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Review Article

Hippocrates wrote, “He who would become a surgeon should 
join an army and follow it.”1 The rapid advancement of trauma care is 
often, sadly, firmly linked to warfare. William Mayo, many centuries later, 

aptly stated, “Medicine is the only victor in war.” The crisis of injury created by 
war has often led to innovation in trauma care and surgical creativity, and many 
of our best practices were forced by war into widespread adoption.2 Others simply 
evolved into practice through a natural pathway of peer review, publication, and 
acceptance by the trauma community. Research on the management of severe in-
jury is extremely challenging to conduct, and innovation is often driven by neces-
sity rather than by the scientific method. Nevertheless, survival rates after severe 
injury are higher now than at any point in recorded history, and recent improve-
ments in care are attributable, in part, to the nearly two decades of war on terror-
ism. In the United States, injury remains the leading cause of death among per-
sons between the ages of 1 and 44 years, underscoring the fact that trauma is not 
only a wartime affliction.

This article reviews major advances in the care of severely injured patients. 
Some interventions are mechanical (tourniquets), some are pharmacologic (anti-
fibrinolytic therapy), and others are philosophical and require a new way of think-
ing (early damage-control surgery). Trauma care has changed substantially in the 
past 20 years, as summarized in Table 1. Practicing the best evidenced-based 
medicine in trauma care often requires imperfect decisions based on incomplete 
and evolving information. An aggressive and forward-leaning posture regarding 
emergency surgery remains the guiding principle.

T our nique t s

At the beginning of the global war on terror, the death rate from limb exsanguina-
tion and junctional wounds was extraordinarily high,3 despite a 1996 report on 
military medicine in which the authors recognized the need to use field tourni-
quets for life-threatening extremity hemorrhage.4 Improvised tourniquets became 
commonplace, though largely ineffective. Warfighters (i.e., members of the mili-
tary who fight in wars) recognized the need for better control of limb hemorrhage 
at the point of injury, and commercial devices to control limb exsanguination 
became standard on the battlefield, along with universal training in how to use 
them. These changes resulted in a demonstrable reduction in deaths from extrem-
ity exsanguination.5 Prior wars saw tourniquets fall out of favor because of delayed 
evacuation and subsequent limb loss due to ischemia. In the current conflicts, 
however, evacuation times have been dramatically shortened, and limb loss due to 
ischemia is now rare. Advanced topical hemostatic dressings were also introduced 
to control limb and junctional exsanguination.6 This advance, among others, has 
been codified in the Tactical Combat Casualty Care guidelines,6 which have con-
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tinued to evolve and guide warfighters to this 
day. As warfighters returned home, commercial 
tourniquets, along with appropriate training in 
their use, became popularized for everyday in-
jury, stimulated in part by mass-casualty inci-
dents.7 Those awful events created an acute 
awareness of the need for early, aggressive con-
trol of extremity hemorrhage and led to the 
Hartford Consensus and the Stop the Bleed 
campaign.8 These efforts were facilitated by a 
presidential endorsement, along with the endorse-
ments of multiple law enforcement officials, 
medical stakeholders, and policymakers. The uni-
versal use of commercial tourniquets designed 
to control limb exsanguination has not yet been 
phased into every first responder’s protocol. 
However, the data indicate that all first respond-
ers should adopt this aggressive strategy for 
controlling point-of-injury hemorrhage.9 Once a 
tourniquet is applied in the prehospital civilian 
environment, it should remain tightened until it 
can be safely taken off for assessment at a hos-
pital with surgical capability.

A n tifibr inoly tic Ther a py

Although the coagulopathy of trauma is not 
completely understood, we know that one com-
ponent is malignant hyperfibrinolysis. Fibrinoly-
sis is a normal intravascular process that main-

tains an appropriate balance with thrombosis. 
After severe injury, a hyperfibrinolytic state de-
velops in some patients, in which thrombus is 
endogenously lysed faster than it can be synthe-
sized. This alteration may exacerbate blood loss 
and contribute to death.10 Tranexamic acid, a 
pharmacologic antifibrinolytic agent, has been 
used for decades to mitigate postpartum hemor-
rhage.11 However, its usefulness for the treatment 
or prevention of hyperfibrinolysis in patients 
with trauma was not recognized until several 
years ago.12

