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Clinical Review of Bleeding Dilemmas in Trauma
avid B. Hoyt

rauma is rapidly replacing stroke and cardiovascular disease as a leading cause of death in Western countries such
s the United States, and almost a third (30%) of trauma deaths are due to blood loss. Although the new intervention
trategies that have been developed and adopted by emergency care staff have reduced this mortality in recent years,
leeding continues to be a major challenge in the management of trauma patients. This paper reviews recent
evelopments and controversies in trauma care, and, in particular, the potential role of procoagulant therapy using
ecombinant factor VIIa in the prevention of mortality due to bleeding.
emin Hematol 41(suppl 1):40-43. © 2004 Elsevier Inc. All rights reserved.
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RAUMA IS an increasingly common cause of
death in civilian life, as well as a major cause of

eath during military action. In the United States,
eaths due to trauma are rapidly overtaking the num-
ers who die from stroke and cardiovascular disease
www.cdc.gov). Road traffic accidents account for al-
ost one third (15.0 per 100,000)18 of the currently

eported 147,000 (50.2 per 100,000) trauma deaths
er year in the United States. Trauma is already the
ost common cause of death in young American

dults10 and, globally, young people between the ages
f 15 and 44 years account for almost 50% of the
orld’s injury-related deaths. In fact seven of the 15

eading causes of deaths for people aged 5 to 29 years
re injury-related; these are road traffic injuries, sui-
ide, homicide, war, drowning, poisoning, and
urns.22

Almost one third (30%) of trauma deaths are due
o blood loss.16 Most of these deaths occur within the
rst 4 hours after injury.1 Laceration or fracture of
he scalp is the main cause of traumatic hemorrhage
occurring in 60% of cases); the remaining 40% are
ue to bleeding into the chest, abdomen, or retroperi-
oneum.15 Management of massive bleeds through
llogeneic transfusion is associated with immuno-
uppression3,5 and an increased risk of infection,8

hich contribute to deaths occurring days or even
eeks after injury.
A loss of 50% of blood volume without resuscita-

ion is usually fatal and a hypotensive patient, who
as lost 30% to 35% of blood volume and is in
ncompensated shock, is close to death. The tradi-
ional approach to hemorrhagic shock has been to
esuscitate patients aggressively to restore blood vol-
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me before surgical intervention. However, there are
isks associated with resuscitation in addition to the
otential delay to surgery, and such intervention is
ow the subject of controversy. Hence, trauma sur-
eons face the central dilemma of how best to limit
lood loss and minimize the risks associated with
uid resuscitation. New interventions such as proco-
gulant therapy using recombinant factor VIIa (rF-
IIa; NovoSeven�, Novo Nordisk, Bagsvaerd, Den-
ark) may have an important role in reducing

leeding following trauma in the future.

The Changing Role of Fluid
Resuscitation

ntil the 1990s, the standard intervention for hypo-
ensive trauma patients was aggressive fluid resusci-
ation with the goal of restoring end-organ perfusion
nd oxygen delivery prior to surgery. Increase in
irculating volume also increases cardiac output and
lood pressure. However, it was suggested as early as
9206 that a sudden increase in blood pressure may
rove detrimental since it has the potential to precipi-
ate rebleeding from sites where physiological mech-
nisms have brought about cessation of hemorrhage.
n addition, with the obvious exception of fresh-
rozen plasma (FFP), most fluids administered to
esuscitate the patient will also reduce blood viscosity
nd dilute clotting factors thus impairing hemostasis.
ethinking of aggressive fluid resuscitation followed

he publication of the famous “Mattox trial” in 1994.2
he investigators performed a prospective, single-
enter trial comparing immediate and delayed fluid
esuscitation in 598 adults with penetrating torso
njuries. All patients presenting had a pre-hospital
ystolic blood pressure of less than 90 mm Hg. A total
f 203 of 289 patients (70%) who received delayed
uid resuscitation survived compared with 193 of
09 patients (62%) who received immediate fluid
esuscitation (P � .04). The number of patients hav-
ng one or more postsurgical complications was

ower in the delayed fluid resuscitation group versus

uppl 1 ( January), 2004: pp 40-43
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Bleeding in Trauma 41
hose receiving immediate fluid resuscitation: 23%
ersus 30%, respectively.

Numerous studies before and since this study have
ailed to demonstrate a survival benefit for aggressive
uid resuscitation before mechanical stabilization of
he injury.12,14 There is also evidence to suggest that
estoring normal or near-normal blood pressure us-
ng fluid resuscitation before surgery may even
orsen survival.9,10,19,20 A recent Canadian prospec-

ive cohort study linked pre-hospital advanced life
upport with higher mortality rates than basic pre-
ospital life support (29% v 18%, respectively). The
uthors concluded that in urban centers with highly
pecialized level I trauma centers, pre-hospital ad-
anced life support was not beneficial to patients.13

Hence, medical personnel confronted with a hypo-
olemic trauma patient have to balance the adminis-
ration of fluid, with its associated risks of rebleeding
nd increased blood loss, and withholding fluid;
hereby allowing the possibility of immediate or rapid
eath from hypovolemia.

