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t. Sutn~nary
Microembol i formed in vivo and plate let aggregates induced in vitro in the blood
of patients undergoing cardiovascular operations were measured with an electronic

• particle size analyzer. The effects of extracorporeal ci rcula tion , surgica l
trauma, blood filtration and autologous transfusions on platelet function were
assessed. The results demonstrated that assessment of the total volume and size
of platelet aggregates induced in blood , when correlated with the total volume• of platele ts in the blood , provides a unique means of characterizing the mass of
functioning blood platelets .
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III. ANNUAL PROGRESS REPORT

Microembolization resulting from microaggregatlon of platelets and leuko-
cytes has been impl i cated in the pathogenesis of complications following shock

• (1—5), trauma (6) and extracorporeal circulation (7-12). Pulmonary emboliza—
tion of these microaggregates (2-6 , 13) as well as those that develop in
stored blood (13-18) has been shown to cause alterations in the structure and
function of the lungs of experimental animals. Shunting of blood containing
these microemboli through the hepati c microcirculation (4) or removal of the
microaggregates by Dacron wool (10,18) and 40 .ij pore mesh fil ters (9, 19)
prevents these lung changes . In addition , Dacron wool filtration during car-
diopulmonary bypass reduces the incidence of systemic non-fat embol i and may
lower mortal ity (11, 12).

Factors which are implicated in microembolic phenomena duri ng resuscita-
tion from trauma , shock , extracorporeal blood oxygenation or intraoperati ve
autotransfusion include : 1) infusion of microaggregates present in stored
blood used during the procedure (10, 11 , 13—18); 2) formation of platelet
aggregates in the patient and/or in the support apparatus (8, 10, 21); 3) in-
complete removal of small ai r bubb les induced by blood oxygenators (22, 23);
4) denaturation of plasma proteins (24); and 5) infusion of fat, fibrin and
other foreign material aspirated from the operative site (25-28). Quantita-
tIve information on the relati ve contrib ution , if any, of each of these possi-

• bilities in the etiology of postoperative complications is not available;
however, the microaggregates in stored blood , air and fat embolism and plate-• let aggregation have been considered most important.

Swank has used the screen filtrati on pressure (SFP) technique to quan-
titate the microaggregates which develop in stored blood. The SPF is the
pressure required to force blood at a constant rate through a 20,u pore mesh
fil ter (29). He noted that the microaggregates passed through a standard clot
fil ter but were removed by wool fil ters (14). In subsequent studies , he noted
that the high SEP measured in stored blood used during heart-lung bypass was
noted to fall to normal levels after passage of the blood through the patient
(15). In addition , the SFP was higher in central venous blood samples than
in arterial or peri phera l venous samples of patients receiving blood trans-
fusions (30). This implies that the material infused is removed by the micro -
circulation of the recipient and is consistent with findings of multiple micro-
emboli in patients who had recently received massive transfusions (16, 31).

Studies of combat casualties have shown increased hypoxemia after trans-
• fusion of over eight units of stored blood (30, 32) and have implicated the

mi croaggregates present in stored blood in the development of pulmonary insuf-
ficiency after trauma . However, because of the many complicating factors

• usually present during massive transfusion in man , such as shock , fat, embc-
lism , overhydration and pulmonary trauma ~~~~~ most of the evidence has seen
based on experimental data obtained from anima l studies. Transfusion of stored
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blood with a high SEP caused pulmonary hypertension (13 , 33~ and transient
• increases in dead space ventilation in dogs (33) and severe alterations in

the electroencephalogram in cats (34). Ultrastructural studies of the lungs
of dogs receiving large quantities of stored blooa fi l tered with the stan-
dard clot fi l ter have shown lesions similar to those noted after hemorrhagic
shock (18). These pulmonary lesions which consist of interstitial edema and
degeneration of the capillary endothelial and Type 1 alveolar cells (18) and
evidence of obstruction of pulmonary blood flow (13, 19) were prevented by
effective filtration of the stored blood.