Treatment with tranexamic acid (1 g admin-
istered as an intravenous bolus over a period of 
10 minutes, followed by a 1-g intravenous infu-
sion over a period of 8 hours, with the first dose 
given within 3 hours after injury) is simple, and 
its effect, if given within 3 hours after injury in 
the most severely injured patients, is substantial. 
For these reasons, treatment with tranexamic acid 
has been adopted as routine care on the battle-
field and is gaining acceptance in the United 
States and elsewhere.2 In the European Union, 
tranexamic acid is generally accepted as routine 
standard of care, and its cost, as compared with 
the costs of most other trauma interventions, is 
minimal. Administration is time-sensitive, and 
the greatest benefit with respect to mortality 
rates occurs when treatment is administered as 
early as possible after injury.13 Caution should 

Approach Purpose Outcome

Tourniquet Control of limb exsanguination Temporary cessation of bleeding limb injuries

Tranexamic acid (antifibrinolysis) Early treatment and prevention of trauma-
related hyperfibrinolysis

Improved intrinsic coagulation, elimination of hyper- 
fibrinolysis, prevention of trauma-related coagulopathy

Permissive hypotension Limitation of ongoing blood loss, preven-
tion of trauma-related coagulopathy

Lower-volume resuscitation, limitation of presurgical blood 
loss

The golden hour Rapid institution of measures to manage 
traumatic injury

Early, definitive surgical control of hemorrhage

High-ratio massive transfusion Prevention and treatment of trauma-related 
coagulopathy, volume expansion with-
out hemodilution (damage-control  
resuscitation)

Restoration of normal hemodynamics after hemorrhage  
control

Ultrasonography Noninvasive test for detection of internal 
hemorrhage and pneumothorax

Intracavitary bleeding identified in bilateral pleural spaces, 
pericardium, or intraabdominal compartment

REBOA* Early, temporary control of noncompress-
ible hemorrhage

Limitation of presurgical blood loss, temporary improvement 
in hemodynamics, minimally invasive alternative to  
thoracotomy and aortic cross-clamping

*  REBOA denotes resuscitative endovascular balloon occlusion of the aorta.

Table 1. Approaches to the Care of Severely Injured Patients.
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be exercised, however, since the administration 
of tranexamic acid more than 3 hours after in-
jury may increase the risk of death.

The use of this agent should also be incorpo-
rated into massive-transfusion programs. Not all 
patients with trauma will benefit from this in-
tervention; in particular, there is no benefit for 
patients who are initially thought to have mas-
sive bleeding but who, after careful triage, are 
found not to have massive bleeding. However, no 
substantial harm has been attributed to the uni-
versal adoption of this treatment as an initial 
intervention for patients with suspected severe 
hemorrhage.12,13 Although not directly an anti-
fibrinolytic intervention, the administration of 
plasma during transport to the hospital im-
proves coagulation status and reduces overall 
mortality.14

Per missi v e H y po tension

A century ago, Walter Cannon stated that “inac-
cessible or uncontrolled sources of blood loss 
should not be treated with intravenous fluids 
until the time of surgical control.” It took an-
other 76 years to scientifically validate this dic-
tum in a carefully executed study.15 Unfortunately, 
the strategy of withholding fluid resuscitation 
until vascular control is achieved was slow to 
diffuse into routine care; for most of the 20th 
century, allowing trauma patients to remain 
hypotensive until surgical intervention violated a 
major principle of fluid resuscitation with crys-
talloid solutions. The common practice of ad-
ministering 2 liters of crystalloid fluid in hypo-
tensive trauma patients worsens coagulopathy 
and acidosis and should be abandoned. Normo-
tensive patients should receive no fluid resusci-
tation, whereas hypotensive patients should have 
fluid resuscitation withheld until systolic blood 
pressure approaches 80 mm Hg systolic, at which 
point careful, small-volume boluses of blood or 
plasma (250 to 500 ml) should be given to 
maintain systolic blood pressure between 80 and 
90 mm Hg. The wars in the Middle East created 
an environment, whether by necessity, scientific 
principle, or command directive, that favored 
widespread use and acceptance of permissive 
hypotension.16 This approach not only is safe but 
also may provide a substantial survival benefit 
for patients with penetrating or blunt trauma.17 

