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Prior studies at Harborview Medical Center have suggested that
dilutional thrombocytopenia is a major etiology of microvascular,
nonmechanical bleeding (MVB). We undertook a prospective
randomized double-blind clinical study to compare the prophy-
lactic effects of 6 units of platelet concentrates (PLT) versus 2
units of fresh frozen plasma (FFP) administered with every 12
units of modified whole blood in patients undergoing massive
transfusion (12 or more units in 12 hours). After exclusions,
three of 17 patients who received PLT and three of 16 patients
who received FFP developed MVB, an incidence no different
from our previous findings. Regression lines of platelet counts
during transfusion were no different between groups, and both
groups had higher platelet counts than predicted from a standard
washout equation. Only one patient had evidence of dilutional
thrombocytopenia as a cause for MVB. Prophylactic platelet
administration is not warranted as a routine measure to pre-
vent MVB.

M W , 'ASSIVE TRANSFUSION ofstored blood may result
in diffuse microvascular bleeding (MVB), a
syndrome characterized by the onset ofoozing

from mucosa, raw wounds, and puncture sites. ,2 A pri-
mary disorder ofhemostasis is suggested, as standard sur-
gical techniques do not effectively arrest the process. Mul-
tiple etiologies have been implicated. However, several
studies have shown that dilutional thrombocytopenia is
a major contributing factor.3'5
We documented a strong correlation between platelet
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counts and the amount of blood transfused in a prior
study of hemostasis in massively transfused trauma pa-
tients.3 This study revealed the likelihood of thrombo-
cytopenia in patients receiving blood replacement greater
than 1.5 times their blood volume. The modified whole
blood (MWB) transfused (from which platelets and/or
cryoprecipitate are salvaged before storage)6 provided he-
mostatic levels of all clotting factors in the majority of
patients without the need for supplementation with fresh
blood or fresh frozen plasma (FFP). Although the levels
offactorsV and VIII are diminished in MWB, hemostatic
levels were maintained in vivo, except in patients whose
combined deficiencies ofplatelets and fibrinogen suggested
a consumptive process. Microvascular bleeding was cor-
rected by platelet concentrate (PLT) transfusion.3

Because of the considerable evidence that dilutional
thrombocytopenia is the major cause of the diffuse mi-
crovascular bleeding seen during massive transfusion, we
sought to determine whether prophylactic administration
of platelets to patients undergoing massive transfusion
would prevent this complication. Since 6 units ofPLT (a
standard dose) contain the equivalent of 1.5 to 2 units of
FFP, any effectiveness ofplatelet transfusions may not be
solely the result of platelets but also of the plasma con-
stituents. Therefore, we also examined the hypothesis that
prophylactic PLT transfusions were more efficacious than
prophylactic FFP infusion in the prevention of the mi-
crovascular bleeding associated with the massive trans-
fusion of stored blood.
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TABLE 1. Criteria for Exclusion from Study

Protocol

The study protocol was reviewed and approved by the
Human Subjects Review Committee of the University of
Washington. All patients 18 years ofage or older admitted
to the emergency room of Harborview Medical Center
who were likely to require massive transfusion (defined
as receiving 12 or more units of blood within a 12-hour
period) were considered for study. The following were
excluded from entry into the study: patients with known
severe pre-existing liver disease or portal hypertension;
patients with demonstrated pre-existing thrombocyto-
penia or coagulopathy; patients with penetrating injuries
to the brain7' 8; patients whose major bleeding source was
the gastrointestinal tract; patients with burns covering
more than 10% of body surface area9; and patients re-
ceiving low molecular weight dextran (Table 1). Whenever
possible, informed consent was obtained prior to entry
into the study; however, because ofthe sudden and serious
nature ofthe patients' conditions, randomization was of-
ten undertaken before consent was obtained.
Upon entry into the study, blood samples for hema-