The above studi es show that microembol ization occurs as a resul t of blood
transfusion and of microaggregation occurring in vivo; however , quantitation
of these particles has been limited because of their wi de size range and
marked instability . The SEP method is sensitive to adhesiveness as well as
aggregation of blood cells and platelets (29), but does not indicate the
quantity of material which obstructs the 20.tj pores of the fi l ter. Another
method of quanti tation of the particulate material consists of weighing the
amount of material retained by a filte; (27-30) . In studies of combat cas-
ualti es receiving blood transfusions , Moseley and Doty (38) found that as
much as 5 grams (net weight) of material was retained by the standard blood
transfusion filter (17O.~u pore mesh) per unit of blood. However , this method• does not reflect the smaller sized particles which pass through the fi l ters
nor the labile particles larger than the pore size of the fi lter which break

• up and pass through mesh fi lters (19). The ultrasonic method can detect par-
ticles in whole blood but is sensitive to air bubbles as well as particulate
material (41, 42). Filtration (43) and other techniques (4 4-46) have been
developed for study of platel et aggregation , but these methods are restricted
to the study of microaggregates in plasma and do not give quantitati ve infor-
mation on the size and number of microaggregates in whole blood.

In studies begun while in the Division of Surgery , Walter Reed Army Insti-
tute of Research (WRAIR) , we developed a method of quantitating the size and
number of microaggregates in whole blood utilizing an electronic particle
size analyzer (Model T, Coulter Electronics). Initial studies documented that
the instrument could provide reliable measurements of particles larger than
leukocytes provided the concentration in the suspension being analyzed does
not exceed the established limits of the aperture being used. The microaggre-
gates in stored blood were found to develop progressively during the 21 day
storage period in ACD at 4° C. Particles smaller than 251U comprise the
greater portion by vol ume of the microaggregates which developed during the
first week of storage, while larger particles were found to develop later
in storage (48). Fi l tration of stored blood through the standard infusion
filter (170,~u pore mesh) did not significantly remove particles smaller than
80 ~~j .  The 4O~j pore fi l ter (Pall Corporation , Glen Cove , New York) removed
particles larger than 25,u but not those smaller. On the other hand , a Da’:ron
wool fi l ter (P~oneer Fi l ters, Hol lsboro, Oregon) removed virtually all parti-
cles larger than leukocytes in stored blood (27).
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In other studies begun at WRAIR , the electronic particle size analyzer
was utilized to measure the size distribution of platelet aggregates induced
j~. vitro and in vivo by various aggregating agents . In vivo microaggregation
of ~latelets was induced by either infusion of adenosine diphosphate (ADP),
a known inducer of platelet aggregation, or by extravasation of blood into
the peri toneum of ether anesthetized rats . Immediately after inj ection of
ADP, mi croemboli 13-8O u in size were detected in the inferior vena cava blood
but not in arterial blood of ether anesthetized rats. The increased micro-
emboli in venous blood returned to control levels within three mintues after
ADP injection. Immediately after the infusion of ADP the arterial blood pres-
sure and platelet concentration fell and the venous blood pressure increased
suggesting that occlusion of the pulmonary microcirculation occurred as a
result of the intravascular aggregation of platelets . These alterations in
venous and arterial pressure and the platelet counts returned to contro l
levels within three to five mintues as the concentration of mi croemboli in
the venous blood gradually fell to control levels. These studies indicated
that the mi croaggregates of platelets were formed in the periphera l vascular
bed and embolized to the l ung . The transient alterations in the hemodynarnics
caused by these particles suggest that they are rapidly broken up in vivo.
These studies confi rmed previous histologic observati ons of the time course
of trapping of platelet aggregates in the pulmonary microcirculation and de-
inonstrated that the electronic particle size analyzer could detect microemboli
formed in vivo. The inhibition of platelet aggregates induced in vivo by

• adenosine (53) and prostaglandin El (PGEi, 54) was detected by a decrease in
both the cumulative volume and the size of aggregates formed in venous blood
following ADP injection (49).

