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Abstract
Injured patients stress the transfusion service with frequent demands for uncrossmatched red cells
and plasma, occasional requirements for large amounts of blood products and the need for new
and better blood products. Transfusion services stress trauma centers with demands for strict
accountability for individual blood component units and adherence to indications in a clinical field
where research has been difficult, and guidance opinion-based. New data suggest that the most
severely injured patients arrive at the trauma center already coagulopathic and that these patients
benefit from prompt, specific, corrective treatment. This research is clarifying trauma system
requirements for new blood products and blood-product usage patterns, but the inability to obtain
informed consent from severely injured patients remains an obstacle to further research.
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Physical injury is the most common cause of death for people in the developed world aged
1–44 years [1]. As a result, injury is the most common cause of loss of years of productive
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life for all individuals in these countries. Each year, 93,000 Americans die as a result of
physical injuries and 1.2 million are admitted to hospitals [2]. To meet the needs of these
patients, there are 1084 trauma centers in the USA and Canada accredited by the American
College of Surgeons and hundreds more that are accredited by state agencies. There are 252
hospitals with accident and emergency receiving capability in England and Northern Wales.
The aggregate direct cost of trauma care is in excess of US$110 billion a year in the USA,
approximately 5% of the entire cost of medical care. Other direct costs of injury, such as
disability compensation and family support, are also substantial, and the indirect costs of
injury from loss of productive citizens are even higher.

While injuries are best prevented by education and by social and engineering controls,
secondary prevention of injury-related death and disability through the provision of
emergency medical care and physical and occupational rehabilitation is also cost-effective
[3]. Blood products play a major role in this secondary prevention of death and disability as
an adjunct to surgical care.

Blood use in trauma care
Most trauma care is for mild and moderate injuries. Lacerations and minor fractures need
suturing and splinting; mild concussions need evaluation and observation, and so forth. In
any given year, more than 90% of patients admitted directly from the scene of injury to the
University of Maryland’s R Adams Cowley Shock Trauma Center (STC) do not require any
blood products. Of 5649 such patients admitted to the STC in the calendar year 2000, 514
received a blood product, and 490 of those patients received red blood cells (RBCs) [4]. The
other 24 were mostly elderly individuals taking warfarin for atrial fibrillation who fell,
sustaining head injuries with intracranial bleeding, and received plasma. Of the entire direct-
admission group, 8% received red cells, 5% received plasma, 3% received platelets and
0.1% received cryoprecipitate. The total number of units of blood components given was
5219 units of red cells, 5226 units of plasma, 2892 units of platelets and 64units of
cryoprecipitate. Use rates for blood products were thus slightly less than a unit of red cells
and plasma per casualty, half a unit of platelets and one hundredth of a unit of
cryoprecipitate for each admission. The survival rate for these patients was 97%. For
patients with fatal injuries, severe neurologic injury was the most frequent cause of death;
uncontrolled hemorrhage was the second most frequent cause; and multiple organ failure
was the third. Other causes of trauma-related deaths in the STC were uncommon.

Most of the blood that was used in trauma care was used to support patients with
uncontrolled hemorrhage. Of the 5219 units of red cells used to support 5649 trauma
patients, three-quarters were given to the 146 patients who received ten units of red cells or
more and half were given to 68 patients who received 20 units or more [4]. A recent review
of all patients who died of uncontrolled hemorrhage at the STC from 1997 to 2006 showed
that, even among patients who survived at least 15 minutes, 42% were dead by 90 min, 64%
were dead by 3 h, 81% were dead by 6 h and 90% were dead by 12 h after admission. As a
result, 62% of all of the red cells used in the trauma center were used in the first day of care
and 11% were used in the first hour of care [3].

In the retrospective analysis by Como and colleagues, initial massive transfusion, defined as
receiving more than ten units of red cells in the first 24 h of care, occurred in 90 patients,
1.7% of all admissions, and these patients received almost 40 units of red cells each in the
course of their admission [4]. Almost 50% survived, and these patients used 70% of all of
the red cells used by the STC. Vaslef and colleagues, from the trauma center at Duke
University, have written that the survival of patients who require 75 units of blood products
is the same as that of patients who require 50 units, roughly 43% [5]. In our cohort at STC,
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one out of three patients who received more than 100 units of red cells survived. These data
suggest that there is no obvious upper limit to the number of units of red cells that injured
patients tolerate in successful transfusion support.