tocrit, platelet count, prothrombin time (PT), partial
thromboplastin time (PTT), thrombin time (TT), and as-
says ofcoagulation factors I (fibrinogen), II, V, VII, VIII,
IX, X, and XI were obtained. After 12 units ofblood had
been transfused, blood samples were again collected and
the patient was randomized to receive either 6 units of
PLT (containing approximately 420 ml of plasma) or 2
units of FFP (containing about 440 ml). Either blood
component was packaged in a single transfusion pack of
identical appearance. The true nature of the blood com-
ponent being infused was known by the blood bank per-
sonnel but was not revealed to either the research staff or
the physicians caring for the patient at the time of ad-
ministration. This sequence was repeated with each 12
units of transfused blood, with the patient receiving the
same component after 24 units, 36 units, and so on, as
received at the initial 12 units. In most cases, blood sam-
ples for the studies mentioned above were also obtained
30 minutes after the component was given.
A final blood sample for coagulation studies was ob-

tained 12 to 24 hours after the last component was ad-
ministered. However, if a patient developed laboratory
evidence of disseminated intravascular coagulation (de-
fined as a platelet count less than 80,000/,ul and fibrinogen
less than 80 mg/dl) or microvascular bleeding, an exit
blood sample for coagulation studies was obtained, the
patient was removed from the study, and specific therapy
was given as indicated. Microvascular bleeding (MVB)
was determined by the attending physician based on the
following criteria: bleeding from mucous membranes;

1. Patients with severe, pre-existing liver disease or portal
hypertension. Liver disease was assessed by one of the following:

a. Biopsy-proven cirrhosis;
b. Serum bilirubin 2 2 mg/dl in the absence of hematologic

disease;
c. Serum albumin < 2.5 g/dl in the absence of nephrosis or

malnutrition;
d. Baseline PT 4 seconds above control (with commercial PT

reagents).
2. Patients with pre-existing thrombocytopenia (<I00,000/M1) or

coagulopathy.
3. Patients with penetrating wounds to the head, with concurrent

brain injury.
4. Patients whose major source of bleeding was the gastrointestinal

tract.
5. Patients with burns greater than 10% of body surface area.
6. Use of low molecular weight dextran.

oozing from catheter sites that persisted after application
of pressure; continuous oozing from surgical wound and
raw tissue surfaces; and generalized petechiae or increased
size of ecchymoses. No other coagulation product was
administered during the time period of the study; if such
were thought necessary by the attending physician, an
exit blood sample was obtained for analysis, and the pa-
tient was removed from the study.

Laboratory Methods
Whole blood was drawn from healthy random donors

at the Puget Sound Blood Center into CPD anticoagulant
and stored at 2-6° according to standard procedures.
Platelet concentrates (PLT) were produced according to
the method of Slichter and Harker.'0 Cryoprecipitated
factor VIII concentrates were prepared by the method
reported by Slichter et al.,6 using a refrigerated freezing-
thawing bath that allows the cryoprecipitate to be removed
and modified whole blood to be available for transfusion
within 8 hours of the time the blood was collected. FFP
was prepared by standard methods. Platelets were stored
at 22 C for <72 hours,"I each unit containing 60-70 ml
ofplasma. Clotting factor levels in this plasma have been
shown to contain >80% of all factors except factors V
and VIII, which are at 250% levels. Hematocrits were
calculated from the erythrocyte count and the mean cor-
puscular volume using an electronic particle counter.
Platelet counts were also performed using an electronic
particle counter.'2"3 Blood for coagulation screening tests
and clotting factor assays was collected into plastic tubes
containing 1/10 volume of 3.8% sodium citrate, appro-
priately adjusted for hematocrit." Samples were spun at
15,000 X g for 20 minutes and frozen within 2 hours of
collection at -70 C until assayed. The PT was performed
by the method of Quick using human brain thrombo-
plastin,'5 the PTT by the method ofProctor and Rapaport
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TABLE 2. Pre-entry Exclusions