Similar resul ts were obtained in studies of platelet aggregates formed
following extravasation of rat blood (53). Control blood drawn from the aorta

• or inferior vena cava of rats contained low concentrations of particles larger
than 13 ,ii . However, the volume of particles formed in rat blood within 15
seconds following extravasation were significantly increased. These aggre-
gates were found to gradually increase in cumulative volume and modal size

• during the first 90 seconds following extravasation . Subsequently, deaggre-
gation was manifested by decrease in these parameters , with return to contro l
levels by 5 minutes after extravasation . In other studies microaggregates
formed during hypovolemi c shock and in a simulated intraoperative Autotrans-
fusion apparatus were similarly studied (55).

During the initial year of the present U.S. Army Medical Research and
Development Command Contract to the Baylor College of Medicine, the validity
of the electronic particle size distribution measurements of platelet aggre-
gates formed in vitro has been documented and the technique has been used
to study microembolization and platelet aggregation in man . The electronic
particle size measurements were found to correlate closely with independer’t
measurements of fixed particles and of platelets using optical methods.
Platelet aggregates induced in pl asma by ADP were used to eva l uate the size
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measurements of platelet aggregates. These studies indicated that the cumu-
lative volume of aggregates formed in plasma varied linearly with 1) the
volume of platelets which were available to clump and 2) simultaneous changes
in the optical dens i ty of the plasma . The size of the aggregates varied wi th
the dose and time of exposure to ADP , the volume of platelets available to
clump and when aggregation was inhibited by adenosine. The manuscript of
this study has appeared in the Journal of Applied Physiology (56).

In a subsequent study which appeared in Transfusion (57), the technical
aspects of measuring the size distribution of microaggregates in blood were
analyzed. This included a description of the calibration of the instrument ,
of the reproducibility of the measurements , of the coincidence limits of the
apertures used , of the effects of hemolyzing agents on microaggregate disso-
ciation after dilution , and of the effect of leukocyte counting on the measure-
ment of smaller mi croaggregates . The major point made in these studies was
that al though dilution and exposure to hemolyzing agents accelerates the dis-
sociation of platelet aggregates , completion of the analysis within 15 seconds
after dilution allows accurate assessment of the size distribution of platelet
aggregates in blood.

• This study (57) also described the effects of varying the storage con-
ditions and the types of blood components on the total volume of mi croaggre-
gates which develop in blood during storage. The microaggregates were found
to develop progressively during storage of ACD whole blood at 4 to 6° C.
Coincident with this there was a drop in the platelet count during the first
week of storage and a progressive reduction in the absolute granulocyte count.
Microaggregate development after storage of various components of ACD blood
was proportional to the concentrati on of platelets and leukocytes prior to
storage. The microaggregates settled into the buffy coat after centrifuga-
tion and became larger. In vitro studies indicated that they were resistant
to dissociation in vitro in comparison to plagelet aggregates induced in fresh
blood by adenosine diphosphate. Microaggregate formation was greater in CPD
than in ACD anticoagulated blood stored at 4 to 6° C for twenty-four hours ,
but was not different after seven days of storage . A greater vo lume of micro-
aggregates was fo rmed in aliquots of ACD blood stored at 4 to 6° C than at
room tempera ture , while no differences were noted after storage of blood in
plastic bags or glass vacuum bottles .

