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Abstract

Background—RPlatelets play a central role in hemostasis after trauma. However, the platelet
count of most trauma patients does not fall below the normal range (100-450 x10%/L), and as a
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result, admission platelet count has not been adequately investigated as a predictor of outcome.
The purpose of this study was to examine the relationship between admission platelet count and
outcomes after trauma.

Methods—Retrospective cohort study of 389 massively transfused trauma patients. Regression
methods and the Kruskal-Wallis test were used to test the association between admission platelet
count and 24 hour mortality and units of PRBCs transfused.

Results—For every 50 x 10%/L increase in admission platelet count, the odds of death decreased
17% at 6 hours (p=0.03, 95% CI 0.70-0.99) and 14% at 24 hours (p=0.02, 95% CI 0.75-0.98). The
probability of death at 24 hours decreased with increasing platelet count. For every 50 x 10%/L
increase in platelet count, patients received 0.7 fewer units of blood within the first 6 hours
(p=0.01, 95% CI -1.3- -0.14) and one less unit of blood within the first 24 hours (p=0.002, 95% ClI
-1.6 - -0.36). The mean number of units of PRBCs transfused within the first 6 and 24 hours
decreased with increasing platelet count.

Conclusions—Admission platelet count was inversely correlated with 24 hour mortality and
transfusion of PRBCs. A normal platelet count may be insufficient after severe trauma, and as a
result, these patients may benefit from a lower platelet transfusion threshold. Future studies of
platelet number and function after injury are needed.

Introduction

Uncontrolled hemorrhage is a major cause of mortality in both civilian and military trauma
patients (1, 2). Only 2% of severely injured trauma patients arrive to the hospital in
hemorrhagic shock requiring a massive transfusion (1), defined as transfusion of =10 units
of packed red blood cells (PRBCs) over 24 hours. However, the mortality rate in this subset
of trauma patients is about 40%, with half of these deaths occurring within the first 24 hours
(3). Several studies indicate that many of these traumatic deaths due to hemorrhage are
preventable (2, 4), and therefore a significant amount of research has been done to
investigate resuscitation strategies and other therapeutic measures that may lead to improved
survival in these patients. Most of these studies have focused exclusively on determining the
optimal ratio of fresh frozen plasma (FFP) to PRBCs needed to prevent and reverse the
coagulopathy of trauma (5-7). However, one landmark study examined platelet:PRBC ratio
in addition to FFP:PRBC ratio and demonstrated that patients who received an FFP:PRBC
ratio =1:2 in addition to a platelet:PRBC ratio =1:2 had the greatest overall survival,
compared to patients who received lower ratios (1).

Platelets serve two critical functions of the coagulation process. Platelet adhesion and
aggregation at the site of endothelial injury forms a hemostatic plug, and platelets enhance
activation of coagulation proteases leading to thrombus formation (8, 9). Despite these
important roles, there are very few studies investigating the effects of platelet function in
severely injured trauma patients (9, 10) and even fewer studies investigating the effect of
platelet count on trauma outcomes (11). We investigated the effect of admission platelet
count on mortality and the number of units of PRBCs transfused in a cohort of massively
transfused civilian trauma patients. In addition, we examined whether platelet count is
associated with injury severity and coagulopathy on admission.

J Trauma. Author manuscript; available in PMC 2015 March 26.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al.

Methods

Results

Page 3

The cohort for this study included 389 massively transfused (=10 units of PRBCs within the
first 24 hours of admission) trauma patients. These patients are a subset of patients from an
Institutional Review Board approved, retrospective, multicenter study that included adult
trauma patients who arrived from the scene and received at least one unit of PRBCs in the
Emergency Department (ED) (1). The multicenter trial included patients from sixteen level |
trauma centers between July 2005 and June 2006.

The primary outcome of this study was mortality. We explored mortality at two time points:
6 hours and 24 hours, but chose to focus on mortality at 24 hours because interventions such
as platelet transfusions likely have more of an impact on outcome compared to mortality at 6
hours. Secondary outcomes included the number of units of PRBCs transfused and the
association of admission platelet count with injury severity and coagulopathy on admission.
We examined the relationship between admission platelet count and admission International
Normalized Ratio (INR) and partial thromboplastin time (PTT). Admission INR and PTT
were analyzed as continuous predictors. However, in one analysis, we defined coagulopathy
asan INR 21.4.