Number of
Reason for Exclusion Patients

Delayed notification 23
Liver disease 3
Penetrating brain injury 2
Bum 2
Dextran use 3
Rapid demise 3
Only packed cells available I
Suspected platelet antibodies I
DIC 1
Surgeon's choice 4

Total 43

using human brain cephalin,"' and the TT by the method
of Brodsky.'7 Fibrinogen was assayed by a kinetic
method.'4"8 Values < 100 mg/dl were repeated using a
total clottable method.'9'20 Factors II, V, VII, and X were

assayed by a one-stage test based on the PT. Factors VIII,
IX, and XI were assayed by a one-stage test based on the
PTT. Normal plasma for coagulation standards was a pool
of plasmas from 25 healthy donors. Plasma deficient in
Factor II was prepared by mixing equal volumes of aged
normal serum and AL(OH)3 (Amphojel*) absorbed
plasma. Plasma deficient in Factor V was aged, oxalated
plasma. Plasmas deficient in factors VIII and IX were
obtained by plasmapheresis of patients with severe he-
mophilia A or B. Plasma deficient in Factors VII, X, and
XI were purchased from Helena Laboratories, Beaumont,
Texas.

Data Analysis

Standard statistical methods were used for data analysis,
with grouped data presented as the mean ± 1 SEM. A
one-way analysis of variance was first performed to test
significance ofdifferences between several groups ofsam-
ples. If this test indicated that a difference existed, then a

two-sample t-test was performed to assess the differences

TABLE 3. Post-entry Exclusions

Patient Component
Group* Diagnosis Reason for Exclusion

I FFP Trauma Laboratoryt
12 PLT Trauma Protocol break
17 PLT Trauma Blood samples clotted
28 PLT Trauma Blood samples lost
32 PLT Trauma Protocol break
33 PLT Trauma Protocol break
37 FFP Aneurysm Laboratoryt
38 PLT Aneurysm Laboratoryt
* FFP = fresh frozen plasma (2 units/dose); Plt or Platelets = platelet

concentrates (6 units/dose).
t Platelet count <80,000/Ml andfibrinogen < 80 mg/dl before receiving

component.
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between individual groups. Bonferroni's method was used
for correction of critical values in the case ofsimultaneous
multiple comparisons.2" Differences in proportions were
analyzed by chi square analysis and, when expected values
were less than 5, by Fisher's exact test. Regression lines
were calculated by the least-squares method and corre-
lations estimated by calculation of the correlation coef-
ficient, r, and the coefficient ofdetermination, R2. Analysis
of variance was used to calculate variance ratios, distrib-
uted as F, to test the significance of the regression. Dif-
ferences between correlation coefficients were analyzed
by Fisher's z-test.2

Results

Patient Entry and Exclusions

During the period from September 1, 1982, through
November 7, 1983, 84 patients were admitted to Har-
borview Medical Center who were at least 18 years old
and required at least 12 units of blood transfused within
12 hours. Of these, 23 were omitted from the study be-
cause their eligibility was not recognized early enough
and/or nonrandomized components were administered.
Three others expired before adequate blood samples could
be obtained. Thirteen other patients were excluded from
study for various reasons: three for severe pre-existing liver
disease, two for penetrating injuries to the brain, three for
intraoperative use of low-molecular weight dextran, two
for severe burns and thrombocytopenia, one in whom it
was determined prospectively that only packed red cells
would be available, one patient with very early develop-
ment of disseminated intravascular coagulation (DIC),
and one (who had previously received massive platelet
transfusions) who was suspected of having antiplatelet
antibodies. Four patients were excluded from the study
at the request of the attending physicians; all had severe
bleeding at the sites of injury. One of these patients was
felt to have diffuse microvascular bleeding after only 8
units of transfused blood with thrombocytopenia (platelet
count = 45,000/al) as his only significant clotting abnor-
mality. A summary of these pre-entry exclusions is pro-
vided in Table 2.