Changing patterns of trauma resuscitation
For more than 20 years, the recommendations of the Advanced Trauma Life Support
(ATLS) course of the Committee on Trauma of the American College of Surgeons has
defined a practice plan for resuscitations in trauma centers in developed countries and in
their militaries [6,7]. These recommendations were based on laboratory studies of controlled
hemorrhage (the Wiggers model), on observation of bleeding patients undergoing elective
surgery and the thought that trauma patients with ongoing bleeding needed intravascular
volume, red cells, plasma and platelets, in that order [8–11]. The ATLS recommendations
state that significantly injured patients should have two large-bore IVs placed, and if there is
evidence of shock, such as a pulse greater than 100 or a systolic blood pressure less than
100, 2 l of crystalloid fluid should be given. At that point, if signs of shock remain, red cells
should be started. Red cells are also advised if signs of shock are corrected but return
(‘transient responders’) or if visible bleeding of greater than 100 ml/min is present. If shock
persisted, further boluses of crystalloid or RBCs were indicated. Frequent laboratory
measures were recommended to guide plasma and platelet therapy.

The ATLS recommendations have probably helped many injured patients, ensuring the early
placement of vascular access, creating a sense of urgency about shock and providing basic
rules for red cell support [12]. However, the ATLS guidelines were not based on evidence
derived from injured unanesthetized patients or uncontrolled hemorrhage models. With the
development of animal models of uncontrolled hemorrhage in the 1980s and 1990s, it
became apparent that aggressive fluid volume administration in the situation of uncontrolled
hemorrhage could exacerbate bleeding and increase mortality. Studies by Bickell and
colleagues and Stern and colleagues showed that attempting to resuscitate swine with small
aortic tears could increase the mortality of this lesion from 15% untreated to 100% with
crystalloid resuscitation [13–15]. The higher blood pressure ‘popped the clot’ and the
remaining blood was too dilute to clot again before terminal shock developed. Bickell,
working with the Houston ambulance system, then demonstrated that a similar regimen of
withholding crystalloid resuscitation during uncontrolled hemorrhage reduced mortality in
patients with penetrating truncal injury [16]. Dutton and colleagues at our STC went on to
demonstrate that resuscitation titrated to a lower than normal target blood pressure was well
tolerated by patients with uncontrolled hemorrage [17].

The result of this work has been a much sharper focus on the injuries and physiology of
injured patients. Patients with mild shock need to be evaluated quickly, their sources of
bleeding identified and treated by the least-invasive means. As an example, patients with
isolated splenic rupture used to undergo laparotomy and splenectomy but are now identified
with ultrasound or computed tomography scanning and are treated with catheter
embolization by an interventional radiologist, and more than 90% of them do not undergo
surgery or lose their spleen [18,19]. Nonoperative management of splenic, liver and pelvic
injuries is facilitated by limiting resuscitation to avoid rebleeding and dilution of the clotting
system.

In more severely injured patients, with profound shock and ongoing hemorrhage, the most
important intervention is rapid transfer to the operating room. These patients frequently have
multiple injuries, including lacerations of major vessels, fractures of solid organs or
disruption of a major venous plexus. Bleeding in these circumstances can be extensive and
not susceptible to immediate control. In such circumstances, trauma teams now consciously
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sacrifice normal anatomy to stabilize vital physiology in a set of maneuvers called ‘damage
control surgery’ [20–22]. In this process, disruptions of named vessels are shunted, sources
of continued oozing are packed, and sites of gut contamination are tied off and urinary
contamination drained, with the intention of ending the surgery in less than 40 min. The
abdomen is packed and left open to prevent abdominal compartment syndrome, covered
with a suction system to monitor blood loss and a plastic vapor barrier to prevent
evaporative cooling and tissue drying.

Blood administration during truncal surgery with ongoing uncontrolled massive hemorrhage
includes gravity infusion through large-bore lines, forced infusion with blood bag
compression devices, the use of high-volume rapid-infusion systems, blood-salvage devices
and even emergency cardiopulmonary bypass. The choice of infusion system depends on the
resources available, the vascular access, the need for concurrent component mixing and
warming and the need for concurrent heart or lung bypass. Conventional gravity-feed blood-
administration systems are useful when required rates of flow are less then 100 ml/min.
Blood bag compression systems can increase rates of delivery to 100 ml/min/bag. High-
volume mechanical blood injectors can effectively deliver volumes up to 500 ml/min and
occasionally more, but most cannot achieve full blood warming of previously refrigerated
blood in amounts in excess of 500 ml/min. Cardiopulmonary bypass can deliver many liters
per minute, depending on the size and location of venous drainage.

