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KEY POINTS

� The pathophysiology of trauma as a longitudinal illness continues to be elucidated. After
initial injury, secondary injury occurs through a complex cascade of acute inflammatory
reactants, cytokines, and immunomodulators that can lead to multi-organ system failure
and death.

� Optimizing fluid management and aggressively treating coagulopathy may prevent up to
20% of deaths from traumatic hemorrhage.

� A new generation of invasive monitoring, including brain tissue oxygenation monitoring
and echocardiography, are important new guides to clinical decision-making for critically
ill trauma patients.
INTRODUCTION

Trauma remains the leading cause of death among people aged 1 to 44 years and is
one of the top 10 causes for all other age groups in the United States. It is also a leading
cause of morbidity and mortality worldwide.1 Through advances in trauma care during
the “golden hour,” more patients survive and are transferred to the ICU and often
return to the operating room (OR) for additional procedures (Fig. 1). Operative
management of these patients after initial stabilization continues to be a challenge
for the anesthesiologist. This article provides an evidence-based update of anesthetic
considerations for the critically ill trauma patient after initial presentation, including
management of intracranial pressure (ICP), cardiac monitoring, management of the
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Fig. 1. A severe extremity injury with fracture (especially long bones) can lead to
pulmonary-cardiac dysfunction from fat-marrow emboli. Unexplained hypotension in the
OR should lead the anesthesiologist to look under all drapes for nonoperative sources of
blood loss. (A) Acute injury with severe bony, soft tissue and neurovascular compromise.
(B) Patient on return to the OR for one of multiple washouts and debridements.
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damage control abdomen, fluid and hemodynamic management, and control of
coagulopathies.

HEAD AND SPINE INJURY

Patients with severe traumatic brain injury (TBI) have three times the mortality
compared with patients with other types of traumatic injury.2 The secondary injuries
resulting from the initial insult, including edema, uncontrolled inflammatory cascades,
release of excitatory neurotransmitters, tissue hypoxia, and ischemia, are responsible
for much of the morbidity of TBI and thus are targets for anesthetic modulation.3

Pharmacologic management of TBI is a mainstay of the anesthesiologist’s role in
the OR. Management of elevated intracranial pressure (ICP) intraoperatively may
be accomplished with mannitol or hypertonic saline. There seems to be no differ-
ence in long-term morbidity and mortality between the two drugs at 6 months,
although hypertonic saline may potentiate small short-term improvements in cere-
bral blood flow and cerebral perfusion pressure.4,5 Meyer and colleagues3 recently
performed a meta-analysis of many common drugs used in intraoperative manage-
ment of TBI, including propofol, barbiturates, opioids, benzodiazepines, and corti-
costeroids. Corticosteroids were the only drug which increased mortality. The
others had acute benefit in reductions in ICP and sedation but no appreciable
long-term benefit.
Prevention of secondary brain injury is a primary goal after TBI. The generally

accepted goals to achieve optimal cerebral perfusion and oxygenation are systolic
blood pressure greater than 90 mm Hg and PaO2 greater than 60 (SpO2 >90%).
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ICP may be monitored through the use of a ventricular catheter and should be
maintained at less than 20 mm Hg. A variety of monitoring devices have been
developed to measure cerebral perfusion pressure and cerebral oxygenation,
including polarographic cerebral oxygen (Licox [Integra life sciences, Plainsboro
NJ]) monitors, jugular venous oxygen saturation, positron emission tomography,
near-infrared spectroscopy, and brain tissue oxygenation monitoring (PbtO2).