Thus, 41 patients were eligible nonexcluded candidates
for study. These patients were prospectively randomized;
22 received platelet concentrates (PLT) and 19 received
fresh frozen plasma (FFP). Eight patients were later ex-
cluded because of breaks in protocol or because a reason
for exclusion was not realized until after entry (Table 3).
There were nine patients with ruptured abdominal aortic
aneurysm (AAA) and 32 patients with trauma, most as a
result of motor vehicle accidents. Of the nine patients
with AAA, two were excluded from the final analysis be-
cause ofpresentation with massive hemostatic breakdown
(i.e., a laboratory exclusion). The trauma patients included
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TABLE 4. General Characteristics

Fresh Frozen
Group Platelets Plasma

Number 17 16
Age (years ± I SD) 58 ± 19 43 ± 22

Range 19-88 20-82
Male/female 11/6 13/3
Mortality 10/17 (59%) 8/16 (50%)
Diagnosis

Ruptured aneurysm 4 3
Trauma 13 13

Penetrating 2 1
Blunt 11 12
Liver laceration 1 5
Pelvic fracture 3 2

Hours of hypotension* 0.7 ± 0.8 1.4 ± 1.4
Hours of hypoxiat 0.6 ± 1.6 1.6 ± 3.0
Liters of crystalloid 10.5 ± 3.8 13.5 ± 5.5

* Hypotension = systolic BP < 80 mmHg.
t Hypoxia = arterial P02 < 60 mmHg.

nine patients with liver trauma (3 PLT, 6 FFP), two of
whom were excluded from final analysis for breaks in
protocol, and six patients with pelvic fractures (3 PLT, 3
FFP), ofwhom one was excluded for a break in protocol.

General Characteristics
Of 41 patients entered, 24 expired (59.9% mortality).

After exclusions, the mortality rate was 55% (18/33) (Table
4). While age, duration of hypoxia, and diagnoses were
relatively well-matched between the groups, the patients
receiving fresh frozen plasma did have a longer period of
hypotension and slightly more crystalloid solution infused
on average than the patients receiving platelet concen-
trates, although this does not achieve statistical significance
(0.05 < p < 0.10 by two-tailed t-test).
The transfusions were relatively rapid, with 80% ofthe

total transfusion accomplished within the first 6 hours.
Four out of five units of the blood administered were in
the form of modified whole blood. These same relation-
ships held when the patients were broken down by treat-
ment group (Fig. 1). An average of 20.6 units of blood
was transfused per patient with ranges of 12 to 39 units
for the PLT group and 14 to 41 units for the FFP group.

Hematocrits initially taken in the field were relatively
normal (Fig. 2). However, by the time the patients arrived
at the hospital, these values had dropped by 25% (p
< 0.05), indicative of the rapidity of hemorrhage, trans-
capillary refilling, and exogenous fluid administration oc-
curring in these patients. By the time 12 units of blood
had been infused, the decline in hematocrit had been ar-
rested.

Incidence ofMVB
After exclusions, 33 patients were included in the sta-

tistical analysis. Of these, 17 patients were randomized to
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FIG. 1. Cumulative volume ofblood (in units) transfused at three different
time points. Top ofeach vertical bar represents group mean with crossbars
indicating ± I SEM. PLT = 17 patients who received prophylactic platelet
component therapy; FFP = 16 patients who received prophylactic fresh
frozen plasma component therapy. MWB = modified whole blood; PRBC
= packed red blood cells.

receive PLT and 16 patients received FFP. Six patients
exhibited abnormal microvascular bleeding, three from
each component group. This was an incidence of ap-
proximately 18%, a rate no different from that seen in
our previous study of patients with similar injuries who
received no prophylactic therapy whatsoever (Table 5).
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FIG. 2. Alterations in group mean hematocrit values (± 1 SEM) at four
sample time points. PLT = patients receiving prophylactic platelet com-
ponent therapy; FFP = patients receiving prophylactic fresh frozen plasma
therapy. No significant differences between the two study groups exist.
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TABLE 5. Incidence ofMicrovascular Bleeding

Prior Study3
Platelet FFP
Group Group (No Treatment)

Number of patients 17 16 24*
Number with MVBt 3 3 5
(Per cent) (18) (19) (21)

* Excluding patients with disseminated intravascular coagulation.
t MVB = microvascular bleeding.