In another paper (58), further evidence was presented to support the
validity of the electronic particle measurements of platelet aggregates in
blood. The deaggregation of platelets in plasma was shown to be accelerated
by addition of hemolyzing agents to the diluent used to perfo rm the electronic
size measurements. Howevar , because of the rapidity of the hemolysis of red
cells and of the subseqJLnt analysis immediately after dilution of blood ,
accurate measurements of platelet aggregates in blood are possible before
significant alterations in their total volume occurs. This was shown in an
experiment where the initial platelet concentration and the population of
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platelets to be studied in plasma and in reconstituted whole blood were held
constant by adding on equal volume of either platelet-poor plasma or saline
washed red cells to aliquots of platelet-rich plasma (PRP). There was no sig-
nificant difference in the total volume of the platelet aggregates larger
than leukocytes (13 ,u and larger) that were induced in the plasma and in the
blood.

Although the Army Contract has supported the studies of the electronic
measurements of platelet aggregates induced in vitro and of the mi croaggre-
gates that develop in stored blood , the major objictive of the contract has
been and continues to be to study particulate microembo lization and altera-
tions in platelet aggregation resulting from or during surgica l trauma . Be-
cause of the large number of patients undergoing heart surgery in Houston ,
we have utilized patients undergoing cardiopulmonary bypass as a model . In
the initial study (52), particulate microemboli were measured in patients ’
blood drawn before and during cardiac operations. Venous particle measure-
ments did not change. The volume of particles in arterial blood drawn from
the bubble oxygenator (41.3 + 4.4 x iO3 3/mm3, mean ±S.E.) was greater than
that in venous blood (30.7 + 4.1 x lO~ 3/m

3, p 0.005) only during the fi rst
tan mi nutes on bypass. In contrast, the volume of particles in blood drawn

• from the cardiotomy return line was markedly elevated (903 + 121 x ~~ 
3/mm3).

These microembo li remained elevated throughout the procedure , were most evi-
dent when extravasated blood was collected with the coronary suction line ,
and had a size distribution similar to platelet aggregates which could be
induced in vitro. A Dacron wool fil ter removed 89% of these microemboli , while
a 4O~i pore mesh lilter and a polyurethane foam filter removed 58 and 64~re€ pectively. The data thus indicate that Dacron wool filtration of blood
infused through the cardiotomy system would virtually eliminate particulate
microembo lism during cardiopulmonary bypass.

The major accomplishment during the second year ( February 1975 — January
1976) of the U.S. Army Contract was the correlation of measurements of plate-
let aggregates induced in blood in vitro by ADP with alterations in the aggre-
gation of platelets that were noted during cardiopulmona ry bypass. Although
some of the particulate microemboli measured in the ca rdiotomy return line
blood of patients were fat globules , their concentration , by volume and size
distribution , was similar to that of platelet aggregates which could be in-
duced in vitro in the patients ’ arterial blood by adenosine diphosphate (ADP )
and fell during the first 30 minutes on cardiopulmonary bypass (52). In view
of the presumed effects of cardiopulmonary bypass on the concentration and
on the reactivity of platelets , this reduction in niicroembolization probably
resul ted from alterations in the formation of platelet aggregates. A subse-
quent study , which appeared in Chest (59) was designed to determine whether
this reduction in platelet aggregate microembo lization during the fi rst 30
minutes of cardiopulmonary bypass was due to thrombocytopenia or to a decreased
ability of platelets to aggregate . The total volume of platelet aggregates
Induced in blood by adenosine diphosphate was measured with the electronic
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partic le size analyzer. The volume of platelets in blood was calculated by
multiplying hemocytometry platelet counts by the electronically determined
mean platelet volume . Immediately before cardiopulmonary bypass , the total
volume of aggregates induced in blood by ADP (2MM) was reduced when compared
to normal donors because of 1) a slight fall in the volume of platelets and
2) a reduction in the percentage by volume of platelets which aggregated.
After 30 minutes on bypass , the volume of both platelets and aggregates fel l,
but a greater percentage of platelets aggregated. This indicated that reduc-
tion of platelet aggregate fo rmation during cardiopulmonary bypass is due
to thrombocytopenia. It also suggested that anesthesia , sur gi cal traum a an d
heparinization alter platelet reactivity more than cardiopulmonary bypass.

