is .

Materials  and Methods

Outdated banked huma n blood (2 1—23 days o l d) ,  stored in CPD bags at  4 3 C is

obtained from the Blood Ba nk of Hawaii, All units are a g i t a t e d  by h and  for one

minute  prior to t e s t ing .  M u l t i p l e  u n i t s  of crossnatched blood are u r e l f o r  L*oth

gravi ty f low and 150 mmll q p ressure  i n f u s i o n s  us ing  a Fenwa l p ressure i n f u s io n  bag.

Samples for t e s t ing  are drawn f rom each 85cc increment  th rough  the f i l t e r  fo r  the

gravi ty  f low stud ies and a f t e r  100cc incr ements  for pressur e inf usion s tudies .

Blood was con t inua l ly  collected for 4 uni t s  or u n t i l  the flow rate was sharply

reduced as indicated by a rate of less than 1 cc/mm . All filters were intially

primed to the point where they first began to pass blood . Up to five filters were

I~(I 1 ( 1 ) ’ ( J I ll/ I (y I I > w  :1 ii - i y. ( ) i t , ’  1 I~~~:n i l : I  j I I I ( l : : j ( ) T I  J I t t I l y W , 4 1 1  ( ( ‘ 1  Il Ir InI —I l I l i

f i l t e r .

[;t:.-indird blood ,l I I mi  n i n i r a t  ic )n  f i t e rn  (V—2 950  MeC~aw T ,iha a to n es , D i v i s i o n  of

American Hospital Supp ly Corp . , Glendale , C a l i f o r n i a ) , w i t h  a l7OIi pore size , a r e

placed in—l ine  and precede each test filter. The f i l t e r s  compared are  1) the B e n t l e y

I n f u s i o n  Blood Fi l ter  PE ”—1 27 (Bent ley  I~th orator i e s , Inc., I r v in e , C a l i f o r n i a ,  2 ) t~he

V _V
.
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Pal I U l t  I J O ?  R flIoot I T r .ir i: ;Iiiaiott IV ’ j l  t I t  (P I l l  ( ‘O r , ,  Il j u t u l - i i t ’ . i I  t o t a l S D I V I M I C I I I ,

O t t  1.’o v ’ , 1 / 1 1 1 1 3  T i I L IIIII , t J I
V
SW I l l i k )  , . 1 1 1 1  3 )  I he I’ (_nwa I l i i  ( t ’ I ) . I I 3 I J I  ‘ 1 / i l l ’  M l v i  J i l t  or

, J ’ 1 3 J 7  (l ’ -iiw ai , V I h w ,
~~ 3 1 ) 3  i I ’ O , Division of Travcitol l.aborat oI’ies , M o r t o n  Grove , I l l i n o i s )

The B e n t l e y  u t i l i z e s  a 2 60— 300p polyester screen fol lowed by a depth f i l t e r  cor.-

si st i n g  of three a r l c :essivr: layers of polyester  u r e t h a n e  of 150 , 73 and 27 mic ron

port - :;i~~ ee ren ~ cctivcly. The Pal l  is a s u r fa c e  f i l t er w i t h  a coarse clot :;creer

l270~i , bo th  above a n t  below a pleated polyester  f in e  mesh screen , 25 ii in size . For

the 1V ’YOWO l , a 250 1i f i l t r a t i o n  screen precedes a 15O~i capacity re t icula ted pore

st r u c t u r e .  This is followed by a depth f i l t e r  of compressed fiber desi gned to  r et a i n

par t ic les  of close to 20U .

Particle size analyses were accomplished with a Coulter Counter Model TAIl

(Coulter Electronics , Inc., Hialeah, Florida) . ) The machine was adjusted to that

with a 20O~.j aperture; particles with diameters ranging from 3 to 80 microns could

be detected . A 1 to 100 dilution of blood in Isoton (Coulter Diagnostics , ilialeah ,

Florida) was used .

Debris weights and screen filtration pressur~~ were done in a manner previously

described , ( ) except i hat control samples were run repeatedly throughout the procedure

rather than just initially. SFP is reported in rnmhg/cc since most control samples

are not able to pass an entire 10cc increment through the SFP apparatus. [ebnis is

given in mg/cc for the same reason .