6

Although controversy exists in the neurosurgery literature on how best to use Licox
catheters, the assumption is that a PbtO2 less than 20 mm Hg signifies brain tissue
hypoxia, which then may be corrected by increasing the fraction of inspired
oxygen, blood transfusion, inotropic support, or sedation if increased ICP results
in decreased cerebral blood flow.6,7 Research is ongoing, but PbtO2 monitoring
and treatment to optimize PbtO2 has been shown to improve Glasgow outcome
scores and mortality.6–10

A retrospective review of 209 consecutive patients with isolated TBI demonstrated
the high incidence of subsequent organ failure—89% developed dysfunction of at
least one nonneurologic organ system.11 A recently described syndrome called Takot-
subo cardiomyopathy may lead to severe myocardial dysfunction in the brain-injured
patient. The reasons for development are likely multifactorial, including interplay
between the neuroendocrine system and the injured brain. A catecholamine surge
occurs after TBI that may manifest as subendocardial ischemia and lead to biventric-
ular heart failure, even in young, previously healthy patients. This cycle may be exac-
erbated during OR procedures if vasoactive agents are administered.
Beta blockade has been suggested to be protective in human studies in subjects

with brain injuries. Retrospective database reviews indicated improved neurologic
outcome and reduced morbidity and mortality in patients receiving peri-insult beta
blockade.12–14 Beta blockade in head injuries was initially thought to be deleterious
insofar as it may decrease mean arterial pressure (MAP). However, because catechol-
amine surge is greater in head injury, beta blockers may be protective in reducing
cerebral oxygen consumption, MAP, and ICP, all of which may mitigate progression
of secondary brain injury.15 However, intraoperative initiation of beta blockers has
not been investigated nor have there been any randomized controlled trials (RCTs)
or prospective trials with beta blockers in TBI. The data for beta blockers are prom-
ising, but studies are small and have design flaws.16

Similar to TBI, spinal cord injury has a primary and secondary injury pattern. The
effects of secondary ischemia, inflammation, excitotoxicity, and apoptosis peak
between 4 and 6 days after the initial injury.17 Augmentation of blood pressure to
a MAP of 85 to 90 mm Hg for the first 7 days after injury continues to be the guidelines
suggested by the American Association of Neurologic Surgeons.18 Depending on the
level of spinal cord injury, inotropes, chronotropes (cervical injuries), and peripheral
vasoconstrictors (thoracic and lumbar injuries) should be used in addition to fluids
to counter the interruption of sympathetic innervations of the heart and vasodilation
resulting from spinal cord injury.17 Euvolemia is the goal with fluid management.
High-dose steroids remain controversial in this population. Although the latest
Cochrane review suggests that high-dose methylprednisolone succinate (30 mg/kg
intravenously) given within 8 hours of injury followed by a continuous infusion for 48
hours may enhance neurologic recovery,19 much of the contemporary literature
suggests that steroids are of no benefit.20,21 The National Acute Spinal Cord Injury
Study (NASCIS) trials during the 1990s did not show a difference in neurologic
outcome at 1 year, but did show a greater incidence of pulmonary complications,
sepsis, and gastrointestinal bleeding in the steroid group.20 A recent survey of
surgeons found that 76% of surgeons were no longer prescribing methylprednisolone,
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although a minority of surgeons continued the practice, citing litigation concerns.22

Finally, the anesthesiologist should be comfortable with the increased use of multi-
modal intraoperative monitoring, including electromyography sensory-evoked poten-
tials and motor-evoked potentials, and familiar with how to design an anesthetic to
optimize these monitoring modalities. However, evidence is currently weak that these
monitors prevent the worsening of a previous insult.23
CARDIOVASCULAR MONITORING AND TRANSESOPHAGEAL ECHOCARDIOGRAPHY

Anesthesiologist assessment of critically ill patients’ intravascular volume status is
crucial to providing conditions for adequate tissue perfusion. Controversy continues
regarding which monitors beyond American Society of Anesthesiologists (ASA) stan-
dards should be used to guide therapy. Central venous pressure (CVP) and its trends
are no longer considered to be the gold standard to guide volume responsiveness and
fluid management.24 Although the use of pulmonary artery catheters has declined over
the past decade, the use of central venous oxygen saturation measurements as surro-
gates for oxygen extraction by the tissues continues.25,26 Minimally invasive methods
that measure cardiac output, including pulse contour techniques, esophageal
Doppler, partial carbon dioxide rebreathing, and transthoracic bioimpedance, lack
sufficient precision and accuracy compared with the established reference standard
of the thermodilution method to replace the latter.27 A systematic review and meta-
analysis concluded that passive leg raising induced changes in cardiac output that
predicted fluid responsiveness better than arterial pulse pressure.26 Furthermore, infe-
rior vena cava diameter and collapsibility on transthoracic echocardiography has
shown to be a predictor of volume responsiveness.28 A recent systematic review
suggests that the institution of hemodynamic protocols affects outcome to a greater
degree than the choice of monitor.29 Practice is changing in that anesthesiologists
are less likely to believe transduced pressure values than a dynamic two- or three-
dimensional view of the heart and of the great vessels during the cardiac and respira-
tory cycle.
Hemodynamic instability, despite what is thought to be adequate fluid resuscitation

