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Abstract Trauma hemorrhage continues to carry a high
mortality worldwide. The contemporary damage control
resuscitation (DCR) paradigm supports actively bleeding
trauma patients until hemorrhage control is achieved. The
principles of DCR center on early hemorrhage control and
limiting ongoing blood loss by adopting strategies limiting
fluid administration, reducing blood pressure targets, and
maintaining hemostasis through balanced transfusion
strategies. Application of DCR strategies has dramatically
reduced mortality from trauma hemorrhage and also seems
to reduce the incidence and severity of complications such
as organ failure and infection. While much of the discussion around DCR focuses on control of coagulopathy and
the delivery of a balanced transfusion, the other principles
are at least as important. Avoiding clear fluids solutions,
especially at the most critical timepoints, require experience and a coordinated, practiced, multidisciplinary
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approach. The anesthesiologist therefore has a central role
to play in the successful delivery of DCR, and perioperative management of fluid administration and the patient’s
cardiovascular status can make all the difference between a
good and bad outcome. In this article, we discuss the
principles of DCR with a focus on areas of trauma anesthesiology management.
Keywords Trauma  Hemorrhage  Damage control
resuscitation  Trauma anesthesiology  Anesthesia 
Hemostatic resuscitation  Blood  Plasma  Crystalloids 
Permissive hypotension

Introduction
Hemorrhage remains a leading cause of death in the
severely injured. Management of the massively bleeding
trauma patient has significantly changed over the last two
decades with the emergence of the ‘Damage Control’
paradigm. The original principle of damage control surgery
(DCS) was the ‘planned temporary sacrifice of normal
anatomy to preserve vital physiology’ [1]. This use of
abbreviated surgical procedures, focusing on rapid
hemostasis rather than anatomic repair, led to improvements in survival for the most severely injured [1]. Damage
control resuscitation (DCR) is a more recent development
of the DCS concept. DCR describes the extension of the
damage control principles beyond surgery, including
resuscitation strategies spanning the pre-hospital care
through to the operating room and intensive care unit. The
principle aim of DCR is to define a systematic approach to
major trauma in order to minimize blood loss and ultimately optimize outcome [2]. DCR strategies are applicable to patients who are actively bleeding and focus on
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maintaining hemostatic competence and central perfusion
while hemorrhage control is achieved.
Often, DCR is simplified as DCS in combination with a
formula-guided blood transfusion strategy. However,
recent efforts in resuscitation focus on minimizing the
coagulopathic response to trauma and preservation of
endothelial integrity, as well as maintenance of circulating
volume [3, 4••]. Anesthesia for the severely injured,
bleeding patient plays a central role in achieving good
outcomes and requires specific considerations and carefully
assessment of hemostatic and physiologic reserves. Goals
and limits often differ from those used in elective settings
and a close collaborative approach between the surgical,
anesthesia and ICU team is required. The aim of this
publication is to describe the principles of the anesthetic
considerations of the DCR concept. We focus on the
principles required to support rapid hemostasis while limiting inflammatory dysfunction and thus improving survival and reducing subsequent complications such as organ
failure and infection.
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the presence of coagulopathy implies significant trauma
and depth of shock but does not in itself specify that
bleeding is still ongoing.
Factors that may further trigger a damage control
approach are hypothermia, metabolic acidosis, an inaccessible major vascular injury or the need for time-consuming procedures in a patient with suboptimal response to
resuscitation [6••, 7, 8]. In most civilian trauma centers,
less than 10 % of the trauma population qualifies for this
approach. Patients must be selected carefully as inappropriate application of DCR can lead to significant morbidity,
wasting of blood products, and hospital resource use.