Fifteen cc of blood is drawn from a point immediately preceding the test filter V

,lfli i no thor 15cc is drawn f r om  blood t h a t  has j  a nt  ,ian ;ed tdirouqli each f i l l  or - A l l

iii ( 0 ) 1 1  I l . l n n ; ’a f i r I l it  rot (J il a a I I I I  II rd )Idm in a I r , i t  on I— I I I oy 5 1 1 1 ) 0 i t  ha ‘i pt OV j OI15i ’/

11001) III t ill I l t Lrd ted Lh,1 t it dot::; no t  s ign i  ficantl y low -i par Li ci e cou n t a or a l t e r  
V

III ‘it t i~~ We I J 1 i 1 ’; 1 1 1 1 ( 1  (J V ~~~~:
; 
. 

V

Va lues obta ined f o r  g r a v i t y  f l o w exper iments  were summatVed for  each f i lt e r  and

graphs  c o n : ;L r l l ( : I V C I I  f rom mean va lue s  of a l l  5 u n i t s  of Id. I J  I c a S e d  for  each f i l t e r .

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~ V -
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The numbers of d e ter m i n a t i o n s  at  each po m u  decrease as longer volumes are  passcicl

through the f i l t e r  reaching the maximum capaci ty  of the filter .

Results

An ana lys i s  of blood f i l te rs using SFP, debris  weigh t , and the Coulter Counter

o f f e r s  a comprehensive and re l iab le  evalua t ion  technique.  F i t i s .  1 and 2 represent  the

results  for the gravi ty  flow exper iments , whi le  Figs.  3 and 4 a re  da ta  obta ined a f t e r

pressure infusion . All points in Fig. 1 represent the mean f rom the n umber of f i l te r

achieving a specified volume , as indicated by the numbers pri nl t V ’ I a t o ’ .’e each f low

rate line in Fig. la. In Figs.  2 and 4 , the  points  on the upper line represent the

mean par t ic le  number for a l l  the a r e — f i l t r a t i o n  samp les , w h i l e  the  l rwc r h a ’  shows :3

the p o s t — f i l t r a t i o n  resu l t s .  Control  samp les in these f i g u r e s  show iui ~ h SFPs and

debris weights, as well  as a considerable accumulat ion of par t ic les  greater  than  20h .

The Pall Ultipor R 25~ is essent ia l ly  the same design as their  earlier 40;u filter

( S Q — 4 0 ) ,  except for a smal ler scr een siz e . I t was able to m a i n t a i n  the f a s t e s t  f l o w

rates for the largest volumes.  The Pall , however , waS no t near l y as e f f e c t i v e  in 
•1

removing debris as the other f i l t e r s  studied.  Pressure i n f u s i o n  showed r e l at iv el~’

similar d i f f e rences  in d ebris remova l and f low rates as i u u , t ~~J wi th  g r a v i t y  i n f u s i o n

with observation tha t  the F~ent l ey f i l t e r  would not accept 1,000cc even under pressure

infus ion  (Figs.  3 a — c ) .  The Pa l l  displayed a re la t ively sma l le r change in SFP and a V

s ign i f ican t  reduction in debris  weight was not evident (p ”.lS) (F igs. lb and ic)

Similar data was obtained for  the Pall a f t e r  pressure i n f u s i o n  (F ig .  3 a —c )  . Debris

weights  indicated tha t d i f f e r e n c e s  w i t h  3 r ea a ur e i n f u s i o n , betwI ’ei l  cont rol an d  p eat

f i l l e r v a l u e : ;  l i a . g ’ J l c ’ V l ’ l J  b r  Lhc Pa l .L t i 1 1 c r  ( 1 1 1 ( 1  o l m e ’  u n i t  of b lood ( J V j q~~ 3c) . 
V

The B e n t l e y  f i l t e r  ‘; iow~~I a subs t an t ial  r e d u c t i o n  in d eb r i s  wci ;ht  and [ i F  ( a l l

p’. 05) as  ~1 i l  I ho I’en w , i l  (I’ v;n. l b—c and 3h—c) . Flow r a t I o  for  I Ju t ’ l i I ’ l l t  ~~~~~~ Ill ’w.’vI ’r ,

was lowest and the  fewest  number of u n i t s  could be passed ;iic ’e::rf:ully ( F i q .  l a ) .

