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Early Aggressive Use of Fresh Frozen Plasma Does Not
Improve Outcome in Critically Injured Trauma Patients

Thomas M. Scalea, MD, Kelly M. Bochicchio, RN, BSN, MS, Kim Lumplins, MD,
John R. Hess, MD, MPH, Richard Dutton, MD, Anne Pyvle, RN, BSN, M5,
and Grant V. Bochicchio, MD, MPH

Ojectives: Recent data from Irag supporting early aggressive use
of fresh frozen plasma (FFP) ina 1:1 ratio to packed red blood cells
(FRBCs) has led many civilian trauma centers to adopt this resource
intensive strategy.

Methods: Prospective data were collected on 806 consecutive
frauma patients admitied to the intensive care unit over 2 years.
Patients were stratified by PRBC:FFP transfusion ratio over the first
24 hours. Stepwise regression models were performed controlling
for age, gender, mechanism of mjury, injury severity, and acute
physiology and chronic health evaluation (APACHE) 2 score to
determing if early aggressive use of PRBC:FFP improved outcome.
Results: Seventy-seven percent of patients were male (N = 617)
and 85% sustained blunt injury (n = 630). Mean age, injury severity
scare (155), and APACHE score were 43 + 20 vears, 29 = 13, and
13 = 7, respectively, Mean number of PRBCs and FFP transfused
were 7.7 £ 12U 6 U, and 5 * 12 (], respectively, Three hundred
sixty-five (45%) patients were transfused in the first 24 hours,
Sixty-eight percent (n = 230) of them received both PRBCs and
FFP, Analyzing these patients by stepwise regression controlling for
all significant variables, the PRBCFFP ratio did not predict inten-
sive care unil days, hospital days, or mortality even in patients who
received massive transfusion (=10 U). Furthermore, there was no
significant difference in outcome when comparing patients who had
a 111 PRBCFFP ratio with those who did not receive any FFP,
Conclusion: Early and aggressive use of FFP does not improve outcome
afier civilian injury. This may reflect inherent differences compared
with military injury; however, this practice should be reevaluated.

[Ann Surg 2008;248: 5TE-584)

Crilitally injured trauma patients presenting in hemor-
thagic shock whe are unresponsive to crvstalloid resus-
citation have an absolute indication for early packed red
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bleod cell (PRBC) transfusion. Signs and symptoms such as
hypotension, tachycardia, oliguria, lactic acidosis, and signif-
icant base deficit indicate that oxygen consumption is hemo-
globin-dependent or at the state of critical oxygen delivery.
The prompt transfusion of PRBCs in conjunction with early
hemaorrhage contral can be life saving in this situation.'=

Patients in hemorrhagic shock who have been identified
to have the altered physiologic signs as listed above have
been shown to require an increased volume of PRBCs and
plasma transfusions.* > In a study of 5645 patients who
sustained acute trauma, we have previously shown that the
majority of transfusions (64%) were administered in the first
24 hours of care.® Only 3% of these patients received more
that 10 U of RBCS. Almost all of these patients received
plasma and platelet transfusions to treat actual or anticipated
dilutional coagulopathy.

Coagulopathy is a common ocourrence post injury as
patients bleed and undergo aggressive resuscitation. Numer-
ous strategies in regards to the use of fresh frozen plasma
(FFF} in critically injured patients exist, which include 1 unit
of FFP for every 4 to 10 U of PRBCs transfused and a
minimum of 2 1 of FFP if the PT is greater than or equal to
1.¥ times control. Recently, these strategies have been chal-
lenged. Ho ct al® recently reported on a pharmacokinetic
model to simulate the dilutional component of coagulopathy
during hemorrhage and compared various FFP transfusion
strategies for the prevention or correction of dilutional co-
agulopathy. This study documented that once excessive de-
ficiency of factors has developed and bleeding is unabated,
1 to 1.5 U of FFP must be given for every unit of PRBCs
transfused. Most recently, Borgman et al’ reported a retro-
spective study of patients with combat-related trauma who
tequired massive fransfusion. A high plasma to RBC ratio
{1:1.4 U} was independently associated with improved sur-
vival to hospital discharge, primarily by decreasing death
from hemorrhage.