The Principles of Damage Control Resuscitation
Together with DCS, the following strategies can be summarized as the three conceptual pillars of DCR:
–
–
–

Limited fluid administration
Permissive hypotension
Hemostatic resuscitation

Indication for DCR
Limited Fluid Administration
The DCR approach applies to patients who are actively
bleeding. The aim is to protect hemostatic competence and
maintain core perfusion such that physiologic reserves are
maintained as far as possible. Patient selection is critical
and no single parameter for identification has been determined. The critical decision is whether a patient is actively
bleeding or not. Patients who are in hemorrhagic shock but
are not actively bleeding (that is they have bled but this has
now stopped) require standard resuscitation to restore
systemic perfusion. In contrast, it is impossible to normalize systemic perfusion in actively bleeding patients and
thus the paradigm changes to a DCR approach.
Patients with signs of severe hemorrhagic shock and
active bleeding should be included into the damage control
pathway. Active bleeding is best recognized as a poor
dynamic response to initial attempts at volume resuscitation. Rapid identification of patients in compensated
hemorrhagic shock warrants an experienced clinician,
integrating the mechanism of trauma and potential injuries
and the hemodynamic response to a fluid challenge. More
sensitive measures for volume status as invasive monitoring are difficult to establish during the phase of ongoing
bleeding and are not recommended as inferring unnecessary delay to surgical hemostasis. Blood gas values such as
lactate and base deficit provide an indication of the depth
of shock [5•] but do not in themselves describe whether
bleeding is ongoing or not. They may be of use in patients
who initially appear well but who are at the limit of
hemodynamic compensation for the blood loss. Similarly

Aggressive fluid resuscitation to restore normal blood
pressure and systemic perfusion has been the mainstay of
the approach for hemorrhagic shock for a long time. It is
now recognized that aggressive crystalloid resuscitation in
the actively bleeding patient leads to increased bleeding
and dilutional coagulopathy. Crystalloid resuscitation during hemorrhage may temporarily increase blood pressure
but counteracts local vasoconstriction and the innate primary hemostasis, causing more hemorrhage and re-bleeding from spontaneously clotted vessels [9, 10]. The term
‘‘bloody vicious cycle’’ had been coined, describing the
sequence of hypotension, fluid bolus, re-bleeding, and
deeper hypotension. This cyclical crystalloid resuscitation
rapidly leads to a severe dilutional coagulopathy. Large
volumes of crystalloids may also have adverse immunological and inflammatory effects (Fig. 1). Large shifts in
extracellular volume and osmolarity can lead to cellular
swelling, impairing enzyme function vital to intracellular
signaling mechanisms and ultimately to organ function
[11].
Crystalloid-based resuscitation leads to increased concentration of circulating pro-inflammatory cytokines,
potentiating the inflammatory mediators [12]. Inducing
shedding of the endothelial glycocalyx high volumes of
crystalloids may increase reperfusion injury, all of which
may subsequently contribute to infectious complications
and organ failure. Further, high volumes of crystalloids in
hemorrhagic shock have also been associated with cardiac
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Fig. 1 The consequences of aggressive crystalloid resuscitation

dysfunction, decreased cardiac output, and higher mortality
as compared to blood-based resuscitation. Stroke volume
may be reduced by 20 % despite adequate filling pressures,
if volume restoration was achieved by crystalloid loading
[13, 14].
Synthetic colloids such as gelatines, dextran solutions,
and hydroxyethyl starches have no benefit over crystalloids
and have their own specific complications. In the situation
of shock with inflammatory widening of the endothelial
cell gap, macromolecular solutions will further leak into
the interstitial space, contributing to additional intravascular dehydration through osmosis. Synthetic colloidal
solutions induce or enhance established coagulopathy by
impairing fibrin polymerization and blockade of the fibrinogen receptor GIIb-IIIa, impairing platelet function [15].
A set of large RCT’s in critically ill patients has further
shown a correlation of starches with adverse outcome [16–
19]. It is therefore recommended that during ongoing surgical bleeding, clear fluids should be limited to minimal
amounts until definitive control of hemorrhage has been
achieved.
Permissive Hypotension
Reducing blood pressure targets is a key method of
reducing fluid administration during active hemorrhage.