It is possible that avoiding fluid resuscitation com-
letely, or at least delaying it until after surgery, can

mprove survival compared with the traditional ag-
ressive approach. This strategy avoids both the risk
f increased bleeding due to destabilized hematoma,
nd the delay incurred by resuscitation before surgi-
al intervention. A relatively slow bleeding rate of 25
L per minute would lead to death within 2 hours,
hile a steady blood loss of 100 mL per minute would
e fatal within 30 minutes. The importance of rapid
urgical intervention is supported by data from
ilitary conflicts showing a direct link between

hortened evacuation times and improved survival
Table 1).7

With increasing numbers of studies showing no
enefit for aggressive resuscitation before surgery,
any trauma surgeons have adopted a strategy of

argeted hypotensive resuscitation, although it re-
ains controversial and is unsuitable for patients
ith head injury. This approach aims to achieve a
lood pressure between 80 and 100 mm Hg, which is
ufficient to maintain adequate perfusion for short
eriods while minimizing the risk of increased bleed-

ng that can occur when large volumes of fluid are
nfused rapidly to achieve near-normal blood pres-
ure.21 Using this method, hypotensive resuscitation
ay also be achieved faster than complete normaliza-

Table 1. Evacuation Times and Mortality Rates in Military Conflicts

Conflict Scene Evacuation Times Mortality

orld War II 12-15 hours 3.3%
orea 4-6 hours 2.4%
ietnam 1-4 hours 1.8%
ion of blood pressure. There is evidence that primary b
emostasis is re-established after 6 hours, and that
atients who survive the first 6 hours following in-
ury are, therefore, unlikely to die from hemor-
hage.17

Potential Roles of Procoagulant Therapy

lthough there are limited data on the use of rFVIIa
n the acute management of trauma patients, proco-
gulant intervention offers some intriguing potential
enefits. It appears likely that rFVIIa could poten-
ially play an important future role in reducing fatal-
ties due to hemorrhage following trauma. A hypo-
ensive patient reaching hospital has already lost
bout a third of their blood volume and will die after
osing about 800 mL more blood. Thus, any interven-
ion that limits blood loss at an early stage may help
revent death. There are several potential uses for
FVIIa in trauma bleed management.

mmediate Intervention in the Field

FVIIa administered in the field could promote stable
ematoma formation in soft tissue and visceral inju-
ies before the patient reaches the hospital. In addi-
ion, stabilizing clots at the accident site might pro-
ect patients from renewed bleeding following fluid
esuscitation, allowing effective fluid replacement
nd reducing the risk of multiple organ failure.

Although this idea appears controversial today,
here could be clear benefits of early procoagulant
ntervention for certain groups of patients, particu-
arly those with a simple injury that requires little or
o mechanical hemostasis (such as simple hemotho-
ax or parenchymal injury to the liver, spleen, or
idney). Similarly, patients with predominantly ve-
ous bleeding from an injury such as a pelvic fracture
ay benefit from rFVIIa administered before me-

hanical intervention (such as laparotomy and exter-
al or internal fixation). Transient responders—
atients whose blood pressure is temporarily restored
efore decreasing again after about 15 minutes—
sually have a single vascular injury or single organ

njury. This group is likely to require mechanical
emostasis. The role of rFVIIa in this group is less
lear. For nonresponders to fluid resuscitation, who
re usually suffering from massive parenchymal hem-
rrhage or large vessel injury, the priority should be
o control their bleeding surgically without delay,
nd any presurgical intervention offers limited
enefit.

cute Head Injury

particular challenge to treating clinicians is pro-
ression of injury due to continuing intracranial

leeding that places growing pressure on the brain
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igure 1. Progression of acute head injury. (Top) A young male patient who was admitted after falling off his skateboard. The first
omputed tomography (CT) scan was performed within 45 minutes of the injury being sustained, and shows a small epidural hematoma.
n the second scan, performed 3 hours following the first scan, the epidural hematoma has increased. (Bottom) A patient with a temporal
ontusion; the second scan shows “blossoming” of the frontal contusion as the injury progresses over time. This type of injury might respond
articularly well to intervention using rFVIIa.
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Bleeding in Trauma 43
ollowing an intracranial injury. The potential for
imiting this progression using procoagulant inter-
ention is particularly exciting, as it offers an oppor-
unity to protect patients from brain damage, as well
s potentially reducing mortality following head in-
uries (Fig 1).

onsumptive Coagulopathy
atients with consumptive coagulopathy remain a
ajor challenge for trauma surgeons: even if surgical

emostasis is achieved, these patients continue to
leed. The so-called “death spiral”—characterized by
ypothermia, consumptive coagulopathy, and acido-
is—can resist all efforts at intervention and sur-
eons are currently ill-equipped to fight this con-
ition. The death spiral is caused largely by hypother-
ia, which is a common problem following aggres-

ive fluid resuscitation. Any hypotensive patient who
eceives 4 U of unwarmed crystalloid and 8 U of blood is
ikely to reach a core temperature below 35°C.

Most trauma surgeons follow an algorithm, typi-
ally giving platelet therapy first, followed by FFP,
nd then cryoprecipitate, while rewarming the pa-
ient. During the past 10 years, trauma surgeons have
eveloped a “damage control” strategy to preempt
he death spiral. This strategy involves cutting short
urgery if a patient requires infusion of 10 U of blood,
nd performing temporary measures such as blood
essel shunts or bowel stapling with a plan to delay
econstruction. The patient is then resuscitated in the
ntensive care unit and given time to recover before
urgery is completed, perhaps even the next day.
any have used rFVIIa in patients with consumptive

oagulopathy, with impressive results.11

In a recent analysis of data on 210 patients who
led to death during the Vietnam War, we identified
wo new developments that might have reduced fa-
alities if they had been available at that time. These
ew developments were the damage control strategy
o avoid consumptive coagulopathy, and the use of
rocoagulant therapy.4

Conclusions

Targeted hypotensive resuscitation may offer bet-
ter survival than aggressive fluid resuscitation.
Maintaining stability of primary hemostasis at the site
of injury that limits bleeding is an important consid-
eration in the acute management of trauma patients.
New interventions such as procoagulant therapy
using rFVIIa are likely to become important ele-
ments in preventing mortality due to bleeding fol-
lowing trauma.
Further trials are needed to explore the potential
benefits of procoagulant intervention for trauma
and traumatic brain injury patients.
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