The adaptation of an early and aggressive transfusion
practice that mandates a 1:1 ratio of FFP to FRBCs would
clearly impact blood bank resources across the country.
Therefore, our goal of the current study was to evaluate the
impact of early aggressive FFP transfusion on outcome in
critically injured trauma patients who are admitted to the
intensive care unit (ICU).
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MATERIALS AND METHODS

Subject Selection

This prospective cohort study was performed at the
R Adams Cowley Shock Trauma Center, the Primary Adult
Resource Center (PARC) for the State of Maryland. Appro-
priate Institutional Review Board approval was obtained
before study initiation. Subjects were screened for enrollment
aver 3 28-month period (July 2004-November 2006). Pa-
tients were included in this study if they presented to the
trauma resuscitation unit within 24 hours of injury and
required intensive care unit admission. The exclusion crite-
rion was a nontraumatic reason for admission and transfers
from other hospitals.

Data Collection

Prospective data collection included all units of FFP,
PRBC, and platelets administered throughout the hospital
stay. Transfusion data were ascertained by examining signed
transfusion receipts from administered units. Demographic
data including age, gender, race, and mechanism of injury
were collected on admission. Anatomic injuries were recorded
from both clinical documentation and radiographic findings. The
injury severity score, admission acute physiclogy amd chronic
health evaluation 11 (APACHE) score, and Glasgow Coma
Seore (GCS) were calculated in standard fashion, The diagnosis
of infection including site and organism was recorded; all infec-
tons were diagnosed by infectious disease specialists using
Centers for Disease Control crteria when applicable, Data col-
lection was terminated at the time of hospital discharge or death,
Mo postdischarge follow-up was conducted.

Determination of Study Groups

Subjects were subsequently classified according to the
need for transfusion of at least 1 unit of PRBC within 24
hours of admission, at least 1 unit of PRBC, and 1 unit of
FFP, or no transfusion requirement. For patients receiving
hoth FFP and PEBC within the first 24 hours, a PRBC to FFP
ratio was caleulated by dividing the number of units of PRBC
received by the number of units of FFP received, yielding a
low ratio in cases where FFP units predominated and a high
ratio in cases where PRBC units predominated. A secondary
outcome was defined as the presence or absence of a 1:1
PREC to FFP ratio {(a binary variable), defined as a ratio
between 0.9 and 1.1.

Transfusion Policy During Resuscitation

A massive transfusion institutional protocol was in
place during the study period that did not include FFP at a 1:1
ratio until after 5 U of PRBCs had been transfused. However,
during the course of the study period, early and aggressive
use of FFP became more common but was at the discretion of
the trauma team on call.

Statistical Analysis

Bivariate analysis was performed using Student ¢ test,
Wilcoxon rank sum test, and Pearson’s x° test as appropriate
for continuous and categorical variables. Significance was set
at P = 0,035, Logistic regression analysis was performed for
categorical outcome variables using stepwise methodology to
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control for demographic varables and other potential con-
founders; the same methodology was employed for linear
regression of continuous outcome vanables. All variables
significant to £ < 0.20 for the outcome of interest were included
in the imitial model, Entry was set at P = (.10 and removal was
set at P = 0.15. Age and injury severity score (155) were forced
to be retained in all models. All analysis was performed using
Stata 9.2 {Stata Corporation, Lakewood, TX).

RESULTS

Study Population

Eight hundred six critically injured patients were en-
rolled in this study. The cohort demographics are described in
Table 1. Figure 1 illustrates the breakdown of the study
cohort by transfusion in the first 24 hours. Two hundred fifty
patients (31%) received both FFP and PRBCs in the first 24
hours (“dual transfusion™ group); 115 patients (14%) received
PRBCs but no FFP during this period (“PRBC only™) group.
Thus, 365 total patients (45.6%) received PRBC within the
first 24 hours, Forty-one patients (5% received FFP without
PRBC during the first 24 hours (not shown in Fig. 1.