Although the study in Chest (59 ) was limi ted to determining the mechanism
of the reduction in microembolization during cardiac surgery , the methods
utilized may be applicable to the study of other clinica l disorders in which
platelet aggregation may be of importance. These include thrombosis and
hemostatis as well as shock , trauma and pulmonary embolism. The electronic
measurements of platelet aggregates induced in blood by ADP in vitro provide
quantitative assessment of the mass of functioning platelets in blood. Al-
though the platelet count provi des the same relative information , the elec-
tronic measuremen ts can be performed more rapid ly and easi ly. When combi ned
with an independent measurement of the number and mean volume of platelets
in the blood , the electronic measurement of platelet aggregates induced in
vitro can be used to assess the capacity of the platelets to aggregate . The

• study reported in Chest demonstrated that this provides a unique means of
• correlating in vitro studies with measurements of platelet aggregates formed

in vivo in man.

Coincident with the above mentioned studies of particulate microembo liza-
tion and platelet aggregation during heart surgery , the Department of Surgery
of the Baylor College of Medicine began an extensive evaluation of the clini-
cal usefulness of a new microporous membrane oxygenator for use during heart
surgery. Membrane oxygenators have been advocated for use during cardiac
operations because of the reduction in blood component trauma due to elimina-
tion of the blood gas interface created during bubble oxygenation. In order
to assess the effects of membrane oxygenation , particulate mi croemboli and
in vitro platelet aggregation were studied in blood of patients during car-
aTac operations (60). A small gradient of microembo li developed on passage
of blood through a bubble oxygenator but not through the membrane oxygenator.
However, with both types of oxygenators , there was a sustained increase in the
volume of microernbo li in cardiotomy return blood which was much greater than
in arterial blood. Immediately after cardiopulmonary bypass with both oxy-
genators, there was a comparable reduction in the volume of circulating plate-
lets which exceeded that of the hemoglobin concentration , indicating platelet
loss exceeded tiat expected from hemodilutio n alone . However, the total
volume and mean size of platelet aggregates induced in blood of patients
after membrane oxygenation was significantly greater than similar measurements
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after bubbl e oxygenation. This study showed that membrane oxygenation reduced
particulate microembolization and preserved platelet function in patients
undergoing cardiac operations when compared to bubble oxygenation.

Al though generation of microembol i was reduced during membrane oxygen-
ation , a large volume of microembol i was present in cardiotomy reservoir
blood. The increased volume of microemboli in cardiotomy return blood during
membrane oxygenation emphasized the continuing need for an effective system
for fi l tration of cardiotomy blood regardless of the type of blood oxygena-
tor utilized. Accordingly, a subsequent investigation (61) was begun to
assess the effectiveness of various cardiotomy reservoirs and inline blood
fil ters. Of five cardiotomy reservoirs tested only one was able to remove a
signifi cant volume of microemboli larger than 13)J in diameter; however , its
filtration system , which consists of polyurethane foam, was not as effective
as the least efficient of the inline blood fi l ters. Less than 10% by volume
of microemboli larger than 32,&, remai ned after passage through all of the in-
line blood filters tested, but the mean percent (+ 1 S.E., n=8) of microembol i
smaller than 32 remaining varied (25 ,u pore polyester mesh 45 + 5%; polyure-
thane foam 36 ÷ 3%; woven fabri c 13 ! 2%; Dacron wool 12 + 2%). The results
of this suggested that the cost and effectiveness of blood fi l tration during
cardiopulmonary bypass could be improved by the design of a cardiotomy reser-
voi r with a more effective filtra tion system than is currently available.
This is of importance because efforts directed at improving the quality of
blood salvaged intraoperatively during cardiopulmonary bypass will also be
useful in designing systems for use during general surgical procedures .