Acute coagulopathy of trauma
It has been recognized since the Vietnam War era that a portion of trauma patients present to
trauma centers with abnormal coagulation tests, even in the absence of significant
resuscitation [23–25]. Presumably, the extent of injury is great enough in these patients to
lead to massive consumption of coagulation factors, either directly or through activation of
the protein C pathway. More recently, in series published by Brohi and colleagues and
MacLeod and colleagues, a quarter of all direct trauma admission had abnormal coagulation
tests at admission [26,27].

In our own trauma center, we have reviewed the relationship between injury severity,
abnormal coagulation tests and mortality. Among more that 35,000 patients admitted
directly from the scene of injury in the years 2000–2006, 23,000 had an injury severity score
(ISS) of 5 or greater. The prevalence of an abnormal prothrombin time, expressed as an
international normalization ratio (INR), increased in a stepwise manner from 5 to 45% as the
injury severity score increased from 5–9 to over 45. At the same time, the mortality
associated with increased injury severity and an abnormal INR increased from less than 1%
for moderate injury and normal INR to more than 80% for severe injury and a significantly
prolonged INR of 2.2 or greater. Similar but less frequent were abnormalities of other
coagulation tests, such as the partial thromboplastin time, the fibrinogen concentration and
the platelet count. However, each of these coagulation abnormalities, when they occurred,
was similarly associated with major increases in mortality.

Support of initial massive transfusion
Patients with uncontrolled hemorrhage requiring immediate transfusion as part of their
initial care are the major test of a trauma center transfusion service. Patients present and can
die within minuntes. To survive, the most critically injured need red cells and plasma within
a very short time and in adequate quantities. Major trauma centers have worked out several
different systems to meet this need. Each potential solution is a compromise between the
safety and the availability of blood products, and each requires discussion and agreement
between the trauma service and transfusion service physicians.
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Group O red cells
To make uncrossmatched group O red cells immediately available in the trauma receiving
unit (TRU) may require interim storage of some units in the trauma center. The number of
such units and the fraction of Rh-D-negative units among them will depend on the proximity
of the supporting transfusion service. Our transfusion service is located 300 m from the
TRU, so we keep ten units of group O Rh-D-positive red cells and two units of group O Rh-
D-negative cells in the TRU. In our review of the use of uncrossmatched group O red cells
in our TRU from 1999 to 2003, 802 individuals received 2581 units of RBC and 408 of
these patients survived to hospital discharge [28]. Among the 49% of patients who received
one-to-two units, 64% survived; of the 27% who received three-to-four units, 49% survived;
of the 18% who received five-to-eight units, 31% survived. Only 5% received nine or more
units and 10% of these survived. Several times in the 5-year period, requests for additional
quantities of uncrossmatched group O red cells were made, and one patient actually received
14 units, but died despite this effort [26].

The relatively low proportion of Rh-D-negative red cells in our protocol is based on the
following factors.: three-quarters of our admissions requiring uncrossmatched red cells are
male; a third of women who need immediate transfusion are over 50 years old; and more
than 85% of all our trauma patients are Rh-D-positive. Furthermore, half of all patients who
receive uncrossmatched red cells in the trauma center receive only one or two units, and the
survival of individuals who receive three or more units of uncrossmatched red cells over a
recent 5-year period was 30% [28]. Given our population, therefore, each year we expose
one Rh-D-negative female of pre- or active child-bearing age who will survive and possibly
go on to D alloimmunization. In reviewing 5 years experience with this system, we were
able to identify one woman of child-bearing age who was alloimmunized to Rh-D. At the
same time, two other women of childbearing age were alloimmunized to other common red
cell antigens, one with anti-E and a second with anti-K and anti-Fy(a). This unusually low
rate of recognized alloimmunization probably reflects a combination of the
immunosuppression associated with massive injury, as discussed below, and the lack of
long-term follow-up that is characteristic of the US trauma system. The experience also
suggests that we have probably pushed the chances of Rh-D alloimmunization down to the
background rate for all alloimmunization. In a typical year, we use approximately 600 units
of uncrossmatched group O red cells, of which 140 are Rh-D negative.

Our experience has been that multiple simultaneous casualties occasionally stress but do not
overwhelm this system. In an episode used for national blood donor recruiting by the
American Red Cross, a pair of sisters involved in a serious vehicular collision presented
simultaneously with massive liver injuries and were successfully resuscitated, treated and
recovered. This is in keeping with national experience, where only four mass casualty
situations occurred between the years 1975 and 2000 that required more than 100 units of
RBCs to treat all of the casualties in the first 24 h of their care [29]. The largest of these
incidents, the bombing of the Murrah Federal Building in Oklahoma City in 1996, left 83
people hospitalized and required 131 units of red cells for the first 24 h of their care. Our
transfusion service typically has 200–300 units of group O red cells on hand. This is part of
our standard inventory of 600 red cell units used to support an average daily use of almost
100 units a day at our institution.