Patients who received any PRBCs during the first 24
hours had a significantly greater number of units transfused
over the entire hospital stay than those who did not (median
number 9 U PRBC vs. 2 U; P value <20.001). Similar results
were found when examining cumulative FFP units over the
hospital stay (median & in patients receiving initial RBC
transfusion vs. 0 without; P < 0.001). Patients receiving
PRBC transfusion within the first 24 hours had significantly
greater injury severity scores, worse admission glueose and
APACHE, higher rates of penetrating trauma, longer hospital
and ICU lengths of stay, and a greater rate of nosocomial
infection (Table 2) than patients who were not transfused in
the first 24 hours. The median number of units of PRBCs
given in the PRBC only group was 2, as compared with
& units for patients in the dual transfusion group (£ < 0.01).
There was no significant difference in demographic factors
between the dual transfusion group and the PRBC only group

TABLE 1. Demographics of the Entire Study Cohort

Ape 42,5 * M)
Gender (% male) T (N = 617)
Race (% African American) 3% (N = 262)
Mechanism of mjury (% blunt} B T (N = afi)

155 29+13

PREC units {entire hospitalization) 1712
FFF units {entire hospitalization) 6.5 x [2
ICU LOS (d) 135211
Ventilator {d) 132 % 13
Haoapatal LOS (d) 19.1 = 14
Nosocomial infection 49% (N = 398)
Mortality 12.8% (N = 102)
Mean £ 5D,

155 indicates injury severity score; PRBC. packed red blood cell; FFP, fresh frozen
plasma; LOS, length of ey,
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B0 Total Enrolled Patients

[ 165 patients received = | wnit of FREC A
within 24 hours

250 pattents received = | umit of both
PRBC and FEP within 24 hours

(" 51 patients received PREC and FFP in a
I:1 ratio over the first 24 hours

outside of @ 111 ratio over the first 24

19% patients recerved PRBC and FFP
hours

e
FIGURE 1. Flow diagram of enrolled patients.

with the exception of a significantly higher laparotomy rate in
the dual transfusion group (46% vs. 21%; P = 0L.001).

PRBC to FFP Ratio

Within the dual transfusion group, the mean PRBC to
FFP ratio was 1.35 = 090, the mean number of PRBCs
transfused in the first 24 hours was 7 £ 8, and the mean
number of units of FFP transfused was 5 = 5. Fifty-one
patients (20%) received FRBC and FFP in a 1:1 ratio as
described above; 199 patients (80%) did not. Within the
non=1:1 group, 72 patients had PRBC to FFP ratios below
0.9, whereas |27 patients had ratios above 1.1. The number of
PRBC units transfused in the 1:1 PRBC to FFP ratio group
was significantly less than the number transfused in the
non-1:1 ratio group (6.5 £ 57 vs, 9.3 = 9.3; P = 0.02).

Higher admission glucose and the presence of traumatic
brain injury were associated with a higher PRBC to FFP ratio

(F = 0.05); higher admission APACHE, the presence of
pelvic fractures, and having a laparotomy were associated
with higher PRBC to FFP ratios, but this was not significant
fall P =2 0.2 but =0,05). No other variable was significantly
related to the ratio.

Predictors of Mortality

In the 365 patient cohort who received PRBCs in the
first 24 hours, age, hospital length of stay, 1CU length of stay,
admission APACHE, and brain injury were all significantly
related to mortality (all P < 0.05) on bivariate analysis.
Admission GCS was associated with mortality with P = 0,19
and therefore was maintained for subsequent regression anal-
ysis. Hospital length of stay (LOS) and ICU LOS were highly
cormelated (¢ = 0.86) and therefore only ICU LOS was
retained for further analysis,

Logistic Regression Analysis Using PRBC to FFP
Ratio

A stepwise logistic regression analysis was performed
utilizing all variables with P value <20.20 for predicting the
PRBC to FFP ratio or mortality with the exception of the
diagnosis of nosocomial infection, The initial moedel included
gender, 183, age, admission APACHE, pelvic fracture, lapa-
rotomy, ICU length of stay, diagnosis of nosocomial infiec-
tion, admission GCS, and closed head injury. Admission
GCS, pelvic fracture, and the diagnosis of nosocomial infection
did not reach significance and were climinated from the model.
The final model is presented in Table 3. For a given patient,
controlling for age, gender, 155, head injury (HAIS = 3),
mechanism of injury, laparotomy, admission APACHE, and
ICU length of stay, the PRBC to FFP ratio given in the first
24 hours had no impact on the risk of death.