perioperatively, or a mechanism of injury suggestive of cardiac injury, should prompt
an investigation of possible cardiovascular causes. By the time trauma victims reach
the ICU or the OR, they frequently have undergone a (transthoracic) Focused Cardiac
Ultrasound (FOCUS) as part of the Focused Assessment with Sonography in Trauma
(FAST) in the emergency room, followed by a full-body CT scan.29 The American
Society of Echocardiography lists “severe deceleration injury or chest trauma when
valve injury, pericardial effusion, or cardiac injury are possible or suspected” as appro-
priate use criteria for transthoracic echocardiography (TTE) in trauma patients, but
“routine evaluation in the setting of mild chest trauma with no electrocardiographic
changes or biomarker elevation” as an inappropriate indication.30

Transesophageal echocardiography (TEE) solves many of the limitations of TTE,
including suboptimal imaging due to pneumothoraces, chest tubes, dressings,
surgical drapes, chronic obstructive pulmonary disease, or obesity. TEE in 389 trauma
subjects at the University of Maryland lead to a reported change in management in
over 30% of patients.31 Of note, 50% of trauma patients with pulmonary artery cath-
eters received TEE nonetheless for unknown volume status.31 There are several
findings on TEE that will alter therapy and thus prognosis of patients in critical condi-
tion. Acute systolic anterior motion of the anterior mitral leaflet that exacerbates
dynamic left ventricular outflow obstruction can easily be alleviated by intravascular
volume administration and ventricular filling (Fig. 2). Mildly impaired ventricular



Fig. 2. Midesophageal left ventricular outflow view. The arrow points at the left anterior
mitral valve leaflet obstructing left ventricular outflow during systole (systolic anterior
motion). Ao, aorta; LA, left atrium; LV, left ventricle; LVOT, left ventricular outflow tract.
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function resulting from blunt myocardial injury or Takotsubo cardiomyopathy is
managed differently than acute right heart failure in the septic patient. The latter is
usually addressed with titration of inotropes and afterload reduction. Diagnoses of
ventricular rupture or tamponade can be made within minutes and requires immediate
surgical intervention.
Frequently, the consultant in anesthesia encounters competing priorities. For

example, emergent surgery is classically indicated in right ventricular rupture after
blunt chest wall trauma from a motor vehicle accident. Surgery may have to be
delayed due to concomitant injuries (ie, traumatic brain or solid organ injuries) because
of a concern of anticoagulation that precludes cardiopulmonary bypass (although
centers with heparinized circuits may avoid the need for systemic heparinization). In
these situations, TEE can provide reassuring monitoring of the status of the cardiac
injury (Figs. 3 and 4). If function of the ruptured ventricle deteriorates, timing of surgery
can be revisited (Benjamin Kohl, MD, personal communication, 2012).
Fig. 3. Transgastric midpapillary short-axis view. The asterisk denotes right ventricular
rupture site. eff, posterior effusion with thrombus; LV, left ventricle; RV, right ventricle.