Permissive hypotension (PH) is a strategy to reduce blood
loss by limiting blood pressure temporarily to a vital
minimum. In massively bleeding patients, raising blood
pressure to normal levels before achieving surgical
hemostasis has been shown to increase bleeding by
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displacing clots formed during the body’s attempt of primary hemostasis [9].
The specific blood pressure targets remain unclear and
probably vary from patient to patient and at different
phases of an individual patient’s care. There’s a known
lack of correlation between the hemodynamics of the
macrocirculation and end-organ perfusion, indicating that
systolic blood pressure (SBP) is of limited value for the
assessment of organ perfusion. The often used cut-off of a
SBP of 90 mmHg as marker of shock has been based on
expert opinion. In animal models re-bleeding occurred
when SBP was raised to above 80–90 mmHg and a significant correlation between the blood pressure at the initiation of resuscitation and the re-bleeding pressure was
demonstrated [9, 20]. Similarly there is no hard data supporting that a mean arterial pressure (MAP) of 60 mmHg is
required to preserve heart and brain perfusion. Animal
studies have also shown that PH aiming at values of 60 %
of baseline MAP does not reduce regional organ perfusion
as compared to normotensive resuscitation but resulted
ultimately in less bleeding [21•]. In the actively hemorrhaging patient, such targets will most likely lead to overresuscitation, increasing bleeding and ultimately worsening
tissue perfusion.
Without high-grade evidence, the European Guidelines
for trauma resuscitation recommend aiming at a SBP of
80 mm Hg during ongoing hemorrhage [6••]. However, it
should be emphasized that such low pressures should be
maintained for the shortest possible time in order to limit
further exacerbation of hypoperfusion and the inflammatory response. The importance of early surgical hemostasis
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and the need for the DCR concept being applied as a whole
has to be underlined.
In the exsanguinating patient, even lower than normal
blood pressures are often difficult to achieve. The use of
vasopressors for hemodynamic support during resuscitation
after injury, however, is controversial. Arterial hypotension is
the body’s attempt to improve microcirculation by opening
maximally the capillary bed. Vasopressors will significantly
further decrease perfusion of microcirculation via their alphareceptor-mediated action [22]. A prospective multicenter
study on blunt trauma patients indicated an increased mortality with early vasopressors, regardless of the drug used
[23]. Interestingly, research in septic shock failed to improve
sublingual microcirculation with increasing doses of Noradrenaline [24]. Hemorrhagic shock should therefore be treated
primarily by surgical hemostasis and volume replacement.
Hemostatic Resuscitation
Preserving hemostatic competence is the central tenet of
the DCR approach. Coagulopathy is common in trauma
patients and has two principle origins—an endogenous
coagulopathy due to the injury pathophysiology, and a
dilutional coagulopathy due to volume resuscitation (with
fluid or red blood cells).
The recognition of the early endogenous coagulation
disorder of severely injured patients in hemorrhagic shock
has significantly contributed to the change in resuscitation
paradigms over the last decade. The presence of this acute
traumatic coagulopathy (ATC) has been identified as a
surrogate marker of the extent and severity of tissue trauma
and hypoperfusion. It correlates with transfusion requirements, incidence of organ failure, and increased mortality
[25]. Up to 30 % of injured patients present with impaired
coagulation at their arrival to the care facility, even before
the onset of hypothermia, acidosis or a dilution of coagulation factors occurs [26, 27]. Trauma itself induces an
endogenous coagulopathic state as part of a maladaptive
response to tissue destruction and shock. ATC can be seen
as an imbalance of the dynamic equilibrium between proand anticoagulant factors, platelets, endothelium, and fibrinolysis. Exposed tissue factor, released from the injured
subendothelium, fibrin, and activated platelets serve as
catalyzer for a massive stimulation of thrombin generation,
fibrinogen depletion, and the activation of fibrinolytic
processes [26–28]. Thrombin is a key element for conversion of fibrin to fibrinogen and platelet activation.