Logistic Regression for Mortality Using 1:1
Ratio

A 1:1 PRBC to FFP ratio has previously been suggested
to be most beneficial, and extremely high or low ratios may
plausibly be detrimental. Therefore, the logistic regression
analysis described above was repeated using the 1:1 PRBC to

TABLE 2. Demcgraphics of the Patients Who Received Packed Red Blood Cell Transfusions Versus Patients
Who Were Mot Transfused in the First 24 Hours

Mo Transfusion (N = 441) PFRBC Transfusion (N = 365) P
Age 424 = 20 42,6 = 20 050
Gender {% male) Taln (N = 347) Td% (W = 264 (L1
Race (% African American) 3% (N = 144y 3% (N = 118) (.54
Mechanism of injury (% blunt) 90.5% (N = 394) T7.6% (N = 288) =<0l *
55 Irx 135 Il £ 13 =
Addmission glucose 158 = &0 1943 = 75 <00l *
Admission APACHE | b ) 157 <(LL*
[T LOS (d) 12.5 = 104 146 = 1222 <1
Wentilator (dp 124 = 12.1 140 =130 L0E
Hospital LOS (d) 174 £ 128 212 = 148 <A *
Mosecomial infection 4454 (N = 196) 55000 (N = 201 0003
Mortality 11.5% (N = $ 14.0% (N = 51 (h26

=« 05,
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TABLE 3. Logistic Regression Model Examining the Impact
of Packed Red Blood Cell to Fresh Frozen Plasma Ratio on
hortality

Odds Ratio 5% Cl P
PRBC 1o FFP ratio 123 0.81-1.87 0,54
Age 104 1.02-1.07 <01
I55 1.0 0.97-1.04 0.9z
Crender 063 0.24—1.66 0,35
Admission APACHE 1.08 1.0Z-1.15 o.o1e
Closed head injury 2492 1.13-7.55 0.03=
Laparotomy 338 1.31-8.72 noi=
ICU i) 00,4 085095 <0.01*

*F < D05
C1 indicanes confidence interval.

TABLE 4. Logistic Regression Model Examining the Impact
of a 1:1 Packed Red Blood Cell to Fresh Frazen Plasma Ratio
on Mortality

Oudels Ratin 95% C1 P
1:1 Ratio 057 0 18-1.66 .34
Age 1.05 1.02-1.07 <0.01*
155 100 871,04 052
Gender 066 25178 0.35
Admission APACHE 1.08 1.03-1,15 n.o1=
Clased head injury 1.7z 1.0E—6.84 0.3
Laparotomy iy 1.20-5.74 0.01+*
1CU (d) .90 (B5-095 =0.01*

*F < 3.

FFP ratio binary variable instead of the PRBC to FFP ratio
itself {Table 4). Again, the presence of a 1:] ratio was not
associated with any protective effect against mortality when
controlling for other significant predictors of death,

Massive Transfusion Subgroup

Eighty-one patients were identified from the dual trans-
fusion group who required at least 10 U of PRBC within
24 hours of admission, and the above regression analvses
were repeated on this subgroup, Mo significant effect on
mortality was identified for either the PRBC to FFP ratio as a
continuous variable (odds ratio (OR), 1.49; 95% C1, 0.63-3.53;
F =037} or 1:1 ratio as a binary variable (OR, 0.60; 95% CI,
0.21-1.75; P = 0.35) when controlling for age, gender IS5,
closed head injury, laparotomy status, and ICU length of stay.

Length of Stay

In bivariate analysis of the dual transfusion group,
higher IS5, having a laparotomy, and the diagnosis of noso-
comial infection were associated with significantly increased
HLOS (all = 0.05). Higher admission APACHE and ad-
mission glucose demonstrated a nonsignificant trend towards
longer HLOS (P << 0.2 but =0.05). Factors associated with
increased ICU LOS were similar with the exception of
additional nonsignificant trends towards higher ICU LOS
with increased age (£ = 0.11) and blunt mechanism of injury
(" = 0.06). Stepwise lingar regression models were subse-
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quently constructed using PRBC to FFP ratio as a predictor
for each LOS outcome variable, incorporating the related
covariates described above. PRBC to FFP ratio in the first 24
hours was not predictive of increased HLOS (OR, 0.64; 95%
Cl, =1.231t0 2.51; P = 0.50) or ICU LOS (OR, 0.37; 93% CI,
— 107 to 2.22; P = 0.49). Using the binary 1;1 ratio variable
instead of the continuous PRBC to FFP ratio, no significant
relationship was found between a 1] ratio and either HLOS
(OR, 0.75; 95% CI, —3.35 10 5.0; 0.73) or ICU LOS (OR,
2.09; 95% CI, —1.60 to 5.78; P = 0.27).

