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IntroductIon

trauma and injuries account for 38% of the surgical 
burden of disease, disproportionately affecting 
younger patients (1). In the united States, trauma 
ranks fifth as a cause of death in all patients but is the 
leading cause of death in patients 44 years or younger. 
Most preventable in-hospital deaths from trauma are 
due to uncontrolled hemorrhage and resultant coagu-
lopathy (2). therefore, developing effective strategies 
to surgically control hemorrhage, successfully resus-
citate the bleeding patient, and adequately correct 

traumatic coagulopathy is essential to increase the 
chances of survival of trauma patients. In this article, 
we describe damage control resuscitation (dcr) as a 
strategic approach to the trauma patient who presents 
in extremis.

PathoPhySIology

the classically described lethal triad of trauma con-
sists of hypothermia, acidosis, and coagulopathy. the 
close interplay of these physiological derangements in 
the bleeding trauma patient leads to exsanguination 
and death, if not immediately recognized and aggres-
sively reversed.

hyPotherMIa

hypothermia in the trauma patient is multifactorial. 
Postulated etiologies include (1) cold exposure and 
body heat loss at the scene of injury, during transport, 
and in the emergency room; (2) the rapid administra-
tion of cold treatment fluids; and (3) the anesthesia/
sedation effect on those patients requiring endotra-
cheal intubation. In addition, the anaerobic metabo-
lism that often accompanies hemorrhage (and leads 
to lactic acidosis) is less exothermic than aerobic 
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metabolism, leading to less endogenous body heat 
production, thus exacerbating the patient’s hypother-
mia. hypothermia is classified as mild when the core 
body temperature is between 34°c and 36°c, moder-
ate with a temperature between 32°c and 34°c, and 
severe when it decreases below 32°c.

hypothermia increases bleeding by impeding 
platelet adhesion (due to decreased thromboxane pro-
duction), dysregulating the coagulation factors and 
enzymes, and interfering with fibrinolysis (3). Such an 
in vivo effect of hypothermia on coagulopathy is often 
missed upon coagulation parameters testing (e.g. pro-
thrombin, partial thromboplastin, and bleeding times), 
due to routine in vitro warming of the blood sample to 
a temperature of 37°c prior to running the tests. 
clinically, hypothermia in the trauma patient contrib-
utes to worse coagulopathy, worse metabolic acidosis, 
and cardiac dysrhythmias and serious electrolyte dis-
orders.

acIdoSIS

For the patient in shock, metabolic acidosis results 
from inadequate tissue perfusion, and subsequent 
production of lactic acidosis through anaerobic metab-
olism. the acidosis is often exacerbated by the overuse 
of normal saline for resuscitation. normal saline has 
supraphysiologic concentrations of chloride (154 
meq/l), leading to hyperchloremic metabolic acido-
sis. the activity of many coagulation factors, like most 
protein-based enzymes, is dependent on the ph of 
their milieu. Several studies reliably confirm decreased 
coagulation factors’ activity with decreasing ph; for 
example, a ph decrease from 7.4 to 7.0 reduces the 
activity of factor VIIa by over 90% (4) and the activity 
of the factor Xa/Va complex by more than 70% (5). 
clinically, the degree of base deficit (i.e. acidosis) and 
the lactate levels on admission to the trauma may 
strongly correlate with worse patient mortality (6, 7).

coaguloPathy

coagulopathy in the trauma patient is complex and is 
usually a combination of (1) dilutional resuscitation-
related coagulopathy (dc) (8) and (2) non-dilutional 
acute traumatic coagulopathy (atc) (9–11). dc occurs 
because of hemodilution during the administration of 
intravenous crystalloid or colloid fluids. In an analysis 
of the german trauma registry database, the volume 
of fluid resuscitation administered was proportional 
to the incidence of coagulopathy: coagulopathy devel-
oped in 40% of patients who received more than 2 l of 
intravenous fluids, in 50% of those who received more 
than 3 l of fluids, and in 70% of patients who received 
more than 4 l of fluids (12). dc may also occur if inad-
equate volumes of fresh frozen plasma (FFP) are given 
during massive blood transfusion. atc is early 
trauma-related coagulopathy that occurs before 
hemodilution of coagulation factors, and affects about 
one-third of major trauma patients. It is believed that 
atc results mainly from direct activation of the pro-
tein c pathway by tissue injury and hypoperfusion 
(10, 11, 13, 14). activated protein c is a serine protease 
that depletes plasminogen activators, inhibits the 

coagulation factors V and VIII, and thus prevents 
coagulation and enhances fibrinolysis.

