A Clinical Review of Bleeding Dilemmas in Trauma

David B. Hoyt

Trauma is rapidly replacing stroke and cardiovascular disease as a leading cause of death in Western countries such
as the United States, and almost a third (30%) of trauma deaths are due to blood loss. Although the new intervention
strategies that have been developed and adopted by emergency care staff have reduced this mortality in recent years,
bleeding continues to be a major challenge in the management of trauma patients. This paper reviews recent
developments and controversies in trauma care, and, in particular, the potential role of procoagulant therapy using
recombinant factor Vlla in the prevention of mortality due to bleeding.
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RAUMA IS an increasingly common cause of

death in civilian life, as well as a major cause of
death during military action. In the United States,
deaths due to trauma are rapidly overtaking the num-
bers who die from stroke and cardiovascular disease
(www.cdc.gov). Road traffic accidents account for al-
most one third (15.0 per 100,000)'8 of the currently
reported 147,000 (50.2 per 100,000) trauma deaths
per year in the United States. Trauma is already the
most common cause of death in young American
adults'® and, globally, young people between the ages
of 15 and 44 years account for almost 50% of the
world’s injury-related deaths. In fact seven of the 15
leading causes of deaths for people aged 5 to 29 years
are injury-related; these are road traffic injuries, sui-
cide, homicide, war, drowning, poisoning, and
burns.??

Almost one third (30%) of trauma deaths are due
to blood loss.'® Most of these deaths occur within the
first 4 hours after injury.! Laceration or fracture of
the scalp is the main cause of traumatic hemorrhage
(occurring in 60% of cases); the remaining 40% are
due to bleeding into the chest, abdomen, or retroperi-
toneum.'> Management of massive bleeds through
allogeneic transfusion is associated with immuno-
suppression®> and an increased risk of infection,®
which contribute to deaths occurring days or even
weeks after injury.

A loss of 50% of blood volume without resuscita-
tion is usually fatal and a hypotensive patient, who
has lost 30% to 35% of blood volume and is in
uncompensated shock, is close to death. The tradi-
tional approach to hemorrhagic shock has been to
resuscitate patients aggressively to restore blood vol-
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ume before surgical intervention. However, there are
risks associated with resuscitation in addition to the
potential delay to surgery, and such intervention is
now the subject of controversy. Hence, trauma sur-
geons face the central dilemma of how best to limit
blood loss and minimize the risks associated with
fluid resuscitation. New interventions such as proco-
agulant therapy using recombinant factor VIla (rF-
Vlla; NovoSeven®, Novo Nordisk, Bagsvaerd, Den-
mark) may have an important role in reducing
bleeding following trauma in the future.

The Changing Role of Fluid
Resuscitation

Until the 1990s, the standard intervention for hypo-
tensive trauma patients was aggressive fluid resusci-
tation with the goal of restoring end-organ perfusion
and oxygen delivery prior to surgery. Increase in
circulating volume also increases cardiac output and
blood pressure. However, it was suggested as early as
1920¢ that a sudden increase in blood pressure may
prove detrimental since it has the potential to precipi-
tate rebleeding from sites where physiological mech-
anisms have brought about cessation of hemorrhage.
In addition, with the obvious exception of fresh-
frozen plasma (FFP), most fluids administered to
resuscitate the patient will also reduce blood viscosity
and dilute clotting factors thus impairing hemostasis.
Rethinking of aggressive fluid resuscitation followed
the publication of the famous “Mattox trial” in 1994.2
The investigators performed a prospective, single-
center trial comparing immediate and delayed fluid
resuscitation in 598 adults with penetrating torso
injuries. All patients presenting had a pre-hospital
systolic blood pressure of less than 90 mm Hg. A total
of 203 of 289 patients (70%) who received delayed
fluid resuscitation survived compared with 193 of
309 patients (62%) who received immediate fluid
resuscitation (P = .04). The number of patients hav-
ing one or more postsurgical complications was
lower in the delayed fluid resuscitation group versus
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Table 1. Evacuation Times and Mortality Rates in Military Conflicts

Conflict Scene Evacuation Times Mortality
World War I 12-15 hours 3.3%
Korea 4-6 hours 2.4%
Vietnam 1-4 hours 1.8%

those receiving immediate fluid resuscitation: 23%
versus 30%, respectively.