The safety of using uncrossmatched red cells is occasionally questioned because of the
possibility of group O donors having high titers of anti-A or anti-B. While reactions have
been reported, the incidence and severity of such complications is less than that of not
receiving blood or the risk of receiving red cells of the wrong ABO type in emergency
situations. During the Vietnam War, the US Army used more than 100,000 units of
uncrossmatched group O red cells without a single fatal hemolytic transfusion reaction, and
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noted that, at the same time, all nine fatal hemolytic transfusion reactions observed in the
war occurred with the misidentification of recipients of crossmatched units of red cells or
whole blood [30].

AB or low-titer A plasma
The recognition of the acute coagulopathy of trauma and the dangers of massive use of
crystalloid fluids in resuscitation has led to the suggestion that the prophylactic
administration of plasma along with RBCs for initial resuscitation is appropriate in a small
number of the most severely injured patients. Such patients can be identified on the basis of
severe injury and rapid ongoing bleeding. They constitute approximately 3% of all direct
trauma center admissions. As noted earlier, a quarter to a half of such patients present to the
hospital with an abnormal INR that would justify giving plasma by conventional transfusion
guidelines and any individual bleeding at a rate of 100 ml/min will be coagulopathic within
25 min based on the volume-for-volume replacement of 2500 ml blood lost with five units
of plasma-poor packed RBCs. As it is difficult to correct coagulopathy once it is established,
it appears to be better to prevent it. This approach has been called ‘damage-control
resuscitation’ [31,32].

The core of damage-control resuscitation is beginning resuscitation with a 1:1 ratio of
plasma to red cells in additive solution. This concept developed as a way of treating the
massively injured patients seen in the combat support hospital in Baghdad, Iraq, where it
appeared to markedly reduce coagulopathic bleeding, allowing surgeons to operate in less
blood-obscured field and to reduce the tissue swelling and organ failure seen
postoperatively. A retrospective review of this experience showed that, among massively
transfused casualties, it was associated with a reduction in mortality from 66 to 19% [33]. A
group of academic trauma centers have now confirmed this marked improvement in injury
mortality in retrospective reviews of their own experience with massive transfusion in a
combined series of more than 400 patients [34]. Although the optimal proportions of RBCs
to plasma has not yet been proven, the concept that the most severely injured trauma patients
should be resuscitated from the outset with a mix of red cells and plasma that more nearly
resembles whole blood is gaining wide acceptance [35–37].

Providing AB ‘universal donor’ plasma for immediate use in the trauma center is a major
burden on the blood system. AB donors are only 4% of the donor population, and AB
plasma is needed for AB patients, fetal exchange transfusions, infants and other situations
where plasma free of anti-A and anti-B is desirable. The recent decision to remove plasma
from female donors to prevent transfusion-related acute lung injury (TRALI) has made the
supply tighter [38]. It would be possible to target AB donors for the apheresis donation of
double units of AB plasma and collect them up to 24-times a year, but only units collected
on functionally closed systems are approved for 5-day thawed storage as are other units of
plasma in the USA. As a result of the newly increased demand, a shortage has developed
and the price of AB plasma was recently doubled by our blood supplier.

In an attempt to speed the delivery of plasma to the severely injured, we have placed four
units of thawed AB plasma in our TRU blood refrigerator. We replace them when they are
used or remove them on the fifth day and issue the unused units as type-compatible thawed
plasma to other hospital patients. Over the course of the first year, we issued approximately
700 AB units to the TRU refrigerator, 345 were used in the TRU, and 180 went to patients
who received at least four units of uncrossmatched group O RBCs at the same time. Overall,
30 thawed units did not find a recipient. Observation on cumulative outcome is still in
process.
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If AB plasma becomes scarcer, we would consider supplementing the limited supply with
low-titer anti-B group A units. Hemolytic reactions in recipients of type-incompatible
platelets are uncommon – said to occur in one in 9000 out-of-group apheresis platelet
transfusions – and usually occur when group O platelets with high anti-A titers are given to
group A or AB recipients. A unit of apheresis platelets typically contains more plasma,
approximately 300 ml, than a unit of plasma, approximately 200 ml.