The safe limits of permissive hypotension are un-
known, but the administration of large-volume 
intravenous fluids before surgical control of hem-
orrhage is dangerous and should not be per-
formed unless circumstances, such as a coexist-
ing traumatic brain injury, dictate otherwise.17-19

Da m age- Con trol Surger y

Damage-control surgery is a technical strategy 
to control massive bleeding. This approach pri-
oritizes the control of hemorrhage and contami-
nation on initial surgical intervention and in-
volves leaving the abdominal cavity with a 
temporary closure and delaying all other defini-
tive surgical maneuvers and reconstructions for 
subsequent operations. Sometimes referred to as 
“staged” surgery, damage control promotes sur-
vival in patients with the most severe injuries 
and the greatest blood loss. Some patients have 
to undergo serial operations over a period of 
many days to avoid the physiological insult of one 
prolonged operation entailing extensive blood 
loss. Between surgical stages, patients are placed 
in the intensive care unit, where their physiolog-
ical status is carefully managed, with attention 
to resuscitation, resolution of acidosis, mainte-
nance of normothermia, and elimination of co-
agulopathy, usually with the use of sedation and 
mechanical ventilation. On subsequent returns 
to the operating room, definitive surgical re-
construction is performed as physiologically 
tolerated, and the abdomen is closed as soon as 
all reconstruction is complete.

Although this approach has roots in the early 
20th century, it was resurrected and named 
damage-control surgery in 1993.20 The collective 
surgical experience in the global war on terror 
solidified the practice of damage control, and it 
has been adopted by trauma centers in many 
nations, including in most developed countries 
with adequate medical resources.21,22 Damage-
control surgery is now recognized as the stan-
dard of care for the most severely injured pa-
tients who are undergoing surgery for massive 
bleeding. Its adoption directly mitigates the vi-
cious cycle of hypothermia, acidosis, and coagu-
lopathy. Within 24 hours after completion of the 
index (damage-control) operation, the next op-
eration should be performed, and each subse-
quent operation should be performed within 24 

The New England Journal of Medicine 
Downloaded from nejm.org by The NEJM iPad Edition on April 10, 2019. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 



n engl j med 380;8 nejm.org February 21, 2019766

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

hours after completion of the previous opera-
tion, in order to improve the chances of primary 
fascial closure.23,24 Surgical attempts at primary 
fascial closure should occur every day, since bed-
side examination is not predictive of whether the 
fascia will close. In addition, the use of a vacuum 
device for temporary abdominal closure and the 
use of early, temporary neuromuscular blockade 
improve rates of primary fascial closure and 
should be considered if they are not contraindi-
cated.25 Caution should be exercised in selecting 
patients for damage-control surgery, since repeat 
operations increase morbidity among patients 
who are only moderately injured.26

The G olden Hour

During World War I, the French published the 
first scientific appreciation of the time-sensitive 
nature of the treatment of shock after injury, in 
a report entitled “Du Shock Traumatique dans 
les Blessures de Guerre: Analyses d’Observations.” 
Although the death rate has not been shown to 
rise precipitously at 60 minutes after injury,27 the 
recognition that intervention should occur rap-
idly helped drive the development of emergency 
medical systems. “The golden hour” moniker 
summarized this approach for policymakers, 
though it overlooks the reality that most deaths 
from truncal hemorrhage occur within 30 min-
utes after injury.28 More recently, data from the 

wars in Iraq and Afghanistan suggest that bat-
tlefield survival after injury was closely linked to 
the interval from injury and evacuation to the 
first surgical intervention. This prompted a De-
partment of Defense mandate to evacuate all 
combat casualties by helicopter within 60 min-
utes after injury, which did pay off in terms of 
saving lives.29,30