• During the last year of the U. S. Army Contract, studies begun previously
• were continued in three separate areas : 1) In vitro measurements of platelet

aggregation using the electronic particle size analyzer , 2) correlation of
• in vitro platelet aggregation studies with al terations occurring in vivo in

both laboratory animals and in patients undergoing cardiopulmonary bypass and
periphera l vascular surgery , and 3) in vitro evaluations of blood filtration
systems for use during homologous and intraoperative autologous transfusions.

IN VITRO MEASUREMENTS OF PLATELET AGGREGATES

As descri bed above , the early work supported by the U. S. Army Contract
helped validate the electronic measurements of platelet aggregates formed
in plasma and was published in a manuscript which appeared in the Journal of
Applied Physiology in 1975 (56). Since then , subsequent studies have extended
this method of studying platelet aggregation such that quantitative assess-
ment of the process in whole blood can be accomplished. These studies were
performed in collaboration with Dr. Peter S. Kennedy during his tenure as a
Fellow in Oncology at the Baylor College of Medicine. Platelet aggregates
induced in vitro by adenosine di phosphate (ADP) were used to test the meas- •

urements. Initia ’ experiments demonstrated that the electronic measurement of
platelet aggregates and platelet -rich plasma were not altered by the addition

-10—
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of hemolyzing agents to the di luent. As platelets began to cl ump after expo-
sure to ADP in whole blood , the total volume and size of aggregates increased
while there were opposite changes during platelet deaggregation . With higher
concentrati ons of ADP, the total vo l ume and size of aggregates formed during

• the initial sixty seconds increased; subsequently only their size increased
and they dissociated more slowly. As the platelet concentration in blood
was increased by serial dilutions , with the hematocri t maintained constant ,

• the mean size of aggregates varied linearly with the total volume of aggre-
gates that were formed (linear correlation coefficient = 0.94). When the plate-
let count in blood was kept constant , the mean size of aggregates varied
inversely with changes in the hematocri t (linear correlation coefficient = 0.98).
These studies showed that platelet aggregates induced by ADP in whole blood
can be quanti tated using the electronic particle size analyzer and defined• the effects of changes in the platelet count and in the hematocrit on the
resultihg measurements . This preliminary work suggested that measurement of
the mean aggregate size when corrected for platelet concentration and hemato-
cri t could serve as an index of the responsiveness of the circulating plate-
lets to ac~ regating agents . The fi rst manuscript resulting from these studies
has already been published (62) and a second has been submitted for publication.

EFFECTS OF SURGICAL TRAUMA AND BLOOD TRANSF USION ON PLATELET AGGRESSION

The second major area supported by the Army Contract over the past con-
tract year was correlation of measurements of platelet aggregates formed
in vitro wi th alterations which occur in vivo. As a result of the studies
detailed above , we have developed a simple method of determining the func-

• ti~hal capacity of the circulating blood platelets to aggregate (59, 60, 64).
In a study which appeared in Surgery, Gynecology and Obstetrics , this method
was utilized to study the platelet count and the functional capacity of the
platelets to aggregate in vitro before and after periphera l vascular surgical
procedures during which autologous blood was administere d using a simple
method of intraoperat ive autotransfusion (65). This study was performed in
collaboration wi th Dr. George P. Noon of the Cora and Webb Matting Depart-
ment of Surgery of the Baylor College of Medicine. The paper describes a
simplified method whereby extravasated blood is collected from the surgical
field in a reservoir wh ich is contained within a housing attached to a vacuum
source . After collection of the blood into one reservoir within the system ,
the blood drains into a second reservoir which can be detached and , after