Platelets
Owing to the requirements for continuous agitation, the narrow range of storage
temperatures and the very limited number of group AB units, there is no easy way to
maintain platelets outside of the blood bank itself. Moreover, the optimal replacement
protocol for platelets is not clear. Early work on blood component resuscitation from the
Harborview group in Seattle suggested that platelets were not a significant issue in
resuscitation in hemorrhagic shock [39]. The recognition of the role of hypothermia in the
coagulopathy of trauma and the documented sensitivity of platelet function to temperature
may mean that active prevention of hypothermia during resuscitation often provides
sufficient time to obtain a platelet count and blood type prior to adding platelets to the early
transfusion mix [40–43]. This is supported by the recognition that even among severely
injured patients with an ISS of greater than 15, the prevalence of an admission platelet count
of less than 100 × 109/l is less than 3% in our center, and the prevalence of an admission
platelet count of less than 50 × 109/l is less than 1%.

Old work on dilutional coagulopathy suggested that many patients required platelets after
transfusion of two blood volumes. However, reviews of groups of seriously injured patients,
such as that of Cosgriff, suggest that patients who receive more platelets early in care have
lower rates of coagulopathy and mortality [40]. Our standard issue of blood products in the
face of ongoing massive transfusion is a basin with ten units of type-compatible RBCs, ten
units of type-compatible plasma and one bag of apheresis platelets. If an initial platelet count
was available and less than 50 × 109/l, suggesting that administering a single apheresis bag
would not raise the count above 100 × 109/l, a second bag may be issued.

Cryoprecipitate
As noted earlier, in the past we rarely used cryoprecipitate. In our recent review of
conventional coagulation test results at admission for severe trauma, the prevalence of an
admission fibrinogen less than 1 g/l was less than 3%. With such patients now receiving
plasma in general earlier and in greater proportions than in the past, dilutional
hypofibrinogenemia should also become less common. However, recent work by Fries and
colleagues in Austria in animal and in vitro models suggests that increasing plasma
fibrinogen concentration leads to denser and stronger clots [44,45]. Our review of
conventional coagulation testing, cited above, revealed that, in severely injured patients,
even among those with fibrinogen concentrations in the normal range at admission, those
with relatively higher admission fibrinogen levels had relatively lower mortality.

Over the past 2 years, we have used increasing amounts of cryoprecipitate in one very
specific clinical situation: the patient with profound, ongoing hemorrhage, severe acidosis
and established coagulopathy. This is the patient in whom efforts to prevent coagulopathy
by the early use of plasma have failed, either because of overwhelming anatomic injury and
profound shock (e.g., a stab wound to the heart) or pre-existing coagulation defects (e.g.,
end-stage cirrhosis). In these circumstances, the concentration of critical clotting factors in
plasma is too dilute to reverse coagulopathy before the patient succumbs to hemorrhagic
shock. In most circumstances, this patient is moribund, and further efforts at resuscitation
are not justified. In some cases, however, when the surgeons have successfully controlled
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the primary anatomic source of hemorrhage, an effort to ‘jumpstart’ the coagulation system
may be justified. Our empiric approach to this patient at present is the rapid and near-
simultaneous administration of 6–12 units of cryoprecipitate, one-to-two pheresis packs of
platelets and 100 μg/kg of recombinant human clotting factor VIIa, providing the essential
ingredients for clotting in a concentrated form. While prospective, randomized evidence of
the benefits of this approach is obviously lacking, our anecdotal experience has been
favorable, and further study of this empiric ‘clotting cocktail’ is currently underway.

Our ability to study this approach has been facilitated by discussions between the trauma
service and the Blood Bank. In the past, when cryoprecipitate was requested for an acute
trauma patient, it frequently took several hours to determine a blood type, and unpackage,
thaw and pool a standard ten-unit dose. These events typically occurred on the evening or
night shifts, when transfusion service staffing was less, and the need to thaw plasma and
issue products took precedence, creating even more delay. We have now begun using
prepooled cryoprecipitate, frozen in six-unit aliquots, which markedly speeds the process of
unpacking, thawing and issuing this component in an emergency.

Coordination between the TRU & the blood bank
The aforementioned example of our changes in the form and handling of cryoprecipitate to
deliver the product faster demonstrates the importance of ongoing efforts at continuous
quality improvement both within transfusion services and in relation to their associated
trauma centers. Such efforts start with the identification of a problem, the exploration of
potential solutions, the development of protocols, the practicing of procedures and the
evaluation of products, processes and outcomes.

Our particular experience at the STC may be illustrative. In the past, we had a small satellite
blood bank in the trauma center. This was inactive most of the time and inadequate when
really needed. The single assigned technician could not perform rapid ABO typing and issue
emergency red cell units at the same time or rapidly issue large numbers of RBC units. The
transfusion service now maintains a self-service emergency blood refrigerator in the TRU –
the only one in the hospital. Each morning, transfusion service personnel inventory the
products, document the refrigerator temperatures and recover any paperwork. Nurses in the
TRU call the blood bank when products are removed or the refrigerator alarm sounds.
Transfusion center personnel restock the refrigerator after every use.