The contemporary understanding of the time-
sensitive nature of trauma remains paramount, 
since the interval between injury and surgical 
intervention fundamentally determines the out-
come, both on and off the battlefield.28,31 Surgi-
cal intervention, however, should not be conflated 
with triage and resuscitation. Resuscitation is not 
a substitute for hemorrhage control, and caution 
should be exercised when resuscitation measures 
are initiated without a plan for surgical control 
of hemorrhage. The primary purpose of the 
golden hour concept is to drive all efforts toward 
early hemorrhage control, including initial care, 
triage, rapid evacuation, and resuscitation (Fig. 1). 
Other trauma systems, such as the European and 
Australian emergency medical system, approach 
the golden hour by placing physicians or other 
advanced providers in the prehospital environ-
ment to facilitate early hemorrhage-control ma-
neuvers. From the very moment of injury, our 
focus needs to be on achieving surgical hemor-
rhage control. All other maneuvers are support-
ive of this primary goal.

Figure 1. Possible Interventions during the Golden Hour.

The primary purpose of the golden hour concept is to achieve early hemorrhage control. Prehospital and in-hospital maneuvers toward 
this goal include initial care, triage, rapid evacuation, and resuscitation. FAST denotes focused abdominal sonography for trauma, and 
REBOA resuscitative endovascular balloon occlusion of the aorta.
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High-R atio M a ssi v e Tr a nsfusion

Bleeding patients need blood. The use of asan-
guinous intravenous fluids as a resuscitation 
medium worsens the outcome.32 Whole blood, or 
a surrogate that approximates whole blood, 
should be used for resuscitation, with simulta-
neous initiation of hemorrhage-control maneu-
vers.33 Component therapy, particularly within 
the context of an organized massive-transfusion 
protocol, emphasizing a high ratio of packed red 
cells to plasma (1:1), was first shown to improve 
outcomes on the battlefield,34,35 with subsequent 
wider adoption.36-38 This approach should be 
embraced at all facilities that receive trauma 
patients. Blood products are refrigerated for 
storage and should be warmed to body tempera-
ture through the use of a fluid-warming device 
during resuscitation. This is an important point, 
because transfusion of cool blood products in a 
patient with trauma and hemorrhage will con-
tribute to iatrogenic hypothermia and coagulopa-
thy. The rate of administration should be pro-
portional to the degree of shock and should 
follow the principles of permissive hypotension. 
Blood products should be administered at as 
high a rate as possible (often as fast as 500 ml 
per minute) in order to obey the principles of 
hypotensive resuscitation, with a target systolic 
blood pressure of 80 mm Hg during damage-
control surgery. Resuscitation, however, is not a 
substitute for hemorrhage control. If resuscita-
tion is initiated, then a hemorrhage-control 
maneuver, including damage-control surgical 
interventions if appropriate, should be initiated 
simultaneously.

Ultr a sono gr a ph y

Ultrasonographic examination of the abdominal 
cavity and pericardium during the discovery 
phase of care (FAST [focused abdominal sonog-
raphy for trauma]) is as essential as the mea-
surement of vital signs in initial triage and sur-
gical decision making, particularly in a patient 
with trauma and hypotension.39 FAST examina-
tion within minutes after the patient’s arrival at 
a hospital (or in some cases even in the prehos-
pital environment) is the current standard of 
care in the United States, European countries, 
Australia, Japan, and most other developed coun-
tries. An extended FAST examination, which 

includes additional examination of the bilateral 
pleural spaces, is especially useful, particularly 
when plain radiography of the chest is delayed. 
These ultrasonographic examinations allow de-
tection and semiquantification of intraabdomi-
nal hemorrhage, which predicts the need for 
surgical intervention, and detection of traumatic 
hemopericardium (a surgical emergency), as well 
as hemothorax and pneumothorax.40 This can all 
be accomplished rapidly at the bedside within 
moments after the patient has arrived at the 
hospital. Early identification of these conditions 
allows the provider to immediately intervene, or 
set in motion a mechanism to intervene, with a 
hemorrhage-control maneuver such as laparot-
omy, tube thoracostomy, or thoracotomy without 
the need for additional radiographic or labora-
tory studies.41

A patient with trauma and hypotension does 
not belong in the computed tomography suite, 
and this common pitfall can be avoided by use 
of the bedside FAST examination. An additional 
pitfall is a false negative result of the FAST ex-
amination, which can occur even in experienced 
hands.42 If the patient appears to have noncom-
pressible, intracavitary abdominal hemorrhage, 
despite a negative FAST examination, the pro-
vider should suspect a false negative examina-
tion and proceed to other diagnostic maneuvers, 
such as diagnostic peritoneal aspiration or lavage, 
bilateral tube thoracostomy, or in appropriate 
cases, emergency exploratory laparotomy.

