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Recent developments in the assessment of the
multiply injured trauma patient
Eric M. Campion and Robert C. Mackersie

Purpose of review
To provide an update on the recent developments and controversies in the assessment of the traumatically
injured patient.
Recent findings
Recent literature suggests that: whole-body computed tomography (CT) is an effective strategy in more
severely injured blunt trauma patients; 64-slice CT scanning now provides an effective noninvasive
screening method for blunt cerebrovascular injury; the need for MRI imaging, in addition to CT, for the
diagnosis of occult ligamentous injury of the cervical spine remains an unresolved controversy; point-of-care
testing has made significant improvements in our ability to predict which patients will need a massive
transfusion; and thromboelastography has enhanced our ability to tailor a hemostatic resuscitation more
accurately.
Summary
The recent advances in the assessment of the multiply injured patient allow clinicians to more efficiently
diagnose a patient’s injuries and implement treatment in a more timely manner.
Keywords
blunt cerebrovascular injury, cervical spine injury, massive transfusion triggers, trauma assessment,
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INTRODUCTION
Traumatic injury is the leading cause of death and
disability for young adults and accounts for one in
every eight male deaths and one in every 14 female
deaths worldwide [1]. Road injuries alone are the
eighth leading cause of years of life lost globally [2].
Rapid identification and management of a
patient’s injuries is felt to be a key factor in improving the morbidity and mortality of injured patients.
The initial evaluation of the multiply injured
patient is outlined by the Advanced Trauma Life
Support guidelines [3]. This approach emphasizes
the rapid and prioritized evaluation of patients in a
matter sufficient to identify life-threatening injuries
first. The following discussion will not reiterate the
more basic principles of initial resuscitation and
evaluation, but will focus on several topics related
to the assessment of the multiply injured patient
that are subjects of recent controversy and research.

WHOLE-BODY COMPUTED TOMOGRAPHY
IMAGING
Computed tomography (CT) imaging has given clinicians a fast and accurate method to noninvasively
www.co-criticalcare.com

identify injuries. As CT technology has improved,
increased image-acquisition speed and resolution has
improved diagnostic accuracy and expanded its use
to include vascular imaging. Many trauma centers
are now advocating whole-body CT (WBCT) as part of
the early assessment of multiply injured patients.
WBCT typically includes a CT scan of the head,
complete spine, chest, abdomen, and pelvis. The
purported advantages of this method include more
rapid identification and treatment of critical injuries,
and potentially reduced morbidity and mortality.
However, this strategy has raised concerns about
the risks of excessive radiation exposure and
increased cost as compared to more selective imaging
strategies.
Multiple studies have been performed in an
attempt to determine whether or not routine WBCT
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KEY POINTS
! Protocolized whole-body CT for diagnosis of traumatic
injuries has recognized value, but the exact indications
remain controversial.
! CT angiography, with at least 64-slice capacity, is
adequate to replace conventional angiography for
BCVI screening.
! High-resolution CT imaging alone is probably sufficient
to clear the cervical spine of major injury in
obtunded patients.
! Point-of-care testing, including TEG, allows hemostatic
resuscitation to be tailored to individual patient needs.

imaging confers any survival benefit. Huber-Wagner
et al. [4] published a German retrospective multicenter study of WBCT versus non-WBCT and found
a survival benefit associated with WBCT after risk
adjustment for trauma injury severity score (TRISS)
and revised injury severity classification (RISC)
scores. The relative risk reduction was between 13
and 25% depending on the risk score used [4].
The same authors also demonstrated a survival
advantage in hemodynamically unstable patients
undergoing WBCT [5 ]. Other studies have shown
somewhat mixed results, with some supporting a
survival benefit to WBCT, whereas others were
unable to demonstrate such an advantage [6–10].
All of the referenced studies on mortality with
WBCT are retrospective in nature and suffer from
potential bias and confounding. There has not
been a randomized trial utilizing WBCT, published
to date.
Whole-body CT has the potential benefit of
shortening the time to definitive diagnosis of injuries by streamlining the diagnostic process. Several
studies have shown a decreased time in the emergency room [8,9,11], and two studies demonstrated
a decreased time to operative intervention [7,9].
Wurmb et al. [8] demonstrated in a retrospective
study that the complete work-up of the patient was
completed in 23 min after arrival in the WBCT group
as compared to 70 min in the selective imaging
group. This led to a decrease in the time to final
management plan from 82 to 47 min [8]. A study by
Tillou et al. [12] demonstrated that had physicians
ordered selective imaging, they would have missed
injuries in 17% of patients. However, the clinical
impact of these potential missed injuries is not clear.
The principal deterrent to the more widespread
use of CT is the risk of radiation exposure, approximately 10–20 mSv with WBCT. It is estimated that
for every 10 mSv of radiation exposure, the risk of
&