dcr

hIStory

In the last few years, there has been a paradigm shift 
in the management of the severely injured trauma 
patient. as our understanding of the nature of trauma-
related coagulopathy evolved, and with the recent 
combat trauma experiences in Iraq and afghanistan, 
the concept of dcr in trauma was born. the term 
“damage control” itself originated from World War II 
description of the uS navy’s strategy to salvage sink-
ing ships (15, 16). the—then—new strategy avoided 
immediate definitive repair of the damaged vessel, 
and focused instead on preserving only what was 
needed to return the ship safely back into the port (e.g. 
watertight integrity, propelling power) for eventual 
definitive repair.

deFInItIon

dcr is a systematic approach to the management of 
the trauma patient with severe injuries that starts in 
the emergency room and continues through the oper-
ating room and the intensive care unit (Icu). It is 
designed, along with damage control surgery, to 
promptly and aggressively reverse the lethal trauma 
triad of coagulopathy, acidosis, and hypothermia.

algorIthM

When combined with damage control surgery, dcr 
has been shown to improve 30-day patient survival 
(17). an algorithm that incorporates damage control 
surgery and dcr is suggested in Fig. 1 and empha-
sizes the five pillars of dcr: (1) body rewarming, (2) 
correction of acidosis, (3) permissive hypotension, (4) 
restrictive fluid administration, and (5) hemostatic 
resuscitation.

Body reWarMIng

granted that hypothermia is better prevented than 
reversed, the patient’s hypothermia should be 
addressed in conjunction with the efforts to correct the 
trauma-related coagulopathy. rewarming the torso 
before the extremities is essential to prevent worsen-
ing hypotension and acidosis due to peripheral vaso-
dilation. depending on the rate of rewarming needed, 
and the severity of the patient’s hypothermia, three 
strategies of rewarming can be adopted: (1) passive 
external rewarming (e.g. removal of wet clothing, 
warm blankets, raising the ambient temperature of 
room), (2) active external rewarming (e.g. forced air-
warming devices), and (3) active internal core rewarm-
ing (e.g. heated intravenous fluids, blood and blood 
products, humidified and heated oxygen administra-
tion). More invasive interventions such as body 
immersion in warm water, body cavity (gastric, esoph-
ageal, pleural, peritoneal) lavage, endovascular warm-
ing, or placing the patient on cardiovascular bypass 
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are rarely needed in the trauma patient, and their use 
is almost always prohibited by the unstable clinical 
status and ongoing bleeding. Persistence or quick 
relapse of the hypothermia despite best efforts should 
raise the suspicion for ongoing hemorrhage.

reVerSIng acIdoSIS

there currently exist no convincing data supporting 
the administration of bicarbonate or tris-hydroxyme-
thyl aminomethane (thaM) to directly reverse meta-
bolic acidosis in trauma patients, even when the ph is 
less than 7.2. correction of the metabolic acidosis in 
the trauma patient is better achieved through aggres-
sive blood and blood product resuscitation and vaso-
pressor support until surgical control of hemorrhage 
is achieved, shock is reversed, and end-organ perfu-
sion is restored. If direct reversal of severe acidosis is 
still sought, thaM has a slight advantage over bicar-
bonate in patients with hypernatremia or concomitant 
respiratory acidosis, as it does not involve excessive 
administration of sodium or the by-production of co2 
(18). Several endpoints of resuscitation need to be set a 
priori and followed diligently as vital signs alone are 
poor indicators of end-organ perfusion. Base deficit 
and lactate levels are reliable perfusion indices worth 
trending as markers of the adequacy of resuscitation; 
the initial levels at the time of presentation, as well as 
their clearance from plasma within the first few hours 
of resuscitation, correlate with mortality in trauma 
patients (19, 20).