DISCUSSION

Hemorrhagic shock has been clearly shown to be pre-
dictive of early mortality and overall poor outcome in criti-
cally injured trauma patients.® '® Hypotension (defined as a
systolic blood pressure below 90 mm Hg) in the field or upon
arrival to the trauma center in combination with hemorrhage
is associated with the systemic inflammatory response syn-
drome (SIRS), risk of infection (sepsis), and multiple system
organ failure.*'*"** Early management of hemorrhagic shock
relies heavily on the transfusion of PRBCs, which by itself
has been shown to have a cxponential increase in infection
rate, multiple organ failure (MODS), ICU and hospital length
of stay, and mortality, ¥~

Coagulopathy of Trauma

Critically injured hemorrhagic patients undergo mas-
sive resuscitation with a combination of erystalloid and blood
products. This process begins in the field by prehospital
providers and becomes augmented when they arrive to the
trauma center, The lethal triad of hemodilution, hypothermia,
and acidosis ensues creating the “blood vicious cycle” unless
an intervention is performed that can stop it If this eycle
is not broken, there is a clear pathway to coagulopathic
exsanguination, Numerous attempts to interrupl this Ffatal
cvele included damage control surgery or truncated laparot-
omy, hypotensive resuscitation, efTective warming of resus-
citation fiuids (including allogeneic and shed blood), and
innovative products such as Factor VIIa®® Recently efforts
have been focused on the early aggressive use of fresh frozen
plasma as a resuscitation strategy as studies have shown that
most severely injured patients are coagulopathic at admis-
sion, and that traditional massive transfusion E[ﬁct'ii:l.“ti
grossly underestimate the needs for further therapy.

Early Aggressive FFP Strategy

Ho et al® reported on a pharmacokinetic model to
simulate the dilutional component of coagulopathy during
hemorrhage and compared various FFP transfusion strategies
for the prevention or correction of dilutional coagulopathy
This study documented that once excessive deficiency of factors
has developed and bleeding is unabated, 1 to 1.5 U of FFP must
be given for every unit of PRBCs transfused. This model,
however, does not take into the account factors such as hypo-
thermia, acidosis, thrombocytopenia, or DIC, Gonzalez et al™
evaluated whether their preintensive care unit massive trans-
fusion protocol adequately corrected coagulopathy (normal-
ization of INR) and impacted mortality. Ninety-seven pa-
tients admitted over a 51-month period of time underwent
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protecol resuscitation (== 10 U of PRBCs) during hospital day
1. All patients did not receive FFP until 6 U of PRBCs were
transfused, and the ratio of PRBCs to FFP was greater than 2
to 1. Coagulopathy that was present on admission persisted at
ICU admission. The ICU resuscitation protocol used a more
aggressive approach to FFP transfusion with a ratio of FFP to
PRBCs of 1:1. The mean pH became normal within & hours
and temperature increased from 35°C o 37°C (within 4
hours). Mean INR decreased from 1.6 to 1.4 within § hours
and remained constant for the remaining 16 hours of resus-
citation. Univariate logistic regression analysis demonstrated
that severity of coagulopathy early after ICU admission was
predictive of mortality. There was an overall mortality of
29% as 6 patients died during the first 24 hours of ICU
admission, 4 died on ICU day 2, and the remaining 19 died
later during their hospitalization due to complications. The
authors however, presented no evidence that correction of
coagulopathy improved survival,

In a retrospective study of 246 patients at a US Army
Combat support hospital, each who have received a massive
transfusion (=10 U of PRBCs), patients were stratified by
ratio (median) of FFP to PRCCs, which were defined as low
(1:8), medium {1:2.5} and high i1:1.4).7 Median 1S5 was 1§
for all 3 groups with mortality rates of 653% (low), 34%
(rnedium), and 19% (high). In addition, hemomrhage mortality
rates were 92.5%, T8%, and 37%, respectively, The authors
concluded that a high plasma to RBC ratio is independently
associated with survival, and for all practical purposes, mas-
sive transfusion protocols should use a 1:1 ratio of plasma to
RECs for all patients who are hypocoagulable with traumatic
injuries.

In the current study, for any given patient, controlling
for age, gender, ISS, head injury, laparotomy, admission
APACHE, and ICU length of stay, the PRBC to FFP ratio
given in the first 24 hours had no impact on the risk of death.
This held true even in massive transfusion patients (=10 U of
PRBECs) despite a high degree of injury as defined by [55 in
our study population.