P a r t i c l e  counting in gravity flow e xp e r i m e n t s  showed S V; q t ; I I i V V : , I I I  remova l e~

par t i c les  by the Fenwal down to an l lU  size as the Bent l ey a t  l h ~: . Tho Pa l l , howev,V 1
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The Pall  f i l t e r , t houg h able to r , i i r , s a i n  h i ~~h in f u s i o n  r a ’VV C S , V / ( 5  f a r  less

e f f e c t i v e  in r c ’ r VI n v i  fl(J V h V h r  i s.  Th is is m l  V u u h t e d i y a c c o u nt ed  fo r  by tI e fact that

i t  is a f u n d a m e n t a ll y d i f f e ren t  f i l t e r .  I t  is a sun fac -e  t ’,,’~ e as opposed to the  o ther

two  which ire depth f i l  t ~ : ; and use m u l t i :  V i e  l tyt:rs in succession. The present data

again suggest that with higher volr; rVes  and pressu r e i n f u s i on , the Pal l  s u r f a c e  f i l t e r s

lose thei r efficiency as larger  volumes of blood ar e passed th r oug h ari d t h a t  some of

the accumulated debris may actually be blown off  the screen back in to  t: ;e c i rcu l a t i o n

as we have previously reported .1

Particle size analysis did provide an added dimension in allowing an~ lys is of the

smallest particles which each filter would remove effectively and is i roportass in con-

sidering VV-l c tua l  numbers of particles removed by each filter. The different techniques

of monitoring filtering efficiency were in close agreement. Both tl;e Fenwa l and

Bentley filters are highly efficient in removing debris , hut the Benthy has a much

smaller, in fact, inadequate filtering capacitY both with gravity fl ow and pressure

i n f u s i o n .

Su iti t it , i t

Sli O u l I l  I ti , i l I [ t V iS lOt i  it! mu lti ple UIiilV :; 0 1  u u l ‘V l,ltOd l i V l I i k ’ l  l i l cic i l i i ’ a i i r l r i , i n  
~~ 

S O ; ?  ( V

of pulmonary m~~ cr i i t ’ I n u l o lj  CS V I J I l I  ( V , : . e cl i i :;  t o  S up por t ,  I V I ) I n n : I  rcial l v  a v ax  i d l e  f Vl I 5 0 1 0

may help to obvia te  I i i  ? i I o h I I ,ItI Tim e c V i e i I i l l i , : l  r e s u l ts  i l l  ~dV ’I’ l i ’iris ,‘5V ,ll it and

p a r t i c l e  s i ze  an a l y s is  o f f ’ ’  :; 1 c i -  V r  mea n t :; of IV ’v , I I i i V i t  n i l  1 1 f f  r c : i f V 
V

I I I , ?  I’,ised
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The e f f ec t i venes s  of three blood ubtrafilters (Fenwal, Bentley and P a l l )  is

evaluated using SFP , debris weight measurement , par t ic le  size analysis and deter—

V miniation of filter capacity. Of the filters studied the Fenwal filter provides the

most efficient means of removing debris while maintaining adequate flow rates for

relatively large volumes of blood.
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PULMONARY AND SYSTEMIC EFFECTS OF STORE D VS . FRESH BLOOD IN TRAUMATIZED ,

SHOCKED BABOONS

Judy T. McDanal, MD and J. Jud son McNamara . MD , FACS V

Conflicting reports have been published concerning the role of stored blood

debris as the etiologic agent in pos t—traumat ic  pulmonary i n s u f f ic iency ( 1—5 )  -

In previous studies our laboratory fou nd that  in anesthet ized baboons , in a 
V

non-shocked experimental  model and wi th  infusion of 35cc/kgm of autologous blood ,

the in fus ion  of stored whole blood containing microaggregates or of any indi-

vidual fraction of stored blood does not significantly affect total body oxygen

consumption or systemic or pulmonary hemodynamics (1) . Based on this data and

also in view of recent work by Tobey ( 2 ) ,  Soma ( 4 ) ,  Garvey (5) and others,

there is at present no evidence to show that microaggregates in stored blood

produce any significant pulmonary or systemic abnormality in animals not in

shock .