Numerous studies before and since this study have
failed to demonstrate a survival benefit for aggressive
fluid resuscitation before mechanical stabilization of
the injury.!2!# There is also evidence to suggest that
restoring normal or near-normal blood pressure us-
ing fluid resuscitation before surgery may even
worsen survival.®:10.19.20 A recent Canadian prospec-
tive cohort study linked pre-hospital advanced life
support with higher mortality rates than basic pre-
hospital life support (29% v 18%, respectively). The
authors concluded that in urban centers with highly
specialized level 1 trauma centers, pre-hospital ad-
vanced life support was not beneficial to patients.!3

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

It is possible that avoiding fluid resuscitation com-
pletely, or at least delaying it until after surgery, can
improve survival compared with the traditional ag-
gressive approach. This strategy avoids both the risk
of increased bleeding due to destabilized hematoma,
and the delay incurred by resuscitation before surgi-
cal intervention. A relatively slow bleeding rate of 25
mL per minute would lead to death within 2 hours,
while a steady blood loss of 100 mL per minute would
be fatal within 30 minutes. The importance of rapid
surgical intervention is supported by data from
military conflicts showing a direct link between
shortened evacuation times and improved survival
(Table 1).7

With increasing numbers of studies showing no
benefit for aggressive resuscitation before surgery,
many trauma surgeons have adopted a strategy of
targeted hypotensive resuscitation, although it re-
mains controversial and is unsuitable for patients
with head injury. This approach aims to achieve a
blood pressure between 80 and 100 mm Hg, which is
sufficient to maintain adequate perfusion for short
periods while minimizing the risk of increased bleed-
ing that can occur when large volumes of fluid are
infused rapidly to achieve near-normal blood pres-
sure.?! Using this method, hypotensive resuscitation
may also be achieved faster than complete normaliza-
tion of blood pressure. There is evidence that primary

hemostasis is re-established after 6 hours, and that
patients who survive the first 6 hours following in-
jury are, therefore, unlikely to die from hemor-
rhage.!”

Potential Roles of Procoagulant Therapy

Although there are limited data on the use of rFVIIa
in the acute management of trauma patients, proco-
agulant intervention offers some intriguing potential
benefits. It appears likely that rFVIIa could poten-
tially play an important future role in reducing fatal-
ities due to hemorrhage following trauma. A hypo-
tensive patient reaching hospital has already lost
about a third of their blood volume and will die after
losing about 800 mL more blood. Thus, any interven-
tion that limits blood loss at an early stage may help
prevent death. There are several potential uses for
rFVIla in trauma bleed management.

Immediate Intervention in the Field

rFVIla administered in the field could promote stable
hematoma formation in soft tissue and visceral inju-
ries before the patient reaches the hospital. In addi-
tion, stabilizing clots at the accident site might pro-
tect patients from renewed bleeding following fluid
resuscitation, allowing effective fluid replacement
and reducing the risk of multiple organ failure.

Although this idea appears controversial today,
there could be clear benefits of early procoagulant
intervention for certain groups of patients, particu-
larly those with a simple injury that requires little or
no mechanical hemostasis (such as simple hemotho-
rax or parenchymal injury to the liver, spleen, or
kidney). Similarly, patients with predominantly ve-
nous bleeding from an injury such as a pelvic fracture
may benefit from rFVIIa administered before me-
chanical intervention (such as laparotomy and exter-
nal or internal fixation). Transient responders—
patients whose blood pressure is temporarily restored
before decreasing again after about 15 minutes—
usually have a single vascular injury or single organ
injury. This group is likely to require mechanical
hemostasis. The role of rFVIia in this group is less
clear. For nonresponders to fluid resuscitation, who
are usually suffering from massive parenchymal hem-
orrhage or large vessel injury, the priority should be
to control their bleeding surgically without delay,
and any presurgical intervention offers limited
benefit.

Acute Head Injury

A particular challenge to treating clinicians is pro-
gression of injury due to continuing intracranial
bleeding that places growing pressure on the brain
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Progression of Injury

Frontal
contusion
“blossoming”

Figure 1. Progression of acute head injury. (Top) A young male patient who was admitted after falling off his skateboard. The first
computed tomography (CT) scan was performed within 45 minutes of the injury being sustained, and shows a small epidural hematoma.
In the second scan, performed 3 hours following the first scan, the epidural hematoma has increased. (Bottom) A patient with a temporal
contusion; the second scan shows “blossoming” of the frontal contusion as the injury progresses over time. This type of injury might respond
particularly well to intervention using rFVlla.
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following an intracranial injury. The potential for
limiting this progression using procoagulant inter-
vention is particularly exciting, as it offers an oppor-
tunity to protect patients from brain damage, as well
as potentially reducing mortality following head in-
juries (Fig 1).

Consumptive Coagulopathy

Patients with consumptive coagulopathy remain a
major challenge for trauma surgeons: even if surgical
hemostasis is achieved, these patients continue to
bleed. The so-called “death spiral”— characterized by
hypothermia, consumptive coagulopathy, and acido-
sis—can resist all efforts at intervention and sur-
geons are currently ill-equipped to fight this con-
dition. The death spiral is caused largely by hypother-
mia, which is a common problem following aggres-
sive fluid resuscitation. Any hypotensive patient who
receives 4 U of unwarmed crystalloid and 8 U of blood is
likely to reach a core temperature below 35°C.

Most trauma surgeons follow an algorithm, typi-
cally giving platelet therapy first, followed by FFP,
and then cryoprecipitate, while rewarming the pa-
tient. During the past 10 years, trauma surgeons have
developed a “damage control” strategy to preempt
the death spiral. This strategy involves cutting short
surgery if a patient requires infusion of 10 U of blood,
and performing temporary measures such as blood
vessel shunts or bowel stapling with a plan to delay
reconstruction. The patient is then resuscitated in the
intensive care unit and given time to recover before
surgery is completed, perhaps even the next day.
Many have used rFVIIa in patients with consumptive
coagulopathy, with impressive results.!!