Six patients had been ingesting alcohol just prior to
injury; none of these patients exhibited microvascular
bleeding. One patient (#38) who was excluded for labo-
ratory reasons was taking warfarin and dipyridamole at
the time of admission. Importantly, patient #31 (PLT
group), who developed MVB after 16 units ofblood, was
taking aspirin at the time of admission for a ruptured
AAA. This may have played a role in the development
of his abnormal bleeding. There was no other significant
history of anticoagulant drug ingestion, bone marrow
failure, thrombocytopenia, coagulation factor deficiency,
or vasculitis in any study patient.
A clinical description ofthe patients with MVB is found

in Table 6. Only one patient (# 19) showed evidence that
dilutional thrombocytopenia was responsible for the
MVB. This patient was randomized to receive FFP pro-
phylactically, developed thrombocytopenia with MVB
after 20 units ofblood were transfused, and was effectively
treated with a single dose of 6 units of platelet concen-
trates. Two patients who received PLT (#23 and #31) and
one patient who received FFP (#29) required multiple
doses of platelet concentrates (6 units per dose) over sev-
eral days for persistent thrombocytopenia and diffuse
oozing. In these cases, infusion of platelets raised the
platelet counts and controlled the oozing transiently, but
subsequent reductions in platelet counts occurred with
recurrent oozing. This phenomenon continued for 2 to 4
days following the termination ofthe massive transfusion
of modified whole blood. The other two patients with

TABLE 6. Patients with Microvascular Bleeding:
Response to Treatment

Patient Study Platelet
Number Group* Count Treatment Result

19 FFP 40,000 Platelets* x I Bleeding stopped
22 FFP 43,000 Blood Died on table
29 FFP 69,000 Platelets X 3 Bleeding> 24 h
23 Plt t Platelets X 3 Bleeding> 24 h
31 Plt 95,000 Platelets X 4 Bleeding> 24 h
40 Plt 117,000 None Died, still oozing

* FFP = Fresh frozen plasma (2 units/dose); Plt or Platelets = Platelet
concentrates (6 units/dose).

t Platelet count after platelet concentrate therapy was 87,000.

MVB (#22 and #40), one from each treatment group,
died from other causes with their coagulopathy uncor-
rected.

Coagulation Screening Tests and Clotting Factor Assays

The results ofthe coagulation screening tests (PT, PTT,
TT, fibrinogen) obtained on the 33 patients revealed no
significant differences between the two study groups at
any time point. Furthermore, there appeared to be no
trends in these tests for either study group.23 As an isolated
event, the administration ofFFP raised levels offibrinogen
significantly (p < 0.05) from 147 to 221 mg/dl. However,
this change was not significant when corrected for si-
multaneous multiple comparisons.
The mean values for per cent ofnormal activity ofmost

of the clotting factors assayed (II, VII, VIII, IX, X, and
XI) also showed no significant differences between the
two study groups.23 After the first dose ofcomponent, the
mean level of factor V activity was significantly higher in
the group receiving FFP (p < 0.05 after correcting for
multiple comparisons) than those receiving PLT, and was
also higher than the level existing before the component
was administered (p < 0.01). However, the levels offactor
V activity were seriously low (<25%) in only six patients
(3 from each study group), and MVB developed in only
two of these patients (1 from each group). Furthermore,
factorV levels were identical between the two study groups
by the time of exit from the study.