Fig. 4. Midesophageal right ventricular inflow-outflow with color flow Doppler. The
asterisk denotes right ventricular rupture site. AV, aortic valve; PA, pulmonary artery; RA,
right atrium; RV, right ventricle.
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THE DAMAGE CONTROL ABDOMEN AND ABDOMINAL COMPARTMENT SYNDROME

The damage control abdomen is a strategy used in trauma to address life-threatening
hemorrhage and fecal contamination during an initial exploratory laparotomy. The
abdominal fascia is left open and a return to the OR is planned after the patient is stabi-
lized for repair of injuries that are not life-threatening. Damage control resuscitation
(DCR) decreases the amount of time the unstable patient spends in the OR and allows
for correction of coagulopathy, hypothermia, and acidosis—the triad of death-in the
ICU. As surgeons have gained experience in taking care of patients using DCR, the
early complications of enterocutaneous fistulas, evaporative losses, loss of domain,
and incisional hernias have improved.32 Temporary abdominal closure devices (ie,
wound vacuum-assisted closures) are in large part responsible for this improvement
in protecting the viscera from infection and removal of proinflammatory fluids (Figs.
5 and 6).32,33

DCR has been shown to reduce the number of cases of intra-abdominal hyperten-
sion (IAH) and abdominal compartment syndrome (ACS).34 IAH is defined using
a graded scale of intra-abdominal pressures between 12 to 15 mm Hg for Grade I
IAH, to greater than 25 mm Hg for grade IV IAH. Abdominal pressures should be
measured with serial bladder pressures at end-expiration in the supine position with
the transducer at the level of the midaxillary line. ACS is defined as elevated intra-
abdominal pressures greater than 20 mm Hg with signs of end-organ dysfunction.35

Trauma patients are among the highest risk for developing either primary ACS (with
an abdominal pathological condition as the inciting factor) or secondary ACS
(shock).36 Recent studies estimate that up to three-fourths of trauma patients may
develop IAH, leading to renal dysfunction, gut ischemia, and bacterial translocation.
Anesthesiologists can increase the risk of developing ACS with large-volume crystal-
loid resuscitations.36 Intraoperative signs of developing ACS include hypothermia,
acidosis (base deficit greater than 14 mmol/L), hemoglobin less than 8 gm/dL and oli-
guria.36,37 All of these signs are relatively nonspecific, so a high index of suspicion
must be maintained.
Decompressive laparotomy is not a cure for ACS. ACS can recur with an open

abdomen, particularly with injudicious fluid administration. If a patient is taken to the



Fig. 5. (A, B) Temporary abdominal closure after DCR with towels and sterile dressing.
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OR with ACS for abdominal decompression, the anesthesiologist should be aware of
“reperfusion syndrome,” a period of hypotension as ischemic tissues release a milieu
of acid and cytokines.34

DCR and ACS can present considerable challenges for mechanical ventilation in the
form of increased work of breathing, alteration of chest wall mechanics, and interfer-
ence with gas exchange.38 Animal models have shown double the incidence of pulmo-
nary edema, high-grade atelectasis, and increased lung neutrophil activation with
abdominal pressures greater than 16 mm Hg.38 Controlled mechanical ventilation is
likely preferable to Pressure support ventilation (PSV) with ACS.38 The old under-
standing of ventilation strategies for patients with IAH and ACS was to add Positive
end-expiratory pressure (PEEP) to ventilation to overcome the transpulmonary pres-
sure at end-expiration. PEEP was thought to combat the increase in abdominal pres-
sure that the expanding diaphragm was working against, thus improving oxygenation.
However, in porcine studies PEEP worsened IAH by increasing abdominal venous and
capillary pressures and compromising thoracic duct drainage.39 Animal studies are
currently inconclusive as to whether prone positioning may be protective.39 Aggres-
sive diuresis following DCR can improve oxygenation and ventilation, and it allows
for early closure of the abdominal fascia (Fig. 7).