PerMISSIVe hyPotenSIon

deFInItIon

Permissive hypotension is one of the central compo-
nents of dcr. Permissive hypotension is the strategic 
decision to delay the initiation of fluid resuscitation 
and limit the volume of resuscitation fluids/blood 
products administered to the bleeding trauma patient 
by targeting a lower than normal blood pressure, usu-
ally a systolic blood pressure of 80–90 mmhg or a 
mean arterial pressure (MaP) of 50 mmhg.

ratIonale

the theories behind permissive hypotension suggest 
that a lower target blood pressure (and thus a lower 
volume of resuscitation fluid) will improve patient 
outcomes by (1) decreasing the incidence and severity 
of dilutional coagulopathy and (2) avoiding the hypo-
thetical “pop the clot” effect, which occurs when the 
fresh and unstable clot sealing a vascular laceration is 
dislodged when the intravascular pressure increases. 
a third potential advantage of restricting the volume 
of resuscitative fluids relates to the amelioration of the 
inflammatory cascade, which is exacerbated in 
response to exogenous fluids administration.

eVIdence

the earliest evidence for permissive hypotension in 
trauma patients came from a prospective trial  

“Scoop & Run”

Minimize fluid resuscitation

Prevent hypothermia

Goal:
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Injury

Pre-hospital Care
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Administer cryoprecipitate, if needed
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Fig. 1. Suggested damage control resuscitation and surgery 
algorithm. times are estimates and should be tailored to the 
specific patient’s needs and clinical situation.
or: operating room; Ir: interventional radiology; PrBc: packed 
red blood cell; FFP: fresh frozen plasma.
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published in 1994 (21). In that pioneer but heavily cri-
tiqued study of penetrating torso trauma subjects, 
hypotensive patients who received no intravenous 
fluid administration prior to the operating room and 
were allowed a lower blood pressure in the pre-hospital 
and emergency room phases had a higher survival than 
those who were treated with more fluids targeting a 
“normal” systolic blood pressure (70% vs 62%, p = 
0.04). the applicability of this strategy to all patients 
with hemorrhagic shock, including those who sus-
tained blunt trauma, is controversial. Many subsequent 
randomized trials of hemorrhagic shock in humans or 
animals have not shown a clear mortality benefit (22–
24) but had not identified any harm either. one study in 
rats suggested that transiently targeting a MaP of 50 
mm hg rather than 80 mm hg results in less blood loss 
and improved animal survival (25). In that same study, 
permissive hypotension for longer than 90–120 min 
was associated with end-organ damage and worse ani-
mal outcomes. a randomized controlled trial is cur-
rently being conducted comparing the outcomes of 
targeting an intraoperative MaP of 50 versus 65 mmhg 
in patients with hemorrhagic shock undergoing sur-
gery. the preliminary results of the first 90 patients 
were recently published, but the two arms of compari-
son are still not adequately matched in terms of injury 
severity; the preliminary data, however, suggest that 
permissive hypotension results in less blood product 
transfusion and intravenous fluids administration, an 
improved survival in the early postoperative phase, 
and a trend toward improved survival at 30 days (26). 
Permissive hypotension is better avoided in patients 
with evidence of major traumatic brain injury, as main-
taining cerebral perfusion pressure is essential to limit 
secondary brain injury and further neuronal cells death 
in this patient population.

reStrIctIVe FluId adMInIStratIon

In sharp contrast to the historic practice of “keeping 
the fluids running,” the current evidence strongly sug-
gests that the use of intravenous fluids in hemorrhagic 
shock patients should be minimized. aggressive fluid 
resuscitation results in worse coagulopathy, an exag-
gerated trauma-related systemic inflammatory 
response syndrome (SIrS), an increased incidence of 
adult respiratory distress syndrome (ardS), pulmo-
nary edema, compartment syndrome, anemia, throm-
bocytopenia, pneumonia, electrolyte disturbances, 
and overall worse survival (27–32).

cryStalloIdS VerSuS colloIdS

the type of fluid resuscitation used makes little differ-
ence. In a well-designed randomized controlled trial 
in all Icu patients, the overall 28-day mortality was 
similar between patients who were resuscitated with 
crystalloids versus those resuscitated with colloids 
(albumin) (33). the subset of trauma patients also had 
similar mortality rates, although a statistical trend for 
better survival with crystalloids versus albumin was 
observed. a subsequent ad hoc analysis of the same 
data found that albumin is associated with worse mor-
tality in traumatic brain injury patients, compared 

with saline resuscitation (34). In the actively bleeding 
trauma patient, the resuscitation fluid of choice should 
be blood (and blood products), as we will delineate in 
the next section.