One must ask then why our data seems so different than
the data available in the military and possibly even some of
the early data from civilian trauma centers. Trauma care
during a war is perhaps the best example of an uncontrollable
environment. Injury patterns may be different and certainly
resources available in most American trauma centers are not
always available in the filed. Injured soldiers are typically
young men with penetrating injury. Using IS5 as a marker
may well underestimate the true injury severity. Thus, it is
possible then that differences in resuscitation strategies that
may help save lives in combat troops simply do not reach
statistical significance in civilian practice,

Additionally, we studied patients who survived 1o get to
the ICU. One might theorize that patients who would have
benefited from a one to one RBC FFP resuscitation scheme
simply did not survive to be entered into our study. During
our study period, the overall mortality in the first 24 hours
after admission was 4%. This increased to 6% for patients
who received 10 U or more of PRBCS. The majority of our
early deaths were due to either lethal brain injury (55%) or
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death immediately upon arrival (25%, median = 36 minutes).
These mortality rates are quite lower than those reported by
Holeomb and coworkers, Thus, it scems that these patient
populations are different, as the number of patients that may
have “potentially” survived if given FFP at a higher ratio at
our institution in our opinion would be very few,

In addition, the timing of transfusion needs may be
more important than the total number of units given. For
instance, receiving 10 U of blood over the first 12 hours of
hospitalization is far different then requiring 10 U of blood
over the first 90 minutes of resuscitation. Conversely, patients
that arrive with a mortality in excess of 90% are unlikely to
survive, no matter what resuscitation strategy is employed.

It is very likely that a group of patients exists who will
benefit from utilizing plasma and red cells in a way different
from traditional resuscitation schemes, We have simply not
vet defined that patient population. It is likely a combination
of anatomic severity and physiologic dyvsfunction would help
identify such a group. However, blind adoption of one to one
ratio of red cells to plasma seems unwise. Even patients who
come in hemorrhagic shock from isolated splemic injury
should be able to have expeditious hemostasis and transfusion
as neaded but likely do not need plasma. In our own institu-
tion and others, we assume patients with steady but not
torrential bleeding, such as those undergoing fracture fixa-
tion, often receive unnecessary plasma with the necded red
cell transfusions. There are clear risks to plasma transfusion
and one must at least begin to consider the costs as well.

Taking all of these things into consideration, the au-
thors sericusly question whether it is prudent to adopt this
resource intensive strategy for all critically injured patients to
benefit an undefined select few, at least in the civilian setting.
Further research should be directed to identify the patients
who may benefit,
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Discussions

D, Grace 8. Rozvekn (ATLawta, Georcia): This pro-
spective cohort study included patients who presented to the
rauma resuscitation unit within 24 hours of admission.
Would your conclusions be different if patients with severe
traumatic brain injury were excluded, as these patients fre-
quently present with an abnormal coagulation profile? Simi-
larly, what about patients with penetrating trauma?

A recent study by Perkins and coworkers found that
their early administration of recombinant factor VII-A de-
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creased the use of red blood cells by at least 20% in trauma
patients, Did you examine the use of fibrinogen and Factor
VII-A wsed in your study population?

Considering your trauma’s large attachment area, did
time from injury to arrival make a difference in outcome?
That is, did a delay in transfusion translate to a greater need
for blood? Were these patients more acidotic and hypother-
mic, clearly factors that could affect their outcome?

Finally, your data indicate that the greatest likelihood
of transfusion oceurred within the first 24 hours of admission.
Considering your high volume trauma center, how does your
blood bank maintzin the demand for these expensive re-
sources, especially that of thawed plasma? Has this changed
your massive transfusion protocol at all?

Dr. A. Brent EastMan {San Dieco, Cavrornal:
Dr. Rozycki addressed an issue that [ would like to enlarge
upon. Neither vou nor Dr. Holcomb specifically mentioned
controlling for hypothermia and acidosis, which we know are
eritical factors in the initial resuscitation process. My ques-
tion is, did you control for these factors, and was there any
difference in your ability to warm Crystalloid versus 1:1:1
during the high volume infusions in this protocol?