• remova l of all air wi thin the bag, can be used for administration of blood ,
either by gravity drainage or by infusion with a standard pressure cuff. The
paper described the use of this system which can be readily utilized in any
operating room which has a standard wall suction system. In addition to the
above mentioned studies of the functional capacity of the patient’ s circula-
ting blood platelets , the paper describes quantitati ve measurements of micro-
emboli in the aucotransfused blood before and after filtration through various
blood fi l ters. The total volume of microembo i measured in the collected
autologous blood was comparable to that in stored blood. Particle measurements
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d ent at removal of the microemboli in the cardiotomy reservoir blood allowed
a significantly higher circulating blood platelet count; however , there was
no coincident increase in the total vo lume of circulating platelets which
we re able to aggregate in vitro. These resul ts suggest that the microemboli
are aggregated platelets which subsequently break up and circulate but do not
function . The significance of this study is that it utilizes methodology
developed by the studies supported by this contract which allow quantitative
assessment of the relationship between the mass of circulating blood platelets
and the mass of these platelets which are able to aggregate. An abstract (64)
of this study will be published and the manuscript is being prepared for
publ i ca tion.

MICROEMBOLIZATION AND BLOOD TRANSFUSION

The third major area of interest of the studies supported by the Army
Contract relates to quantitation of the extent of mi croembolization which
occurs in people as a result of surgical trauma and blood transfusion. These
studies relate primarily to blood filtrction during homologous and autologous
transfusion. During this contract year, three studies have been completed

• and accepted for publication. The above described study of a simple method• of intraoperati ve autotransfusion reported studies of the microaggregates
which developed in blood extravasated during peripheral vascular surgical
procedures . The microembol i in the extravasated blood had physical and fil-
tration characteristics similar to those previously reported for both stored
blood (57) and blood extravasated into the pericardium during cardiopulmonary
bypass procedures (53). -

A second study which was performed with the support of the Army Contract
funding (66) investigated the microembo li which remain in the blood which is
contained wi thin the heart-lung bypass circuit after termination of a cardiac
operation . This blood is routinely readministered to the patient and in the
study reported was found to contain a large quantity of microembo li which were
readily removed by a comme rcially available cell washing system. The results
of this study indicated that the use of a cell washer will reduce the total
volume of microembo li which would be administered to a patient. This con-
firmed previous in vitro measurements of the physical characteristics of the
microaggregates in stowed blood (57) and suggested that a cell washing system
which was capable of removing microaggregates from large ouantities of either
homologous or autolo gous blood.

The third study relating to filtration of stored blood has been accepted
for publication in Transfusion (67). This reports results of an in vitro
evaluation of five different commercially available blood fi l ters and reports
on their fi l tration efficiency during gravity and pressure flow , as well as
on their flow characteristics. The blood fi l ters tested were 1) the Dacron
wool fi l ter (Pioneer Laboratories , Hillsboro , Oregon), 2) the Ul tipore filter
(a 25 x 40 micron pore mesh polyester filter , Pall Corporation , Glen Cove , New
York), 3) the Intercept blood fi l ter (Johnson & Johnson , New Brunsw ick, New
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after filtration with a Dacron wool blood fi lter (Pioneer Filters , Inc., Hills-
boto, Oregon) were reduced to about the same volume as in the control sample
of the patient’ s arterial blood. Experience with over 100 surgical procedures
indicated that the need for homologous blood was reduced but was not elimi-
nated. The study indicated that intraoperative autotrnasfusion of blood with
this simple system was safe and had distinct advantages over banked homolo-
gous blood. The results suggested that the system could be incorporated into
any operating room. If such a system became widely accepted , its advantages
in a combat situation would be signifi cant.

During the course of the previous contract year, another study in the
general area of correlation of in vitro and in vi vo platelet aggregation was
continuation of studies previously reported relating changes in the circula-
ting blood platelets to events which occur during cardiac surgical procedures
(59, 60, 64). In previous studies we had demonstrated that membrane oxygena-
tion reduced particulate microembol i zation and preserved platelet function
in patients undergoing cardiac operati ons when compared to bubble oxygenators
(60). In studies recently completed , we evaluated the effect of two separate
oxygenators and two inline cardiotomy blood fi l ters on the function of human
blood platelets after cardiopulmonary bypass. In initial studies we measured
platelet aggregates induced at two hours and twenty-four hours after either
membrane or bubble oxygenation. Although the total volume of platelet aggre-
gates induced immediately after bubble oxygenation was lower than after mem-
brane oxygenation , there was no significant difference in the total vo l ume
of platelet aggregates or in the blood platelet count at two and twenty-four
hours after bypass. This suggested that the defect in platelet aggregation