Platelet Counts

Platelet counts were found to drop significantly in all
groups during transfusion (Fig. 3). After the component
was administered, the counts increased noticeably but in-
significantly in the group receiving platelets; however, this
was a short-lived effect as the platelet count continued to
decline until the patient exited the study. In the group
receiving FFP, the platelet counts continued to decline
throughout the study period.
An inverse relationship is apparent when platelet counts

are plotted against the number ofunits ofblood transfused
before the administration ofthe component (PLT or FFP)
(Fig. 4), confirming previous studies.3-5 These regressions
are highly significant (p < 0.0002), but as previously
found,4 the variability is high, as indicated by a coefficient
of determination (R2) of 0.37.

However, after the administration ofeither component,
the relationship between the platelet count and the
amount of blood transfused disappears (p > 0.10 and R2
< 0.15). This flattening of the slope is seen even in the
group that received only FFP and no platelets, making it
unlikely that the administration of platelets alone is re-
sponsible for arresting the drop in platelet counts. Rather,
since massive transfusion with platelet-poor stored blood
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has a dilutional effect on platelet counts, the relationship
between platelet counts and the amount of blood trans-
fused is exponential rather than linear.3 5'24'25 Thus, the
change in slope seen in linear regressions performed before
and after 12 units ofblood had been transfused is a func-
tion ofthe incremental reduction in slope present in such
a washout phenomenon. Any effect ofplatelet transfusions
on halting the decline in platelet counts is minimal when
compared to the major effect already produced by dilu-
tion. The regression lines for the two groups are nearly
parallel to each other and are not different by Fisher's z-
test for comparing correlation coefficients (p > 0.4).
When exponential regressions are performed on the

data in the two treatment groups (Fig. 5), a significant
relationship is seen throughout the time course ofthe study
(p < 0.05), but again variability is high (R2 = 0.24 for
patients receiving platelets and R2 = 0.35 for patients re-
ceiving FFP). Again, there is no significant difference be-
tween the regression lines by Fisher's z-test for comparing
correlation coefficients (p > 0.6).

It is possible to calculate theoretical values for the di-
lutional effects on platelet counts by continuous exchange
transfusion from the equation:

Platelet countt = platelet counto X e-bt (1)

where 0 and t refer to the time of origin and the time of
interest, respectively, b refers to the blood volume infused
in time t, and v is the recipient's blood volume. The results

11

* PLT group (n= 17)
O FFP group (n= 16)

* p<0.02 from prior sample
** p<0.005 from prior sample

Admission After After At
12 component exit

units

Sample time points

FIG. 3. Alterations in group mean platelet counts (± I SEM) at four
sample time points. PLT = patients receiving prophylactic platelet com-
ponent therapy; FFP = patients receiving prophylactic fresh frozen plasma
therapy. No significant differences between the two study groups exist.
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FIG. 4. Plot of platelet counts against the number of units ofblood trans-
fused to the patient. Separate linear regression lines are drawn for each
treatment group for data taken before prophylactic component therapy
was administered (<12 units of blood transfused) and for data taken
after prophylactic component therapy was administered (>12 units of
blood transfused). Regressions for both treatment groups are statistically
significant at <12 units of blood transfused (p < 0.001) but are not
statistically significant at > 12 units of blood transfused (p > 0.1).

of such calculations are also depicted in Figure 5; the as-
sumption ofa normal average blood volume of65 ml/kg
is made for a standard body weight of 70 kg.26 From this
figure, it is apparent that not only were the platelet counts
higher than predicted for the group that received prophy-
lactic platelets, but they were also higher than would be
anticipated for the group that received only FFP.