Patients were categorized according to admission platelet count into one of the following
arbitrary categories: 0-100 x 10%/L, 101-200 x 10%/L, 201-300 x 109L, and =301 x 109/L.
Patients were further categorized into four injury severity groups according to Injury
Severity Score (ISS) and admission base deficit: 1) ISS =25, base deficit =-6, 2) 1SS =25,
base deficit <-6, 3) ISS <25, base deficit >-6, and 4) ISS <25, base deficit <-6. These cutoffs
for ISS and base deficit have been used in prior studies (12-16).

The chi-squared test was used to test for an association between nominal categorical
variables. The Kruskal-Wallis test was used to test for an association between nominal
categorical variables and non-normally distributed continuous variables. Spearman's
correlation coefficient was used to test for an association between two non-normally
distributed continuous variables. Logistic regression was used for the dichotomous outcomes
mortality at 6 hours and at 24 hours. Linear regression was used for the continuous outcome
number of units of packed red blood cells (PRBCSs) transfused. A lowess curve was used to
graph the association between admission platelet count and admission INR and PTT. A
multivariable logistic regression model with mortality at 24 hours as the outcome and
admission platelet count, ISS, glasgow coma score (GCS), and admission base deficit was
built. We controlled for ISS GCS, and admission base deficit because these are well
established predictors of mortality in trauma patients. The model was tested using the
linktest and the Hosmer-Lemeshow goodness-of-fit test, the area under the receiver operator
characteristic curve was determined, and the model was graphed. STATA SE 10.1 (College
Station, TX) was used for all statistical analyses.

There were 389 patients in the cohort (Table 1). Overall mortality was 14% (54 patients) at 6
hours and 25% (96 patients) at 24 hours. There were 45 patients (12%) with an admission
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platelet count between 0-100 x 109/L, 149 patients (38%) with 101-200 x 109/L, 138
patients (35%) with 201-300 x 10%/L, and 57 patients (15%) with >301 x 109/L.

Platelet Count and Mortality

For every 50 x 109/L increase in admission platelet count, the odds of death at 6 hours
decreased 17% (p=0.03, 95% CI 0.70-0.99) and the odds of death at 24 hours decreased 14%
(p=0.02, 95% CI 0.75-0.98). For those who received platelets within the first 24 hours, the
odds of death at 24 hours were 67% lower compared to those who did not receive platelets
(p<0.001, 95% CI 0.20-0.57). Of those with an admission platelet count between 0-100 x
109/L, 33% died within 24 hours, 101-200 x 10%/L, 30% died, 201-300 x 10%/L, 21% died,
and =301 x 10%/L, 14% died. The probability of death at 24 hours decreased with increasing
platelet count (Figure 1).

In a logistic regression model predicting mortality at 24 hours, the odds of death decreased
12% (p=0.08, 95% CI 0.76-1.02) for every 50 x 10%/L increase in platelet count. This model
controlled for other well established predictors of mortality in trauma patients including ISS,
GCS, and admission base deficit (Figure 1 and Table 2).

Blood Product Transfusions

There were 147 patients (38%) who did not receive any platelet transfusions within the first
6 hours and 74 patients (19%) who did not receive any platelet transfusions within the first
24 hours. There were 7 patients with a platelet count <50 x 10%/L and 4 of them (57%)
received a platelet transfusion within the first 6 hours and the first 24 hours. There were 42
patients with a platelet count <100 x 109/L; 30 of these patients (71%) received a platelet
transfusion within the first 6 hours and 34 (81%) received a platelet transfusion within the
first 24 hours. The platelet count on admission was associated with whether platelets were
transfused within the first 6 hours, but not within the first 24 hours (Table 3).

Patients received 0.7 fewer units of blood within the first 6 hours for every 50 x 109/L
increase in platelet count (p=0.01, 95% CI -1.3- -0.14). Patients received one fewer unit of
blood within the first 24 hours for every 50 x 10%/L increase in platelet count (p=0.002, 95%
Cl -1.6 - -0.36). The mean number of units of PRBCs transfused within the first 6 hours and
the first 24 hours decreased with increasing platelet count (Table 4).