Fig. 6. Abdominal closure with wound vacuum-assisted closure (V A C, KCI, San Antonio, TX)
system. (A) Postinjury day 2 at completion of resuscitation. (B) Same patient on postinjury
day 4 after diuresis on return to or for abdominal closure.
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HEMODYNAMIC AND FLUID MANAGEMENT

Hemorrhage is responsible for up to 40% of trauma deaths and coagulopathies are
attributed to an additional percentage of deaths in the first few days postinjury.40,41

Optimization of fluid management and prevention and treatment of coagulopathy
are posited as possibly preventing up to 10% to 20% of trauma deaths by
exsanguination.41,42

Over the past 10 to 15 years, the accepted view on trauma resuscitation has been to
limit crystalloid in lieu of a near even balance of packed cells, Fresh frozen plasma
(FFP), and platelets.42–44 Large-volume crystalloid resuscitation contributes to hemo-
dilution, coagulopathy, and IAH. The Saline versus Albumin Fluid Evaluation (SAFE)
trial demonstrated no difference in outcomes with colloid versus crystalloid adminis-
tration.45 Hetastarch, dextran, and gelatin are well documented as causing fibrinogen
dysfunction and deficiency.41,46 Despite several studies, there is no defined optimal
hemoglobin goal for trauma patients. The ASA recommends transfusion to maintain
hemoglobin level greater than 6 g/dL. Higher thresholds to transfuse may be appro-
priate if ongoing blood loss is anticipated, there are signs of end-organ ischemia,
hypovolemia, or patient risk factors for developing ischemia such as coronary disease,
low cardiopulmonary reserve or high oxygen consumption, eg, sepsis.47 A recent large
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RCT as part of the FOCUS trial showed no difference between a liberal transfusion
(hemoglobin >10) and restrictive transfusion strategy (symptoms of anemia or at
physician discretion for a hemoglobin level of less than 8 g/dL) in terms of morbidity
and mortality, particularly in patients with cardiovascular risk factors.48

Although translated from the sepsis literature, a generally accepted MAP goal for
chronically ill trauma patients is greater than 65 mg Hg and Central venous pressure
(CVP) of 8 mm Hg (12 mm Hg if mechanically ventilated), notwithstanding preexisting
comorbidities.49 Guides to adequate resuscitation should extend beyond vital sign
stability to markers of adequate tissue perfusion, such as serum lactate, pH, and
mixed venous oxygen saturation.43 There is debate as to whether permissive hypoten-
sion confers a survival advantage by minimizing dilutional coagulopathy and reducing
blood loss by maintaining lower MAPs. A 2003 Cochrane review of RCTs examining
immediate versus delayed fluid resuscitation found insufficient evidence to support
either strategy50 although more recent animal data are supportive of lower MAP goals
for trauma.41 There are a few prospective controlled trials in humans that suggested
faster control of hemorrhage and reduced morbidity with lower blood pressure
goals.43 Morrison and colleagues51 recently published a RCT of 90 trauma subjects
randomized to MAP of 50 versus MAP of 65. The lower MAP cohort had a reduction
in transfusion requirements, postoperative coagulopathy, and a mortality benefit.
Even after seemingly adequate initial resuscitation at the time of injury, trauma

patients often remain hypotensive and hemodynamic management remains difficult.
Initially described as systemic inflammatory immune response (SIRS), critically ill
patients with prolonged ICU stays develop what is increasingly known as persistent
inflammation, immunosuppression, and catabolism syndrome (PICS). Simplistically,
PICS is characterized by persistent imbalance of proinflammatory and antiinflamma-
tory cytokines, macrophage and T-cell dysfunction, endothelial cell damage all of
which lead to multiorgan system dysfunction (MODS).52 There is some suggestion
that the degree of vasodilatation and the severity of the initial SIRS response correlate
with the extent of later PICS and MODS.53

Although continued volume resuscitation remains important, appropriate treatment
of a trauma patient who has developed PICS syndrome would include pressors to
combat the vasodilatation associated with this inflammatory response. The patient
should be adequately resuscitated before initiating vasoactive agents because
premature use of pressors of any kind has been associated with up to an 80%
increase in mortality, unless cardiovascular collapse is imminent.54,55 At this time,
there is no definitive evidence for the superiority of one vasopressor over another in
chronically ill trauma patients. The Surviving Sepsis guidelines suggest norepinephrine
or dopamine as first-line vasopressors. Epinephrine or vasopressin is suggested as
second-line agents or adjuvants.49