hyPertonIc SalIne

hypertonic saline (htS) is commonly used in 
patients with traumatic brain injury in order to 
decrease intracranial cerebral pressure and to 
improve posttraumatic cerebral edema and oxygena-
tion. early small clinical studies suggested that htS 
might be an ideal resuscitation fluid for all trauma 
patients: it works well as a volume expander (250 ml 
of 7.5% htS is equivalent to 2–3 l of normal saline) 
and might have a favorable immune-modulating 
effect (35, 36). two large randomized clinical trials 
that were recently designed and conducted by the 
resuscitation outcomes consortium (roc) 
attempted to study outcomes of resuscitation with 
htS in traumatic brain injury patients and in patients 
with hypovolemic shock (37, 38). Both trials were 
stopped early after interim analysis for failure to 
show any favorable outcomes with htS and for 
safety concerns. therefore, we currently do not rec-
ommend htS for resuscitation of trauma patients in 
shock.

heMoStatIc reSuScItatIon

Blood and Blood coMPonent tranSFuSIon

unbalanced transfusion strategies in the exsanguin-
ating trauma patient invariably lead to depletion of 
coagulation factors, exacerbation of dilutional coag-
ulopathy, and more bleeding. once the patient is rec-
ognized to have massive hemorrhage (fast rate of 
bleeding or requirement of more than 10 units of 
blood), early administration of blood products in 
addition to packed red blood cells (PrBcs) can help 
prevent trauma-related coagulopathy. Waiting for 
the classical coagulation parameters (prothrombin 
time (Pt), partial thromboplastin time (Ptt), plate-
lets, and fibrinogen) to tailor transfusions may have 
deleterious effects, as the amount of blood transfu-
sion needed in the trauma patient independently 
correlates with a higher incidence of ardS, worse 
SIrS, poorer outcomes, and overall worse survival 
(39–41). one of the main pillars of dcr is early and 
aggressive transfusion of blood products aiming for 
a ratio of PrBcs, FFP, and platelets that approxi-
mates 1:1:1. the pioneering data for a balanced ratio 
of PrBcs and FFPs came from military experience, 
where the survival of combat hospital patients 
receiving variable ratios of FFP:PrBc was studied 
(42). In this retrospective study, the survival of 
patients receiving FFPs in a 1:8 ratio compared to 
PrBcs was dramatically higher than those receiving 
FFPs in a 1:1.4 ratio (92.5% vs 37%, p < 0.001). Most 
subsequent studies concurred that early FFP and 
blood products administration was beneficial in 
hemorrhaging patients, although controversy per-
sists on the ideal transfusion ratio (43–53). one of 
the main criticisms of these retrospective studies lies 
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in the inherent selection (or survival) bias, where the 
patients received more FFPs because they had sur-
vivable injuries and thus lived longer with enough 
time to receive FFP (which typically requires about 
40 min to thaw and prepare) and not because of the 
FFP (54–57). In an attempt to address this criticism of 
survival bias, a recent multicenter study found that 
high FFP/PrBc and platelet/PrBc ratios are asso-
ciated with a survival benefit independent of the 
fluctuations of the time of administration of blood 
products, and concluded that the high component 
transfusion ratio survival benefit is not a mere selec-
tion bias (58). the data for early and aggressive 
platelet and cryoprecipitate (fibrinogen) transfusion 
in the massively hemorrhaging patient are similarly 
retrospective but suggest improved survival (59–62). 
the benefit of high component transfusion ratios is 
not clear in patients who require transfusion of less 
than 10 units of PrBcs. of note, level 1 evidence is 
lacking on this issue. the roc, sponsored by the 
national Institutes of health, is currently conduct-
ing a large-scale, multicenter, prospective rand-
omized study, comparing patients who receive 1:1 
FFP:PrBc with those who receive 1:2.