In a recent analysis of data on 210 patients who
bled to death during the Vietnam War, we identified
two new developments that might have reduced fa-
talities if they had been available at that time. These
new developments were the damage control strategy
to avoid consumptive coagulopathy, and the use of
procoagulant therapy.*

Conclusions

e Targeted hypotensive resuscitation may offer bet-
ter survival than aggressive fluid resuscitation.

e 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.

e New interventions such as procoagulant therapy
using rFVIIa are likely to become important ele-
ments in preventing mortality due to bleeding fol-
lowing trauma.

e Further trials are needed to explore the potential
benefits of procoagulant intervention for trauma
and traumatic brain injury patients.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

References

. Acosta JA, Yang JC, Winchell RJ, et al: Lethal injuries and

time to death in a level I trauma center. ] Am Coll Surg
186:528-533, 1998

. Bickell WH, Wall MJ Jr, Pepe PE, et al: Immediate versus

delayed fluid resuscitation for hypotensive patients with
penetrating torso injuries. N Engl J Med 331:1105-1109,
1994

. Blajchman MA: Immunomodulatory effects of allogeneic

blood transfusions: Clinical manifestations and mechanisms.
Vox Sang 74:315-319, 1998

. Blood CG, Puyana JC, Pitlyk PJ, et al: An assessment of the

potential for reducing future combat deaths through medical
technologies and training. J Trauma 53:1160-1165, 2002

. Blumberg N, Heal JM: Immunomodulation by blood transfu-

sion: An evolving scientific and clinical challenge. Am J Med
101:299-308, 1996

. Cannon WB: Traumatic Shock. New York, NY, Appleton, 1923
. Champion HR, Bellamy RF, Roberts CP, et al: A profile of

combat injury. J Trauma 54:513-S19, 2003 (suppl)

. Claridge JA, Sawyer RG, Schulman AM, et al: Blood transfu-

sions correlate with infections in trauma patients in a dose-
dependent manner. Am Surg 68:566-572, 2002

. Craig RL, Poole GV: Resuscitation in uncontrolled hemor-

rhage. Am Surg 60:59-62, 1994

de Guzman E, Shankar MN, Mattox KL: Limited volume
resuscitation in penetrating thoracoabdominal trauma.
AACN Clin Issues 10:61-68, 1999

Kaw LL Jr, Coimbra R, Potenza B, et al: The use of recombi-
nant factor VIIa for severe intractable bleeding during spine
surgery. Spine (in press)

Kaweski SM, Sise MJ, Virgilio RW: The effects of prehospital fluids
on survival in trauma patients. ] Trauma 30:1215-1218, 1990
Liberman M, Mulder D, Lavoie A, et al: Multicenter Canadian
study of prehospital trauma care. Ann Surg 237:153-160, 2003
Martin RR, Bickell WH, Pepe PE, et al: Prospective evaluation
of preoperative fluid resuscitation in hypotensive patients
with penetrating truncal injury: A preliminary report.
J Trauma 33:354-361, 1992

Pedowitz RA, Shackford SR: Non-cavitary hemorrhage pro-
ducing shock in trauma patients: Incidence and severity.
J Trauma 29:219-222, 1989

Potenza BM, Hoyt DB, Coimbra R, et al: The epidemiology of
serious and fatal injury in San Diego county over an 11-year
period. J Trauma 56(1), 2003

Sevitt S: Fatal road accidents. Injuries, complications and
causes of death in 250 subjects. Br J Surg 55:481-505, 1968
Shackford SR, Mackersie RC, Holbrook TL, et al: The epide-
miology of traumatic death. A population-based analysis.
Arch Surg 128:571-575, 1993

Solomonov E, Hirsh M, Yahiya A, et al: The effect of vigorous
fluid resuscitation in uncontrolled hemorrhagic shock after
massive splenic injury. Crit Care Med 28:749-754, 2000
Stern SA, Dronen SL, Birrer P, et al: Effect of blood pressure
on hemorrhage volume and survival in a near-fatal hemor-
rhage model incorporating a vascular injury. Ann Emerg Med
22:155-163, 1993

Stern SA: Low-volume fluid resuscitation for presumed hem-
orrhagic shock: Helpful or harmful? Curr Opin Crit Care
7:422-430, 2001

World Health Organization. Preventing death and disability
due to injuries is both an economic imperative and a health
priority. Press Release WHO/39, May 14 2002. Available at:
http://www.who.int/inf/en/pr-2002-39.html



	A Clinical Review of Bleeding Dilemmas in Trauma
	The Changing Role of Fluid Resuscitation
	Potential Roles of Procoagulant Therapy
	Immediate Intervention in the Field
	Acute Head Injury
	Consumptive Coagulopathy

	Conclusions
	References