Injury Severity and Coagulopathy

There were 194 patients (50%) with an ISS >25 and admission base deficit >-6, 107 patients
(28%) with an ISS <25 and base deficit =-6, 52 patients (13%) with an 1SS >25 and base
deficit <-6, and 36 patients (9%) with an ISS <25 and base deficit <-6. In the two injury
severity groups with a base deficit =-6, there were similar percentages of patients in each of
the platelet count categories (Figure 2). In these two injury severity groups, greater than
50% of patients had an admission platelet count <200 x 10%/L. In the two injury severity
groups with a base deficit <-6, greater than 50% of patients had an admission platelet count
>201 x 10%/L. When 1SS and admission base deficit were analyzed separately, admission
platelet count was not associated with ISS (r2=-0.06, p=0.25) or admission base deficit
(r?=0.18, p<0.001).

J Trauma. Author manuscript; available in PMC 2015 March 26.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al.

Page 5

Admission INR and PTT were associated with admission platelet count (r2= -0.48, p<0.001
and r2= -0.46, p<0.001). As the admission platelet count increased, admission INR and PTT
decreased (Figure 3). Of those with a platelet count 0-100 x 10%/L, 88% also had
coagulopathy (INR >1.4), 101-200 x 109, 60% were coagulopathic, 201-300 x 109, 42%
were coagulopathic, 301 x 109, 24% were coagulopathic (p<0.001). Similar to admission
platelet count, admission INR and PTT were not associated with injury severity (r2= 0.14,
p=0.007 and r?= 0.23, p<0.001). Admission INR was not associated with base deficit (r2=
-0.18, p<0.001), but admission PTT was associated with base deficit (r?= -0.30, p<0.001).

Discussion

In this cohort of massively transfused trauma patients, our results indicate that as the
admission platelet count increases, the probability of death at 24 hours decreases.
Furthermore, admission platelet count shows a trend towards prediction of early mortality in
an adjusted analysis including other well established predictors of mortality in these patients.
In addition, patients with a higher admission platelet count receive fewer units of PRBCs
within both the first 6 hours and 24 hours after admission. Lastly, platelet count is associated
with the combination of ISS and admission base deficit and also with coagulopathy on
admission.

As admission platelet count increases, the probability of death at 24 hours decreases. This
platelet count represents a baseline platelet count after injury that is present before the start
of major resuscitation. Once two blood volumes have been replaced by crystalloid or
PRBCs, the platelet count may decrease to approximately 50 x 10%/L due to dilution (17,
18). This dilutional thrombocytopenia leads to microvascular bleeding. Therefore, a low
platelet count on admission followed by dilution leads to an even lower platelet count that
may then result in poorer outcomes. Several other studies, each examining different types of
patients, support our finding that decreased platelet counts are associated with increased
mortality. One study at a major level | trauma center showed a stepwise, dose response
association between the severity of coagulopathy (indicated by platelet count, PTT, INR,
and fibrinogen) present on admission and in-hospital mortality (11). In patients with
traumatic brain injury, low platelet counts were associated with mortality and vegetative
state at 6 months (19). However, it was unclear whether the platelet counts used for the
analyses in that study were from the time of admission or from some other time point during
hospitalization. Finally, one study reported that increased amounts of plasma and platelets
given in the operating room in predetermined ratios in patients undergoing operation for
ruptured abdominal aortic aneurysm improved survival (20). That study demonstrated a
stepwise, dose response association between platelet count and survival. There was 30%
survival in patients with a platelet count <50 x 10%/L upon admission to the ICU after
surgery, 45% in those with a platelet count between 50 x 10%/L and 100 x 10%/L, and 69% in
those with a platelet count >100 x 10%/L. Interestingly, although guidelines recommend
maintaining the platelet count >50 x 10%/L, in that study, patients with an even greater
platelet count (>100 x 10%/L) had better survival than those with a normal platelet count of
50 x 109/L-100 x 109/L.
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Current transfusion guidelines recommend maintaining a platelet count greater than 50 x
10%/L and greater than 100 x 10%/Lfor patients with multiple trauma or CNS injury (18).
Interestingly, only 57% of patients with an admission platelet count <50 x 10%/L in our
trauma cohort received a platelet transfusion during the first 24 hours and 81% of patients
with an admission platelet count <100 x 10%/L received a platelet transfusion during the first
24 hours. Although we do not have data on platelet counts later in the resuscitation, this is a
cohort of massively transfused trauma patients, and therefore, without any platelet
transfusion the platelet count on admission can be expected to decline over the course of
resuscitation. It may be important to anticipate which trauma patients are likely to need a
massive transfusion because these patients are at greater risk of developing dilutional
thrombocytopenia. In addition, there is individual variability in response to injury. Most
trauma patients are young, otherwise healthy individuals and may be able to tolerate a lower
platelet count. However, many trauma patients are elderly and may have underlying
comorbidities that contribute to decreased platelet function. These patients may have a lower
transfusion threshold than younger patients with no comorbidities.