The TRU blood refrigerator is a large, seven-shelf, monitored blood bank model. On the top
shelf are the ten units of group O Rh-positive red cells; on the second shelf, the two units of
group O Rh-negative red cells; and on the third shelf, four units of AB plasma. The lower
shelves are used for products issued to specific patients undergoing evaluation. Each of the
uncrossmatched units has a card attached by a rubber band that identifies what the unit is
and with a space for the nurse to write the name and number of the patient to whom the
blood was given and the time of issue. When the card is filled out, it is placed back in the
refrigerator. There is also an inventory sheet on a clipboard, initially filled in by the
transfusion service and annotated by trauma center personnel with recipient name and
administration time in the documentation phase of an acute admission. The attending trauma
surgeon is asked to complete the request for emergency release of uncrossmatched blood
products form after the fact.

As a blood type is typically available in 15–30 min and antibody screen becomes available
approximately 45 min after admission, type-specific or -compatible blood products are
issued as rapidly as possible to reduce the demand for group O red cells and AB plasma. In
cases of massive uncontrolled hemorrhage, the blood request from the TRU is usually for
ten units of red cells, ten units of plasma and ten units of platelets. Blood bank training
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routines include drills for the rapid issue and assembly of type-compatible red cell units,
available units of type-compatible plasma and a unit of apheresis platelets. The units are
brought to the front desk, a barcode sticker is removed from each unit and placed on a blank
sheet of paper, the units are placed in a plastic washtub and the washtub is issued to the TRU
blood courier. The units are issued in the computer by reading the barcode labels from the
issue sheet. If insufficient units of thawed plasma were available to fill the order they are
thawed and sent in a second courier run. At the same time, senior blood bank technologists
consult with TRU nursing supervisors regarding ongoing supply issues, such as the need to
thaw additional plasma and plan for additional bulk issues.

If the number of RBC units issued impinges on the supply of group O units, or type-
compatible red cells are in short supply, a blood bank Medical Director is consulted by the
technologists. It is possible to give type-incompatible red cells in the middle of a massive
transfusion, but we have not done so in 30 years. This process was more common 25 years
ago when liver transplants occasionally required 300 units of red cells. Dzik has described
his experience of the medical aspects of this process at the Beth Israel Hospital in Boston
(MA, USA), and Susan Butch of the University of Michigan (MI, USA) blood service has
reviewed the administrative requirements [46,47]. Finally, in times of profound regional
shortages of group O red cells, deferral of elective surgeries and triage of trauma patients
may be necessary. In July 2003, our normal inventory of more than 260 units of group O red
cells fell briefly at one point to nine units.

The transfusion service must do its best to ensure the safety and availability of blood
products and provide expert advice on product administration without interfering with or
delaying patient care. This can create a point of conflict with the treating physicians who
may have more or less expertise on the details of the management of massive transfusion,
especially in coping with the coagulopathy of trauma. The sense can easily evolve that the
blood bank is blocking patient care from home or behind a desk, while the person in the
trauma bay is fighting to keep a dying patient alive. Clear published guidelines are essential,
with active and ongoing education of the physician and nursing staff as to what is indicated
and when. In addition, the active involvement of the transfusion service Medical Director at
the bedside aids greatly in the care of these patients and fosters a team mentality.

Blood support of trauma patients after initial resuscitation
Some patients do not achieve definitive control of hemorrhage for many days. A not
uncommon situation involves the packing of the liver to limit massive hemorrhage and
having the patient rebleed when the liver is unpacked several days later, as it must be to
limit granulation of the peritoneal surfaces in response to the packing and to remove
bacterially contaminated gauze. Ideally, such patients are maintained in intensive care units,
warmed, and otherwise prepared to optimize their coagulation and other physiologic
functions for the next surgery. However, in the most severely injured, multiple surgical
procedures cascade one into another. A damage-control laparotomy performed to limit life-
threatening hemorrhage may be followed by several orthopedic procedures on long bones,
pelvis and spine just to stabilize a patient to allow nursing care, and be followed in turn by
repairs of facial or distal extremity injuries.