• after bubble oxygenation , which was most likely due to the large blood gas
interface to which the blood was exposed during bubble oxygenation , corrected
itself within two hours after the procedure . In a subsequent study similar
measurements were performed on the blood of patients undergoing membrane oxy-
genation in which either a 25 x 40 micron polyester mesh blood filter (Pall
Corporati on , Glen Cove , New York) or a Dacron wool filter (Pioneer Filters ,
Hillsboro , Oregon ) was incorporated into the cardiotomy reservoir line. In

• these patients the preoperative platelet counts and total volume of platelet
aggregates induced in vitro were not signifi cantly different. However , at
termination of the bypass procedure and at two and at twenty-four hours after
the procedure , the platelet count was lower in the group of patients with the
Dacron wool fi l ter when compared wi th the 25 micron pore mesh fi l ter group.
At two and twenty-four hours after bypass , the platelet count was 177 + 17

• and 173 + 18 (X10 3/mm3, mean + SE) with the Dacron wool fi l ter as compared
to 270 ± 42 and 249 + 24 with the 25 micron pore mesh fi l ter. In contrast
to these measurements , the total volume of platelet aggregates measured at
two and twenty-four hours was not significantly different (1.46 ± 0.13 and
1.54 + 0.12 with the Dacron wool fi lter; 1.49 + 0.16 and 1.58 ÷ 0.12 with
the 25 micron pore mesh fi l ter). The data indfcated that the Dacron wool
fi lter, which was much more efficient at removing the mic roemboli in the
cardiotomy reservoir blood , removed aggregated platelets which were able to
aggregate. In contrast, the 25 micron pore mesh fi l ter, wh ich was less effi-
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Jersey), 4) the Fenwal microaggregate blood filter ( Fenwal Laboratories ,
Morton Grove , Illinois), and 5) the Bentley blood fi lter (PF124 , Bentley
Laboratories , San ta Anna , California). The results of this study demonstra-
ted that the Dacron wool fi l ter was the most effective at removing particulate• material from stored blood in a size ranging from 13 to 100 microns. The
Intercept, the Bentley and the Mi c roaggregate blood filters were all inter-
mediate in fil tration efficiency , whereas the 25 x 40 micron pore mesh fi l ter
was the last effective at removing particulate material from the stored blood.
However , the 25 x 40 micron pore mesh filter had the bes t fl ow characteristics
in that  it was able to sustain a signifi cant flow rate with gravity pressure
after filtration of three units of outdated stored blood , whereas all of the
other fil ters required pressure infusion for maintenance of an adequate flow
rate. In addition , this study reported results of the microscopic and elec-
tronic particle size analyzer assessment of the amount of particulate material
which would be washed off the various commercially available blood fi lters
and which may result in embolization of forei gn material to the patient.

These initial studi es performed un&~r the present U. S. Army contract
have demonstrated that the electronic particle size distribution measure-
ments are able to quanti tate the extent of microembolization which develops
in man during surgical procedures . They indicate that platelet aggregates
contribute significantly to the formation of microemboli in man. In addition ,

• the changes in the mass of circulati ng platelets which function resulting
from surgical trauma , blood oxygenation and blood filtration have been inves-
tigated utilizing a new method of assessing platelet function in blood. How-
ever , the effect of anesthesia , heparinization and oxygenation of blood ,
homologous and autologous blood transfusions , as well as shock and respira-
tory failure , on intravascular platelet aggregation have not been extensively
studied. The objective of the future studies under the present contract
will be to conti nue ongoing studies of the effects of these clinical varia-
bles on platelet aggregation in man.
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