Discussion

We and others have previously identified dilutional
thrombocytopenia as the major cause of diffuse micro-
vascular bleeding that sometimes occurs during the
massive transfusion of stored blood.2-5 Because of this
evidence, we conducted a prospective, randomized dou-
ble-blind clinical study to test the hypothesis that the ad-
ministration of prophylactic platelet concentrates with
every 12 units of blood transfused would effectively pre-
vent thrombocytopenia and diffuse microvascular bleed-
ing, except in cases of disseminated intravascular coag-
ulation. Because platelet concentrates also contain fresh
plasma, a control group of patients was also randomly
assigned to receive fresh frozen plasma.
Our results indicate that such prophylactic therapy is

ineffective in preventing diffuse microvascular bleeding.
Three of 17 patients who received PLT (17.6%) and three
of 16 patients who received FFP (18.8%) developed diffuse
microvascular bleeding that was not a consequence of
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Platelet group
FFP group

-Predicted levels

FIG. 5. Exponential regres-
sion lines for data points pre-
sented in Figure 4. Regres-
sion lines for both treatment
groups are statistically signif-
icant (p < 0.000l). Line
drawn for predicted levels of
platelet counts is based on
an exponential equation for
continuous exchange trans-
fusion (see text).

r=0.45

15 30

Units of blood transfused

DIC as defined by our criteria (platelet count < 80,000/
,ul and fibrinogen < 80 mg/dl). In a previous study,3 we
found that five of24 patients (20.8%) developed non-DIC
diffuse microvascular bleeding, an incidence not signifi-
cantly different from the current study.
The effectiveness ofprophylactic platelet administration

in preventing thrombocytopenia during massive trans-
fusion is also questionable. While the average platelet
counts were higher after the administration of platelet
concentrates with every 12 units ofblood than in patients
who received FFP (Fig. 3), the overall declining trend of
platelet counts during massive transfusion was not ap-
preciably altered. Simple linear regression was able to find
a relationship between platelet counts and the amount of
blood transfused only during the initial phase of trans-
fusion, before any blood component had been adminis-
tered (Fig. 4). However, there was a great deal ofvariability
in the relationship, as we had seen in our previous study,3
implying that more than mere dilution was responsible
for the platelet counts observed. By using exponential
regression for what is presumably an exponential function,
it can be seen that the curves for the two treatment groups
in our study are essentially parallel and not significantly
different from each other (Fig. 5). Approximately 35% of
the variability in platelet counts can be accounted for by
dilution (R2 = 0.35) in the patients who received only
FFP, while dilution accounts for less of the variability
seen in the patients who received platelet concentrates
(R2 = 0.24), most likely because of the slight positive in-
fluence on platelet counts from the administration of
platelets. However, it is interesting that in both groups,
the regression lines seen are noticeably higher than those
predicted to occur if thrombocytopenia were 100% the
result of dilution. Miller, et al.,5 noted similar findings in

their study of massive blood transfusion in battle casual-
ties. When the estimated blood volume is calculated from
the exponential regression lines observed in the group re-

ceiving FFP, one obtains an amount (15.4 liters) that is
roughly three times larger than the normal range.22 This
volume refers to the platelet-containing pool that is theo-
retically being depleted by exchange transfusion with
platelet-poor stored blood. The implication is that platelets
are being released into the circulation counteracting the
effects ofdilution. The most likely source for such platelet
reserves is the spleen,27-29 which normally pools about
one-third of the circulating platelets.30 Alternative expla-
nations for higher than expected platelet counts include
circulation of nonfunctional platelets (such as may have
been transfused in the blood units) and premature release
from bone marrow. The prophylactic administration of
platelet concentrates adds little to the large endogenous
release implied in Figure 5.