Norepinephrine, a potent alpha and beta-1 agonist that has less effect on beta-2
receptors, has been proposed as the agent of choice. Studies suggest that norepi-
nephrine constricts the somatic circulation and redistributes blood volume to the
viscera.56 Norepinephrine improves MAP, cardiac output and stroke volume index,
global end-diastolic volume index, and ventriculoarterial coupling.57,58 Rat models
have also suggested a reduction in lactate levels connoting improvement in tissue
oxygenation in septic shock, contrary to a widely held belief that systemic vasocon-
striction has the opposite effect.59

Epinephrine is a more potent beta-2 agonist than norepinephrine and also improves
MAP, cardiac output and stroke volume, and ventriculoarterial coupling.57 Because
beta-2 receptors lead to vasodilatation in the somatic circulation, this agent is less
effective than norepinephrine in translocating blood away from muscle and skin and



Fig. 7. Hospital of the University of Pennsylvania guidelines for emergency dabigatran
reversal in bleeding patients.
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toward the viscera, and there is concern that epinephrine-induced tachycardia and
a demonstrated increase in myocardial oxygen consumption may be deleterious.49,57

Recent studies indicate that dopamine, long a mainstay in trauma management,
may be deleterious.60,61 The highly nonspecific nature of this agent (it can stimulate
a host of dopamine receptors as well as alpha, beta-1, and beta-2 receptors) makes
it difficult to use. In a recent multicenter RCT of dopamine versus norepinephrine in
patients with shock, there was no difference in mortality at 28 days. However, patients



Fig. 7. (continued)

Management of the Critically Injured in the OR 11
treated with dopamine had a higher incidence of adverse events, including arrhyth-
mias.61 In subset analysis, there was an increase in mortality in those patients with
cardiogenic shock treated with dopamine.61 Dopamine has not been shown to be
beneficial for renal or mesenteric protection in traditional renal-protective doses and
should not be used for this purpose.49,60

In sepsis or chronic critical illness, endogenous arginine vasopressin levels have
shown to be inappropriately low,62,63 causing profound vasodilatation and dysregula-
tion of renal fluid balance. In vasodilatory shock, low doses (0.01–0.04 U/min) of
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vasopressin increased the mean MAP through a V1-mediated baroreceptor effect,
stimulated renal resorption of water byway of an aquaporin-2 effect, yet also increased
urine output.62,64 Vasopressin also reduced norepinephrine requirements when used
as an adjuvant.62 Vasopressin comes with the caveats of possible decrease in cardiac
output, decreased heart rate, arrhythmias, and myocardial, mesenteric, and digital
ischemia, particularly when used in doses greater than 0.04 U/min.
As a pure alpha 1 agonist, phenylephrine will increase MAP through vasoconstric-

tion, yet will also increase afterload, reduce venous compliance, and reduce renal
blood flow.65 It cannot be recommended as a first-line agent.
Beta blockers are gaining increasing attention in trauma patients, particularly

because many elderly trauma patients are prescribed them preadmission. Beta
blockers are thought to mitigate hypermetabolism, tachycardia, and increased oxygen
demand.15 Friese and colleagues66 suggested that beta blockade maymodulate cate-
cholamine levels that then produce an immunomodulatory response, specifically IL-6.
In a retrospective cohort study by Arbabi and colleagues,15 those trauma subjects on
beta blockers during their ICU stay had a statistically significant reduction in mortality
compared with subjects who did not receive a beta blocker. Beta blockade was only
initiated after hemodynamic stability and volume resuscitation were achieved in both
studies. Data are far from conclusive, however. A retrospective cohort study by
Neideen and colleagues67 included geriatric patients on admission beta blockers
and suggested an increase in mortality. More prospective research must be done to
characterize if and when beta blockers are appropriate for trauma patients.
COAGULATION

The presence of a coagulopathy on presentation portends an increased morbidity and
mortality. In one study, patients with a coagulopathy on presentation had fourfold
increase in mortality.40 The nature of the coagulopathy manifested by trauma patients
is still being defined but is physiologically distinct from the disseminated intravascular
coagulation (DIC) of sepsis or other described coagulopathies, earning it the name
acute coagulopathy of trauma shock (ACoTS) or trauma-induced coagulopathy.
ACoTS is defined as a partial thromboplastin time (PTT) greater than 35 seconds
and/or International Normalized Ratio (INR) greater than 1.2 and is thought to be
related to the activation of thrombin and protein C, and inhibition of factors V and
VII, which eventually leads to decreased fibrinogen use and increased fibrinolysis.68