Additionally, it is a potent stimulator of endothelial t-PA,
activating fibrinolysis; another key feature of ATC [29].
Hypoperfusion and cellular hypoxia play a crucial role in
the pathogenesis of ATC, leading to systemic anticoagulation via activated protein C [29] . Activated protein C
plays a key role in the cleavage of factor Va and VIIIa. It
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activates fibrinolysis by binding PAI-1 and reduces the
inhibition of t-PA [30–33]. During resuscitation efforts,
ATC is secondarily exacerbated by iatrogenic dilution of
coagulation factors and worsening hypothermia and acidosis, combining to the multifactorial trauma induced
coagulopathy (TIC) [34].
Early identification of patients with ATC may be of
value for the timely initiation of hemostatic resuscitation.
Early blood product-based resuscitation, tackling coagulation disorders, has shown to reduce the overall need of
blood products, the incidence of posttraumatic multi-organ
failure and in return shorten the length of hospital stay and
improve patients’ survival [35–38]. To date, none of the
vast array of published clinical scoring systems has proven
reliable in identifying patients at risk of ATC. Standard
plasma-based coagulation tests are not useful in the setting
of acute trauma-related hemorrhage because of the absence
of assessment of the cellular components of coagulation,
the interaction with the cellular phospholipid surfaces as
well as the lack of identification of fibrinolysis. Further,
long turn-around times invalidate these tests as point-ofcare assays in the rapidly changing setting of massive
bleeding. Point-of-care viscoelastic tests as thromboelastometry (ROTEM or TEG) have been useful in early
detection of ATC with moderately or severely injured
patients exhibiting typical features [39, 40]. In the absence
of timely laboratory assessment, in patients with evidence
of impaired end-organ perfusion, expressed as base deficit
and in combination with extensive tissue trauma, initiation
of hemostatic resuscitation may be indicated even before
biologic or viscoelastic confirmation of ATC.
Balanced resuscitation with high-dose plasma administration appears to reduce the severity of dilutional coagulopathy and may also have anti-inflammatory properties
and the potential to restore the shed glycocalyx [41, 42••].
Most centers therefore currently follow a resuscitation
strategy centered on the balanced administration of blood
products. There is an ongoing debate about the optimal
transfusion ratios of fresh frozen plasma (FFP) and platelets that should be administered alongside packed red blood
cells (PRBCS). In the recent multicenter RCT PROPPR, a
ratio of 1:1:1 FFP:PLT:PRBC has shown a relative risk
reduction for mortality of 25 % as compared to 1:1:2 [43].
This difference, however, did not reach statistical significance and the optimal ratio of products remains unclear.
Many recommend switching to a goal directed approach as
soon as possible, ideally guided by viscoelastic tests [6••].
Although validated treatment algorithms are lacking, this
strategy is supported by a decreased risk of infection and
mortality when applying a restrictive, targeted transfusion
strategy [44]. A plasma-free resuscitation approach has
been described, based on crystalloids in combination with
factor concentrates [45]. While the latter might provide
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advantages in terms of readiness of products and safety
issues, data suggest that plasma-based resuscitation is
better at preserving endothelial integrity when compared to
the crystalloid-based approach.
Fibrinogen, the final key component in the coagulation
cascade acts as ligand for platelet aggregation, ensuring
effective clotting and platelet function [46, 47]. During
resuscitation of hemorrhagic shock, fibrinogen is the first
coagulation factor to critically deplete and low fibrinogen
levels are associated with poor outcome [48–50]. Plasmabased volume resuscitation provides approximately
500 mg of fibrinogen per unit FFP and has proven to be
insufficient in adequately rising plasmatic fibrinogen
levels [49]. Viscoelastometry-guided substitution of fibrinogen during hemostatic resuscitation has shown to
increase survival and reduce the need for blood products
[36].