De. Howarn R. Canpion (BeEmiespa, Marvianp): It
seems to me that the target of opportunity for this therapeutic
regimen {early aggressive use of FFP) is the patient present-
ing in shock with a coagulopathy on arrival and who is in the
process of exsanguinating. This approach is nol warranted in
the patient who is opting for an elective procedure 24 hours
later. To that end, you seem to say that a small patient
population may benefit from aggressive use of FFP, specifi-
cally only &1 of the patienis that you studied. From my
estimate, that is, less than 1% of the patient population
coming through the Baltimore Shock Trauma Unit per vear
{this was a 2B-month period, 81 patients, and you see 4000 1o
00 patients a year). Given the rarity of this patient even in
your unit, can you comment on the powering and the logistics
of performing an adequate study to reach a valid scientific
conclusion as to the value of early aggressive use of FFP in
the eritically injured patient”

Dr. Cuarces E. Lucas (Detrort, Michigan): All of the
coagulation factors can be monitored for both activity and for
protein contenl. What is the objective that we are trving to
achieve? A deficiency of any one factor to 25% of normal
activity will be associated with bleeding, and when multiple
factors are deficient to 50%, there will be bleeding. Are we
monitoring these factors and are we looking al this scientif-
ically to define our end point?

Secondly, all of our proteins are also present in the
interstitial fluid space. Albumin is more in the interstitial
space than it is in the plasma volume. This is also true for the
coagulation factors, For example, factor VI, which has a
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molecular weight of 800,000, is present in the lymphatic
system after it goes through the interstitial space. Therefore,
when you give large volumes of plasma you can predict that
these proteins will relocate to and slowly egress from the
interstitial space. Do vou see any differences in the central
filling pressure to cardiac work ratios when you give more
plasma?

Dr. Donacp [ Tronkey (PorTiann, Orecon): It seems
to me, going back to the time when | was in San Francisco,
that we had a major advantage in blood replacement for
trauma because the blood bank was run by physicians; by the
San Francisco Medical Society. They would save one third of
every day's procurement to be used in the trauma center at
night. The next day, if we did not use that blood, they could
still get components, except for the platelets.

Why do we not consider forming a uniform study group
that looks at this from a nationwide standpoint? We could
compare components to whole blood. Another issue is the
bank age of the blood, and my belief 15 that we should use
blood that is relatively fresh, less than 24 hours old.

De. Kemh D, Liccesoe (Bavtmore, MarvLaxno): Most
of us here are not trauma surgeons, but we lose blood perform-
ing vascular, Gl, or transplant cases. Is there any message that
we, who are not trauma surgeons, who require transfusions for
our patients can draw from these last 2 articles?

Dr. Thomas M. Scacea (Bavtmone, MaryLanp):
Rather than addressing each guestion let me try to make
summary comments. This study was a retrospective study
review of our practice.

A number of years ago, we adopted a 1:1:1 transfusion
strategy. It made so much sense and the preliminary data

from the military was sufficient for us to change our practice.
We undertook this study to prove that this change in practice
was wise, In fact, we were unable to do so. One reason for
this is that we may already have realized all of the advantages
of adopting this strategy. For the study, we define 1:1 as being
between 0.9 and 1.1:1, which is obviously a very tight range.
If we were more liberal, perhaps the results would have been
different.

There is no question in my mind that a 1:1 resuscitation
is wise in some patients, but we have not vet defined who
those patients are. There is also no guestion in my mind that
the most important principle in homeostasis after trauma is
rapid identification and treatment of the bleeding sites. No
transfusion strategy can substitute for that. In our institution,
patients who present with active hemorrhage and are rapidly
taken to the operating room for hemostasis often get between
5 and 10 U of blood. Do these patients need a 1;1 transfusion
ratio? | would submit to vou that the answer is probably not.

There are a number of other factors for which we did
not control that may also impact the result. Hypothermia and
acidosis resuscitation strategies using platelets, the use of
Factor V1 1a, and coagulopathy from severe brain injury all
could affect our results. 1 think we all would prefer to use
fresh whole blood since this is what patients are bleeding.
Unfortunately, this is not available in Baltimore, and | do not
believe it is available anywhere else in the United States.

The issues that were defined in this manuscript and the
work by Colonel Holcomb are almost certainly translatable 1o
bleeding patients from every discipline. After all, coagulopa-
thy complicates significant blood loss regardless of the cause,
There are a number of questions we must continue to ask,
This current manuscript was an attempt to add to the discus-
sion on a provocative and very important subject.
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