It may be argued that it is difficult to prevent a situation
that has already occurred. The important feature of an
exponential function as given in equation (1) is that the
major drop in platelet counts occurs very early, and later
changes become progressively smaller. From the estimated
curves in Figure 5, it is apparent that platelet counts in
an asplenic person might fall below 100,000 from dilution
with as little as 6 units of platelet-poor blood. While the
observed exponential regression line for the group of pa-
tients who received only FFP indicates that endogenous
mobilization was able to maintain counts above 100,000
beyond 12 units of transfused blood (Fig. 5), the overall

average platelet counts actually observed (Fig. 3) would
indicate that platelet counts had already fallen below
100,000 before the first unit of platelet concentrates was
due to be given. Indeed, as previously mentioned, there
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was one patient excluded from entry into this study be-
cause his platelet counts had already fallen below 80,000,
and he had developed diffuse microvascular bleeding after
only 8 units of transfused blood; his fibrinogen level and
coagulation screening tests were not markedly abnormal
at the time. Obviously, the platelet count a patient initially
presents with is a significant determinant ofthe levels his
platelet count may drop to from dilution alone. However,
the large portion ofthe decline in platelet counts will occur
early in the dilution. It is therefore not surprising that our
administration of platelet concentrates after 12 units of
blood had been transfused had little effect on the platelet
counts; at that point, the counts were already markedly
depressed and the continuing effects of dilution were
minimized.

It should not be concluded, though, that platelet con-
centrates should be administered earlier in the course of
transfusion to prevent dilutional thrombocytopenia. It is
difficult to anticipate which patients are necessarily going
to require large transfusions initially and even more dif-
ficult to anticipate which will develop diffuse microvas-
cular bleeding.3 Additionally, simple dilutional throm-
bocytopenia as a cause of diffuse microvascular bleeding
may be less common than previously thought. In our cur-
rent study, we identified only one patient (#19) out of 16
who developed thrombocytopenia while receiving platelet-
poor transfusions and whose bleeding promptly ceased
following the administration ofa single six-pack ofplatelet
concentrates. It would be wasteful to administer platelets
prophylactically to all patients for a condition that at most
may affect only one out of 16 (6.25%) of those with mas-
sive transfusion, and for a condition that is so readily and
effectively treated when it occurs. This is especially true
if one undertook to prevent the condition by the early
administration of platelet concentrates to maintain nor-
mal platelet counts; many patients who may initially re-
quire rapid blood transfusions do not ultimately require
massive amounts.

Additionally, it appears that thrombocytopenia in pa-
tients who develop MVB is caused not only by dilution
but also by consumption of platelets; indeed, two-thirds
of the thrombocytopenia was not accounted for by dilu-
tion with blood transfusions (R2 = 0.35). Consumption
is indicated by the fact that three of the six patients who
developed MVB required repeated doses of platelets to
maintain adequate platelet counts and to halt their per-
sistent oozing. Much of this took place after the initial
period of massive transfusion, and thus ongoing dilution
was not a factor in the loss of platelets. Two of these pa-
tients had sustained pelvic fractures and one had suffered
a ruptured abdominal aneurysm; these are clinical situ-
ations that may well predispose patients to develop platelet
consumption.3' Evidence for the consumption of other
clotting factors was present in most of the patients with

MVB, although rarely to severe levels unless DIC had
developed.23 Only one patient (#19) had MVB in the
presence of thrombocytopenia and adequate levels of
other clotting factors.
Our results indicate that thrombocytopenia developing

from the rapid, massive transfusion of stored blood starts
early, but is counteracted by endogenous platelet release
keeping platelet counts to levels higher than predicted by
standard washout equations. The subsequent develop-
ment ofdiffuse microvascular bleeding in certain patients
is most often the result of platelet and/or clotting factor
consumption initiated by the patient's injuries. Dilutional
thrombocytopenia as a cause of MVB is infrequent
enough that the prophylactic administration of platelet
concentrates to attempt to prevent such bleeding is un-
warranted. If evidence of platelet consumption can be
found once diffuse microvascular bleeding has developed,
then platelet administration is obviously necessary, but
large amounts and repeated doses are often required.
Currently, no reliable method exists to identify which pa-
tients are likely to develop this complication.
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