Complications of alloexposure & alloimmunization
In this time period, multiple transfusion-related problems may also need to be addressed. If
Rh-D-positive red cells or platelets are given to a woman of childbearing age, it may be
possible to prevent alloimmunization with the administration of Rh immunoglobulin. If she
is clinically stable and heavily exposed, it may even be appropriate to perform red cell
exchange by apheresis before administration of Rh immunoglobulin [48]. If alloantibodies
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were detected in the initial antibody screen and ignored in an initial urgent or massive
transfusion, the possibility of a delayed hemolytic transfusion reaction must be considered
and the care team notified. This situation also arises with secondary immune responses to
alloantibodies that did not show at presentation. Figure 1 shows the course of the hematocrit
of a young man admitted after trauma and transfused four units of red cells. On the sixth
day, he manifested a Jk(a) alloantibody and sustained a brisk delayed hemolytic transfusion
reaction of the three Jk(a) antigen-positive units. Prompt feedback from the transfusion
service to the clinicians caring for this man prevented an extensive workup for a possible
new source of blood loss.

Microchimerism
The trauma and transfusion groups at the University of California, Davis (CA, USA), have
shown that transfused trauma patients have a significant incidence of at least a transient
transfusion-related microchimerism that can range from 10 to more than 50% of populations
they have examined and appears to have the potential to persist in approximately 5% of
affected individual for up to a period of decades [49–54]. Microchimerism appears to occur
when donor and recipient have closely matched HLA alleles. At this point, there do not
appear to be chronic immunologic sequella of this finding, and the incidence of scleroderma
is not higher in well-characterized patients so far [55].

Limiting blood product exposure
Blood transfusion is not without risks and, while lifesaving in the acute phase of trauma
resuscitation in moderately and severely injured patients, should be avoided when not
required. The Transfusion Requirements in Critical Care trial showed that hemodynamically
stable intensive care patients, including many trauma patients, did not need red cell
transfusion and did not appear to benefit from it [56]. Many retrospective studies suggest a
relationship between the administration of blood products and the incidence of multiple
organ failure but are unable to distinguish statistically between the possible adverse effects
of the blood itself and transfusion as a marker of worse injury [57–59]. However, there is no
question that misidentification of donors, recipients with acute hemolytic transfusion
reactions, administration of bacterially contaminated blood products and TRALI are all
associated with transfusion-related deaths each year in the USA and Britain [60,61]. How to
assess the balance points between dilutional coagulopathy and the risk of rebleeding, the
cardiovascular consequences of traumatic anemia and the risk of transfusion-related adverse
events remains both difficult and obscure. Currently, the best hope for significant advances
around this problem may be the early evaluation and management of the coagulopathy of
trauma resulting in decreasing the need for massive transfusion and its attendant risks.

Role of laboratory testing
The common laboratory tests used in the management of transfusion decisions in trauma
patients are hemoglobin or hematocrit, platelet count, prothrombin time (often expressed as
INR), partial thromboplastin time and fibrinogen concentration. These tests are widely
available, fast, reproducible and cheap. As noted above, abnormal values at admission are
correlated with injury severity and predictive of in-hospital mortality. Subsequent values
over the course of care can be observed for trends and used in conventional ways as guides
for transfusion. Transfusion triggers in actively bleeding patients or those who have recently
bled are higher for platelets, and probably also for plasma, than for stable patients or those
undergoing common elective surgeries. The mortality for brain injury and neurosurgery
increases rapidly with modest increases in prothrombin time.

Thromboelastometry is also used to monitor coagulation function in the injured, but is
slower, less reproducible and more costly than the conventional battery of laboratory tests
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[62]. Newer versions of the device appear to have better performance characteristics [63]. It
can be useful as a test of platelet function or fibrinolysis in the face of a normal screen with
the conventional tests, particularly in patients with normal platelet counts but who are taking
aspirin, clopidogrel or other antiplatelet agents prior to the traumatic event. This test has
been shown to be effective in limiting platelet transfusion in massive transfusion after
cardiac surgery; however, its role in trauma has yet to be elucidated [64,65].

Advances in intravascular volume management
‘The golden hour’ described by R Adams Cowley, the founder and namesake of our trauma
center, is a metaphor for the importance of speed in the diagnosis and treatment of trauma
patients. The desire for speed in treatment was the basis for the ATLS guidelines – goal-
directed therapy with aggressive fluid resuscitation and red cell support to reverse shock –
and, subsequently, the recognition that this approach may oversimplify complex physiologic
considerations such as coagulation. In addition, dilutional therapy necessarily decreases the
hematocrit and increases cardiac work. Beyond the issues of coagulopathy detailed above,
knowing when the golden hour has ended and the time has come to titrate fluids, including
transfusion, to optimize cardiac function is difficult with currently available tools. Although
the anesthesiologist often has a strong feeling for the moment when hemorrhage is
substantially controlled (because of continuous feedback from the patient’s response to
anesthetizing agents), it is harder to transfer this management paradigm to the intensive care
unit. The phenomenon of ‘occult hypoperfusion syndrome’ remains common in young
trauma patients reaching the intensive care unit [66]. This has become more obvious as
pulmonary artery catheters are used less and less often because of research showing them to
be ineffective in improving outcome in a variety of patient populations [67,68]. As a result,
some patients are grossly over-resuscitated while others are under-resuscitated. Small
arterial catheters that use pulse contour analysis to estimate cardiac output and intravascular
volume status may help to partially fill this void. Severe trauma in older patients may be an
exception to this general rule [69].