The present study was designed to determine if the shocked animal is more

susceptible to pulmonary damage induced by stored blood .

MATERIAL AND METHOD

Ten baboons , 10-15 kgn’ns , underwent i n i t ial  phlebotomy of 35cc/kym.  Th ree

weeks later , the animals  were anesthet ized ( induced wi th Phencych id ine  and

maintained with minimal doses of Valium) , in tubated and ven t i l a t ed . A Ca the te r

was placed in the right femoral artery and a flow probe around the pulmonary

artery. The flow probe Wa S monitored through a BL—610 pulse log ic flowmeter ,

, I t l l f  t i l l ’  u ’ l u i ’ t  IV ,i u _ I t I I I I ( l ; u  lIlt l i l t !  l i ( I l t  ‘/ .ii t i ’ i ’
~’ I l~~w t~

( i t  1 ’ it l n : l I l V ( ~ a , l  t i l l

Bru’;h 261.) I
V curcle r -

From the Department of Surgery, U n i v e r s i t y  of Ii u w , t i  i John A. Burns School ef

Medicine , at Queen ’ s H e l i c a l  Cent er , H o n o l u l u  S i m l i l i l i r t  e l  by a q r i r u t  from I i ’

US Army Medical Research and Development  Command L),’~i;A i 7—7 3-C- Fill) .
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The animals  were bled rapidly to a blood pressure  of 60 mmilg . One hour

la ter , they were further bled to a blood pressure of 40 mrnHy which was main—

tam ed for the second hour . The animals were then resuscitated — five animals

with  autologous shed blood and f ive  animals with autologous 21-day old stored

V 
blood . Only a standard filter was used wi th  “he i n f u s i o n s .

Studies were made of the following : arterial and venous blood gases,

systemic arterial and central venous blood pressure , pulmonary (PVRS) and

V systemic vascular resistance (TPR) , cardiac output (CO), oxygen consumption

(V02 ) ,  A-aDO2 , VD/VT and pulmonary shunt .

The parameters were studied pre—bleed , a f t e r  1 and 2 hours of s’ t ock and 4 ,

12, 24 and 48 hours after resuscitation with either shed or stored blood . All

determinations were in quadruplicate . Studies were done on both room air and

100% 02. V

RESULTS

1. There was no significant difference between the animals who received shed V

blood inf usions and those that received stored blood infus ions as regard s

oxygen consumption , cardiac output, PVR , TRP , A-aDO2, VD/VT and pu lmonary

shunt. The mortality rates were equal — two animals from each group died

and three lived.

2. No animal died during the acute studies or the 48-hour followup period .

Four animals died with signs of respiratory failure after 60 to 78 hours,

a la te mortality of 40%.

3. The most s i q t i  I I d - a t it  di  ficrerice between Line  s ur v i  V rug ,V t t l (I Ilic: ? I o l t — S t Z z ’ V l V i  nq  
V

animals was an V02 tha t increased stead i ly from 4 hours after resuscitation

in a l l  su rv iv ing  and decreased in al l  n o n — s u r v i v i n g  a n i m a l s .

DISCUSSION

As previously demonstrated in non— shock ecl .anima l s ,  we note in our shock

animals that stored autologous blood transfusion produced no f u r t h e r  pu lmonary

V V 
V

V V V~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~
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or sys temic  h emo dyr i ami c  c han ges than seen with shed blood transfusion . In spite

of our 48 hour observation period , which  exceeds that of similar studies :~nd

covers the time when post—traumatic pulmonary insufficiency most commonly occurs

V in humans after massive transfusion , no impairment in respiratory function was

seen. We feel  tha t there is no good evidence to indicate that  any re la t ionship

that exists between massive stored blood transfusion and post-traumatic pulmo-

nary insufficiency is of any major clinical importance.
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