MaSSIVe tranSFuSIon ProtocolS

Massive transfusion is typically defined as a transfu-
sion of 10 or more units of PrBcs within the first 24 
h of injury. In practice, the high rate of bleeding of the 
trauma patient should be recognized early by the 
trauma or emergency room physician, and massive 
transfusion should be planned as early as possible 
following injury. a multicenter study of major trauma 
centers found that only 1.7% of admitted trauma 
patients require massive transfusion (63). the logistic 
coordination to rapidly obtain and efficiently deliver 
a large number of PrBcs, FFPs, platelets, and cryo-
precipitate to the bedside of the exsanguinating 
patient moving from the ambulance to the emergency 
room, operating room, interventional radiology 
suite, and Icu is a daunting task. In major trauma 
centers, the development and implementation of sys-
tematic approaches to transfusion practices through 
the creation of massive transfusion protocols (MtPs) 
is crucial. In patients known or predicted to require 
massive transfusion, the prompt activation of a MtP 
not only leads to a more systematic, efficient, timely, 
and balanced delivery of blood and blood products, 
but can also result in overall less use of blood and 
improved patient outcomes and survival (64–67). 
the ideal MtP is created by joined efforts of the 
trauma, emergency room, and blood bank teams, and 
should clearly address the following critical steps: (1) 
who should activate the MtP, (2) when should the 
protocol be activated, (3) who is the MtP patient can-
didate, (4) the detailed logistical steps of activation, 
(5) the number of uncrossed PrBc, FFP, and platelets 
units to be immediately released, (6) the blood com-
ponent ratio goal, (7) the aBo matching process, (8) 
the detailed logistical steps of transferring the 
released units to the patient’s bedside, and (9) the 
end goals of resuscitation (e.g. surgical control of 

bleeding, stopping resuscitation efforts for futility). 
Fig. 2 represents the MtP currently used at the 
Massachusetts general hospital and delineates the 
level of details that should be sought when creating 
such a protocol.

goalS and MonItorIng

Initial waiting for abnormal coagulation tests before 
administration of blood products in the massively 
hemorrhaging trauma patient is inappropriate. 
Subsequent serial examinations with complete blood 
count (cBc), Pt, Ptt, fibrinogen, and platelet count 
can be used to tailor component therapy in order to 
achieve hemostasis. PrBcs should be given to target 
a hemoglobin >7 g/dl, FFPs to target an interna-
tional normalized ratio (Inr) <2, platelets to target a 
count >50,000, and cryoprecipitate to target a fibrin-
ogen level >100 mg/dl. the use of thromboelastog-
raphy-based protocols that assess the different 
aspects of clot formation and stability in a real time 
point-of-care output graph has been incorporated 
into some MtPs or suggested as an alternative to 
MtPs. although promising, this methodology is 
lacking the multi-institutional rigorous data sup-
porting its use (68–71).

heMoStatIc adJunctS

Anti-fibrinolytic agents

early administration of tranexamic acid (tXa), an 
anti-fibrinolytic agent, was shown in a large interna-
tional, multicenter, randomized, placebo-controlled 
trial to slightly decrease the risk of death from bleed-
ing (n = 20,211; relative risk (rr) = 0.85; 95% confi-
dence interval (cI) = 0.76–0.96; p = 0.0077) (72). We 
therefore recommend the use of tXa in massively 
bleeding trauma patients, and incorporating it in 
MtPs. other similar anti-fibrinolytic agents include 
aprotinin and aminocaproic acid.

Factor-concentrates

convincing data on the use of recombinant factor VIIa 
or prothrombin complex concentrates (Pccs)—both 
initially derived for hemophiliac patients—in the mas-
sively bleeding trauma patients are still lacking and 
there does not appear to be a clear benefit from their 
use (73).

concluSIon

the successful resuscitation of the massively bleeding 
and unstable trauma patient will depend on effective 
trauma team leadership, identification of early 
trauma-related coagulopathy, sound decision-making 
in the emergency and operating rooms (74), and 
prompt implementation of a dcr and a damage con-
trol operative approach. dcr includes permissive 
hypotension, body rewarming, minimization of fluid 
resuscitation, and early balanced administration of 
blood and blood products.
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Fig. 2. a real example of massive transfusion protocols.
cc: critical care; eM: emergency medicine; Pgy: postgraduation year; ed: emergency department; Mgh: Massachusetts general 
hospital; Mrn: medical record number; FFP: fresh frozen plasma; rct: randomized controlled trial; rBc: red blood cell; or: operating 
room; Icu: intensive care unit; dIc: disseminated intravascular coagulation; aSt: aspartate transaminase; alt: alanine transaminase.
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