While platelet count appears to be a predictor of mortality, it is important to recognize that
not all platelets accounted for in the platelet count are functional. Major trauma affects
platelet function. One study measured both platelet function and platelet activation
parameters in Level I and Il trauma patients (9). That study demonstrated that platelet
function and activation increase immediately after trauma and then return to normal over the
next few days. Importantly, non-survivors were likely to have a combination of decreased
platelet function and increased platelet activation. In addition, many severely injured trauma
patients are hypothermic and have acidemia. Acidosis inhibits platelet aggregation (21) and
hypothermia reversibly decreases platelet function (22). Furthermore, a fraction of the
platelets within each transfusion unit are non-viable. The recovery rate of five-day old
platelets after transfusion is about 50% (17). Non-viable platelets are sequestered in the
spleen and it is unknown how quickly these non-viable platelets are removed from the
circulation (17). A normal platelet count may provide the clinician with a false sense of
security, because not all platelets are functional. In our analysis, we observed that patients
with a normal platelet count had an increased risk of death compared to those with higher
platelet counts.

While it is easy to determine platelet count, assessing platelet function is more challenging.
Rotational thromboelastography (TEG) can provide evidence of reduced platelet function,
but lacks the ability to determine the mechanism of decreased function. Several investigators
have evaluated the use of TEG to guide platelet transfusion, however, to date there are no
codified criteria on its use. Platelet function can be determined by flow cytometry or other
functional analyses some of which are currently commercially available, but there are no
comprehensive studies of platelet function after trauma. In light of our finding that even
normal platelet counts are often inadequate, the study of platelet function represents an
important focus for future investigation.

Several retrospective trauma studies have investigated the effect of platelet:PRBC
transfusion ratios on survival. Two of these studies demonstrated that trauma survivors
received a platelet to PRBC transfusion ratio of 0.8 compared to 0.5 in non-survivors (4, 16).
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The most recent study to examine transfusion ratios in massively transfused trauma patients
investigated both the FFP:PRBC ratio and the platelet:PRBC ratio (1). Overall survival was
71% in patients who received both an FFP:PRBC ratio >1:2 and a platelet:PRBC ratio >1:2,
compared to 41% in patients who received both an FFP:PRBC ratio <1:2 and a
platelet:PRBC ratio <1:2. These studies have provided important insight into the association
between resuscitation strategies and trauma outcomes. Guidelines for platelet transfusions
are based on observational studies like these and expert opinion. Prospective, randomized
studies using predetermined platelets:PRBC ratios and FFP:PRBC ratios versus standard
routine resuscitation are needed to determine whether improved outcomes can be achieved
in massively transfused trauma patients.

Ten to fifteen percent of all PRBCs are used for injured patients (3). If traumatic
hemorrhage can be stopped early, then each trauma patient may require fewer units of
PRBCs. Our results indicate that as admission platelet count increases, the number of units
of PRBCs transfused decreases. Ideally, a prospective study of massively transfused trauma
patients that records baseline admission data and then follows each patient's clinical course
throughout the resuscitation phase, the operation, and finally the intensive care unit is
needed to determine how the timing of blood product transfusions affects lab values and
more importantly, mortality and other trauma outcomes. In addition, this study design may
help to determine lab value cut points that may serve as transfusion triggers for these
patients.

In our study, as admission base deficit increased, platelet count decreased. This is consistent
with the results of a study of early coagulopathy in military trauma patients (23). In that
study, coagulopathy was defined as an INR >1.5 and within each ISS category, those with a
greater base deficit were more likely to be coagulopathic. Our findings are concerning since
it is well known that platelet function is impaired in the setting of acidosis. Therefore,
greater base deficit may be associated with both decreased platelet count and impaired
function. Prior studies have shown a clear association between coagulopathy, defined by
INR, and injury severity (11, 24). The prevalence of coagulopathy increases with increasing
injury severity. However, in our analysis, admission platelet count, INR, and PTT were not
associated with injury severity.