Abdominal sonography and echocardiography both have the potential to provide additional
critical information. This has been established for abdominal ultrasound in the form of the
focused abdominal sonography for trauma (FAST) exam [70–72]. In this process, a surgical
attending or fellow examines the epigastrum, flanks and pelvis of a patient with blunt
abdominal trauma to look for free fluid (blood) and major solid organ fracture. The
combination of free fluid and shock is an indication for immediate laparotomy in most major
trauma centers, and indicates the need for ongoing transfusion. However, shock alone can
have many causes in trauma patients beyond bleeding, such as pericardial effusion or
myocardial stunning. Following the work carried out in both children and adults, our center
is working to develop a focused rapid echocardiographic evaluation (FREE) to help titrate
fluid management and optimize cardiac function in severely injured, resuscitated patients
[73–75]. This would allow for the identification of patients with the well functioning but
relatively empty heart or, conversely, the full but poorly functioning heart; the former would
be treated with transfusion and fluid, the latter with inotrophic support and perhaps diuresis.
The information provided by arterial catheters, the FAST and the FREE are turning the
decision to transfuse trauma patients from an educated guess into an information-rich
decision, which is progress.

Expert commentary
Only 2% of civilian trauma patients and 8% of military casualties are likely to require
massive transfusion and therefore are likely to benefit from greater exposure to plasma and
other blood products. Severe injury, shock and evidence of rapid or uncontrollable bleeding
are the clinical indicators that suggest the need for the early use of plasma to prevent
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coagulopathy. After acute resuscitation, conservative blood guidelines apply. Better tools for
hemorrhage control and physiologic assessment are needed.

Five-year view
A world with more people, more vehicles and more guns will produce more injuries, but
there is also work ongoing to improve methods of care for the injured in the field and the
hospital that will reduce the use of blood components. Modern tourniquets are now
recognized as safe for the field control of extremity bleeding without compromising
extremity function if transportation to care is rapid and the injuries are treated promptly [76].
Hemorrhage-control bandage technology has improved rapidly over the last decade. Such
topical hemostats are now saving lives on the battlefield, and implantable and absorbable
versions for general surgical use are in development and testing [77,78]. New and more
concentrated plasma products will improve the control of coagulopathic bleeding and reduce
exposure to the undesirable biologic response modifiers in random donor plasma.
Erythropoietic and thrombopoietic drugs will help overcome injury-induced marrow
suppression and lessen the requirements for transfusion in the recovery phase. The number
of elderly with pre-existing medical conditions, including cardiac dysfunction, will increase;
this will further increase the need for data-guided fluid management. However, in the
absence of safe and effective substitutes for blood cells and many plasma proteins, the
requirement for blood transfusion will remain.

Communication between transfusion medicine specialists and those who provide direct care
to the injured will remain important for the foreseeable future. This will involve both mutual
teaching, shared responsibility in patient care, and shaping the goals and forms of research.
There is plenty of work for all.

Key issues

• Injuries will increase as the population increases and ages.

• There is an acute coagulopathy of trauma.

• The association between an acute coagulopathy of trauma and mortality will
increase demand for AB plasma.

• Implantable hemorrhage-control bandages are coming. They will reduce
mortality and blood product use, but they are several years away.

• Rapid laboratory test turnaround can guide blood product use even in the acute
phase of hemorrhage control.

• Once hemorrhage control is obtained, lower transfusion triggers are desirable.

• Better tools for physiologic assessment will allow better blood management.

• Transfusion triggers will depend on the rapid availability of rescue blood
products.

• Communication between the Transfusion Service and the Trauma Service
remains critical.
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Figure 1. Time course of serial hematocrit measurements of a trauma patient who presented
with a major scalp laceration and abdominal injuries and received four units of red cells during
the initial phase of treatment
At 6 days later, his hematocrit again decreased and a new anti-Jk(a) red cell alloantibody
was noted. Approximately three-quarters of Caucasian donors are Jk(a) antigen-positive and
retained segments of the blood bag tubing tested positive for Jk(a) in three of the four units
administered. The patient hemolyzed these three units with a nine-point drop in his
hematocrit. He was then uneventfully transfused with Jk(a) antigen-negative red cells.
RBC: Red blood cell; U: Unit.
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