However, unlike DIC, there is a relative sparing of platelets and fibrinogen, and the
microvascular thrombosis associated with DIC is not present in ACoTS.68 These
mechanisms occur independently of the coagulopathy resulting from hemodilution,
academia, hypothermia, and loss of coagulation factors through hemorrhage.69

Although trauma patients often present with an incomplete history, efforts should be
made to obtain a history on use of anticoagulants or antiplatelet therapy before a return
to the OR. Particularly in older patients, there is an increasing use of the low-molecular-
weight heparins (LMWHs) or newer direct thrombin inhibitors such as dabigatran and
oral factor Xa inhibitors, rivaroxaban, and apixaban. Dabigatran has a half-life of 11
to 14 hours; rivaroxaban and apixaban have half-lives of 5.7 to 9.2 and 8 to 15 hours,
respectively, with few clinically relevant drug interactions.70 The anesthesiologist
should also be mindful that prothrombin time (PT) and PTT will not reflect the activity
of factor Xa or direct thrombin inhibitors, and that administration of plasma will not
correct bleeding caused by these agents. Factor Xa levels can bemeasured, but these
often take longer to return than is clinically relevant for a patient in anOR.Dabigatranwill
prolong the PTT but will not do so in a dose-dependent fashion.70
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Administration of vitamin K and FFP for warfarin and protamine for heparin have
been the mainstays for anticoagulant reversal. There are currently few options for
the reversal LMWH and direct thrombin and oral factor Xa inhibitors. Evidence-
based guidelines for the reversal of the newer anticoagulants are not yet available,
yet research with a variety of alternative therapies is ongoing. Although protamine
will not completely reverse LMWH, the American College of Chest Physicians recom-
mends 1 mg protamine for every 1 mg enoxaparin in the first 8 hours after adminis-
tration and 0.5 mg of protamine after that time.71,72 Recombinant activated factor VII
(rFVIIa) has been shown to normalize PTT, PT, and INR when administered to
patients with warfarin and fondaparinux-induced coagulopathies. However, it has
not been shown to reduce surgical bleeding in these situations.70,73 rFVIIa may
show some promise in reversal of factor Xa inhibitors, but this has only been shown
in animal models.74 Prothrombin complex concentrates (PCCs) have been available
since the 1970s, and their use has been validated in prospective RCTs as having
a statistically significant advantage over FFP in reducing INR, correcting clinically
significant bleeding, and reducing the incidence of volume overload.75 However,
dosing is more complex and there is a higher risk of thrombotic complications.75

In an RCT of healthy volunteers receiving rivaroxaban or dabigatran, PCCs were
successful in significantly reducing bleeding for patients receiving rivaroxaban but
not dabigatran.76

The anesthesiologist should be mindful that the antiplatelet agents aspirin, clopi-
dogrel, and ticlopidine bind irreversibly to the COX-1 enzyme and P2Y ADP receptors,
respectively. Thus, these drugs can cause platelet dysfunction despite normal platelet
counts for days after cessation of therapy. One dose of platelets is thought to reverse
the effects of salicylates.77 Desmopressin has not been well studied, but is likely effec-
tive, as well.77 Clopidogrel and ticlopidine have active metabolites with long half-lives,
so their antiplatelet function may extend much further than the salicylates. Therefore,
platelet transfusion may be beneficial up to 5 days after cessation of therapy, although
there are no good studies to support this recommendation.77
SUMMARY

Care of trauma patients in the OR and the ICU continues to improve though better
understanding of optimal timing of OR interventions, improved monitoring for patients
with head injury and hemodynamic compromise, optimization of volume status, and
use of appropriate vasoactive agents. Continued investigation of the pathophysiology
of trauma patients as they progress to the chronic phase of illness will continue to
advance interventions in the field in the ICU and in the OR.
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