Most authors define acute traumatic coagulopathy using either an INR or a PTT cut point.
The role of platelets in acute traumatic coagulopathy is unclear. One reason for this may be
that there is great variability in the critical number of platelets required for clot initiation
(25, 26). However, since platelets play a critical role in the coagulation process, defining
acute traumatic coagulopathy using only INR and PTT parameters may overlook important
deficiencies that may be treatable by transfusing platelets.

In conclusion, admission platelet count is inversely correlated with 24 hour mortality and
transfusion of PRBCs. A normal platelet count may be insufficient after severe trauma, and
as a result, these patients may benefit from a lower platelet transfusion threshold. Future
studies of platelet count and function after injury are needed to determine which transfusion
strategies will improve outcomes after major trauma.
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Figure 1. Probability of Death at 24 Hours by Admission Platelet Count
Unadjusted logistic regression model includes admission platelet count. Adjusted logistic

regression model includes admission platelet count, Injury Severity Score, Glasgow Coma
Score, and admission base deficit.
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Figure 3. Association Between Admission Platelet Count and Admission INR and Admission
Platelet Count and Admission PTT
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Table 1
Baseline Characteristics of the Trauma Cohort (n=389)
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Characteristic
Age
Male gender
Mechanism of Injury
Penetrating
Blunt
Injury Severity Score
Glasgow Coma Score
Laboratory Values
Base Deficit
INR
PTT
Platelet Count
Vital Signs
Heart Rate
Systolic Blood Pressure
Respiratory Rate
Temperature (C)
Blood Product Transfusion
Units of PRBCs
within first 6 hours
within first 24 hours
Units of FFP
within first 6 hours
within first 24 hours
Units of Platelets
within first 6 hours
within first 24 hours
Liters of crystalloid
within first 6 hours

within first 24 hours

All Trauma Patients
36 (25-50)
287 (74%)

129 (33%)
259 (67%)
32 (22-43)
10 (3-15)

-10 (-15 - -6)
1.4 (1.2-1.7)
31.1 (25.6-44.8)
201(138-263)

118 (97-137)
100 (80-119)
16 (20-26)
36.1 (35.5-36.7)

12 (9-20)

15 (12-24)

7 (4-11)
9 (6-15)

2(0-8)
6 (2-12)

7 (4-11)
10 (7-17)

1 . .
Median (Interquartile Range)
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Table 2
Multivariable Analysis: Predictors of Mortality at 24 Hours?
Predictor Adjusted Odds Ratio pvalue  95% ClI
Injury Severity Score 1.05 <0.001 (1.03-1.07)
Glasgow Coma Score 0.99 0.80 (0.94-1.05)
Admission Base Deficit 0.92 <0.001  (0.89-0.96)
Admission Platelet Count? 088 0.08  (0.76-1.02)

lArea under the ROC curve=0.76 for this prediction model

2 . .
per 50 x 109/L increase in platelet count
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Table 3
Admission Platelet Count and Platelet Transfusion within the First 6 and 24 Hours

Platelet Transfusion

Platelet Count ~ Within First 6 Hours  Within First 24 Hours

Yes No Yes No

0-100 x 10%/L 73% 27% 82% 18%

101-200 x 10%L  70% 30% 85% 15%

201-300 x 10%L  51% 49% 78% 22%

2301 x 109/L 60% 40% 75% 25%
p=0.0051 p=0.3

1p-va|ue for chi-squared test
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Number
Count

Table 4

of Units of Packed Red Blood Cells (PRBCs) Transfused by Admission Platelet

Platelet Count Number of Units of PRBCs Transfused

Within First 6 Hours  Within First 24 Hours

0-100 x 109/ 19.4+118 25.8+17.7
101-200 x 10%/L 16.4+10.3 205+12.7
201-300 x 10%/L 136+9.6 175+9.0

2301 x 109/L 15.1+11.2 18.8+10.0

p=0.0011 p=0.01

1 .
p-value for Kruskal-Wallis test
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