Fibrinolysis is a key feature of ATC and is induced by
inhibition of plasmin via the thrombin-activated fibrinolysis inhibitor (TAFI) and PAI-1. Hyperfibrinolysis occurs
within the first hour after trauma and is associated with a
mortality rates as high as 90 % [51, 52, 53••]. The CRASH
2 trial, a large multicenter RCT including over 20,000
patients, showed a significant mortality reduction from
bleeding after the administration of tranexamic acid (TXA)
in trauma patients at risk of major hemorrhage [54]. Benefits have been maximal if administrated within 1 h after
the injury without any increase in thromboembolic events.
Early administration of TXA to severely bleeding trauma
patients constitutes a key element in many pre-hospital
treatment algorithms today.
Hypothermia impairs coagulation mainly by inhibition
of platelet adhesion and aggregation, inhibition of thrombin
generation, and fibrinogen synthesis [55]. At lower levels,
altered enzyme activity will act aggravatingly. Additionally, hypothermia impairs the oxidative killing function of
neutrophils via activation of the autonomic nervous system.
During DCR aggressive measures should be taken to prevent further heat loss, aiming at a core body temperature
above 35 C. Acidosis is a surrogate marker of the systemic hypoperfusion of the microcirculation. A low pH
decreases cardiac contractility, attenuates adrenergic
receptor responsiveness, and impairs kidney perfusion.
Further, acidosis impairs coagulation by reducing thrombin
generation and accelerating fibrinogen degradation, leading
ultimately to a reduced availability of fibrinogen. Additionally, acidosis weakens the interplay of coagulation
factors with activated platelets. Administration of bicarbonate has not proven to be efficacious to reverse the
acidosis-induced coagulation impairments. Restoration of
the microcirculatory perfusion appears to be the only
valuable strategy [55]. Early and consistent application of
DCR principles to patients should reduced the depth and
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duration of hypothermia and acidosis experienced by
bleeding trauma patients.
Tissue oxygen delivery is directly dependant on the
hemoglobin concentration. Compensatory mechanisms,
including changes in flow in macro- and microcirculation,
can compensate for acute anemia. Erythrocytes also contribute to hemostasis via a rheological effect on platelet
margination and by supporting thrombin generation [46].
However, the ideal threshold for hemoglobin during and
after traumatic hemorrhage to sustain optimal tissue oxygenation and hemostasis is unknown. Rapid administration
of high amounts of blood products raises logistic challenges. The implementation of a major hemorrhage protocol (MHP) is recommended, which allows for a rapid and
consistent availability of blood products [6••]. The institution of a MHP has shown to be associated with a
reduction of organ failure and improved 30-day-survival
after severe trauma.

Post-operative Critical Care
Principles of damage control aim at rapid hemostatic procedures of as short as possible duration, allowing for
bringing patients early to the less aggressing and more
controlled environment of ICU. Therefore, patients in the
damage control pathway are expected to arrive in the ICU
in a critical and under-resuscitated state. The goal of the
initial treatment in ICU is to reverse the sequela inherent to
damage control principles. Rapid restoration of optimal
organ oxygen delivery by normalization of microcirculation, correction of coagulopathy, and rewarming are key
for optimal outcome. Speed of lactate clearance is a validated marker of outcome in this stage [56].
Early and optimal flow of information about the situation and specific needs between the surgical, anesthetic and
ICU teams is key for the optimal follow-up management.
Therefore, trauma resuscitation requires prolonged collaboration in a multidisciplinary resuscitation strategy, starting
in the pre-hospital setting and continuing through emergency departments and operating theaters to the ICU.

Conclusion
For the actively bleeding injured patient, the primary goal
is the early control of hemorrhage. The conduct of anesthesia and resuscitation is central to the maintenance of
hemostatic competence and therefore the ability to
achieve hemorrhage control. DCR provides a framework
to support central circulation and coagulation during this
critical phase. The delivery of the principles of limited
fluid administration, PH, and hemostatic resuscitation are
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challenging and require an experienced and practiced
team working to agreed procedures and guidelines. The
principles and practice of DCR continue to evolve as we
improve our understanding of the pathophysiology of the
bleeding trauma patient.
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