R esusci tati v e End ova scul a r 
B a ll o on O cclusion of the Aorta

Resuscitative endovascular balloon occlusion of 
the aorta (REBOA) is a rapidly emerging tech-
nique to control noncompressible, intracavitary 
hemorrhage below the diaphragm.43 Many sur-
geons regard this technique as a less invasive 
alternative to emergency thoracotomy and aortic 
cross-clamping for a patient who is hemody-
namically compromised but does not have evi-
dence of thoracic hemorrhage and is not in ar-
rest.44 An aortic occlusion balloon is rapidly 
placed into the aorta through percutaneous or 
open access to the common femoral artery, usu-
ally during initial triage. The balloon can then 
be positioned in zone I, just proximal to the 
aortic hiatus of the diaphragm, to temporarily 
control infradiaphragmatic exsanguination, once 
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supradiaphragmatic hemorrhage has been ruled 
out (Fig. 2). Alternatively, the balloon can be 
positioned in zone III to control massive pelvic 
or junctional hemorrhage, once supradiaphrag-
matic and intraabdominal hemorrhage have been 

ruled out.45,46 The principle of reasonably ruling 
out hemorrhage in any cavity proximal to pro-
posed balloon occlusion is of paramount impor-
tance. Occlusion distal to a vascular injury may 
result in acceleration of proximal blood loss and 
death. Techniques that may be used to rule out 
proximal hemorrhage include ultrasonography 
(with its known limitations), plain radiography 
of the chest and pelvis, diagnostic tube thora-
costomy, and diagnostic peritoneal aspiration or 
lavage.

REBOA allows temporary control of massive 
hemorrhage below the level of occlusion while a 
definitive hemostatic intervention is undertaken. 
The choice of hemostatic intervention is made 
on the basis of the injury pattern; the interven-
tion is usually an emergency surgical procedure 
(laparotomy), pelvic angioembolization, pelvic 
external fixation, preperitoneal pelvic packing, 
or a combination of all these interventions. Ab-
dominal visceral ischemia limits the occlusion 
time to less than 30 minutes, but ideally, the 
occlusion time should be as short as possible.47,48

Specialized techniques, such as intermittent 
REBOA, may be helpful in safely extending is-
chemic time.49 REBOA remains an intervention 
with an evolving set of indications, contraindica-
tions, techniques, and pitfalls. When used ap-
propriately by experienced providers, REBOA may 
improve the outcome for the subgroup of pa-
tients with the most severe injuries and the most 
extensive bleeding. The dangers of REBOA in-
clude total visceral ischemia, lower-limb loss, 
exacerbation of traumatic brain injury, spinal 
cord ischemia, and rapid proximal blood loss. 
This intervention, which is now commonly used 
at some specialized trauma centers, warrants 
attention and additional research.

 Summ a r y

Initial care of the severely injured patient has 
changed substantially in recent decades, in many 
ways stimulated by the global wartime experi-
ence. Continued advancement of trauma care 
outside of warfare requires a national commit-
ment to research, especially in some areas with 
great promise but with little data or incomplete 
acceptance (Table 2). Trauma care requires an 
extremely aggressive surgical approach, despite 
incomplete, imperfect, and rapidly changing 

Figure 2. Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA).

Shown are aortic occlusion zones. In zone I, safe positioning of the balloon 
for control of infradiaphragmatic hemorrhage is shown; in zone III, position-
ing for control of massive pelvic hemorrhage in the absence of a simultane-
ous abdominal source of hemorrhage is shown.
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information. This approach should be under-
taken immediately, beginning at the point of 
injury. Wider adoption of these advances is 
necessary to improve survival for severely in-

jured patients, particularly those with massive 
blood loss.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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