cancer increases by one in 1000 [13]. This effect,
however, is highly age-dependent, with children
and adolescents being the most susceptible.
Estimates of age-adjusted radiation risk suggest a
greatly diminished effect after age 35 [14]. Clinical
studies examining the radiation exposure of trauma
patients during their initial work-up found that the
use of WBCT led to at least twice the relative risk of
being exposed to above 20 mSv [15]. This is consistent with other studies showing an increased risk of
radiation exposure attributable to CT imaging in
trauma patients [16–18].
As healthcare costs continue to increase, it is
important to consider the financial implications of
diagnostic imaging. None of the studies on WBCT
specifically looked at the costs associated with this
strategy. While CT imaging is clearly associated with
increased costs, these may be offset by a decrease
in missed injuries and decreased hospitalization
requirements.
Whole-body CT is a promising strategy for managing patients with multiple blunt traumatic injuries. It likely decreases the time required to complete
the work-up of patients and may lead to faster treatment decisions. It logically follows that decreasing
time to treatment has the potential to save lives;
however, this must be balanced against cost and a
potential radiation risk to those with negative
images. WBCT is currently used liberally in our
practice for patients that are obtunded with a mechanism of injury concordant with multisystem
trauma, and for patients with physiologic alterations suggestive of early shock that remain stable
enough for CT imaging. We have a much lower
threshold for WBCT in the elderly given a higher
incidence of serious, clinically occult injuries and
the minimal consequences of radiation exposure in
that population.

DIAGNOSIS OF BLUNT
CEREBROVASCULAR INJURY
Blunt cerebrovascular injury (BCVI) had been previously thought to be a rare event, but several studies over the past few decades have shown it to be
much more common than was previously thought.
BCVI is diagnosed in 1–2% of patients sustaining
significant blunt trauma [19–21]. These injuries can
lead to devastating neurologic complications such
as stroke and death. The associated mortality for
stroke resulting from BCVI has been reported at up
to 50% in a recent study [20]. The early identification and treatment of BCVI may significantly
reduce the stroke rate and mortality [22,23], and
has led to efforts to identify the ‘at-risk’ population
and the optimal method for BCVI screening.
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The original studies of BCVI were performed
using digital subtraction angiography (DSA) which
had been considered the gold standard for diagnosis.
However, this technique is invasive and is associated
with a number of serious complications, including
stroke, making it unattractive as a screening method
for BCVI. Due to both resource issues and complications, clinicians have been searching for a less
invasive screening method that would prove as
effective as DSA in diagnosing BCVI. Improvements
in CT technology with more helical ‘slices’ and
faster speeds have allowed it to replace conventional
DSA for a number of injuries, including BCVI.
Using computed tomographic angiography
(CTA) as a screening tool for BCVI was described
in a study by Rogers et al. [24] in 1999. Subsequent to
this, a number of further studies were published
evaluating the use of CTA in screening for BCVI.
Sensitivity in published series has been wide ranging
from 29 to 100%. Specificity has been much more
consistent with most modern studies showing rates
above 90% [25]. The sensitivity for detection of
BCVI is likely a direct effect of speed and the capacity
of the more modern scanners (number of slices).
Many centers have changed their primary screening
modality to CTA based on these early results. The
group out of Memphis has published extensively on
BCVI and had continued to utilize conventional
DSA based on unconvincing results using CTA
[26]. However, using a 64-slice CT scanner, they
published a recent study demonstrating a sensitivity
of 68% on a per-vessel basis and 84% on a perpatient basis [27 ]. This was significantly improved
from their previous experience with 32-slice CTA
where a sensitivity of 51% was found [26]. When
they analyzed their rate of significant complications
(0.5%), they found it to be similar to the morbidity
associated with potential missed injuries at 0.4%,
leading them to conclude that CTA with a 64-slice
multidetector CT scan was well tolerated and effective as a primary screening modality for BCVI. This
is consistent with conclusions from multiple other
authors regarding multislice CTA [23,28,29]. Multidetector CT arteriography using 64 or more channels appears to be adequate for screening for BCVI,
and is a reasonable replacement for DSA.
The Eastern Association for Surgery of Trauma
(EAST) has published guidelines on screening for
BCVI (listed below) [30].

(b) through the foramen transversarium
(c) with subluxation or rotational component
(6) Lefort II or III facial fractures

(1)
(2)
(3)
(4)
(5)

The consequences of missed cervical spine injuries,
both in terms of cost and associated morbidity, have
pushed tolerances for diagnostic error to almost
zero. Plain films of the cervical spine had previously
been the gold standard for the diagnosis of cervical
spine injury, but they have been supplanted by CT

&
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Unexplained neurological abnormality
Massive epistaxis from arterial source
Glasgow coma score below 8
Petrous bone fracture
Cervical spine fractures:
(a) of C1–C3
www.co-criticalcare.com

These and similar guidelines are widely used in
trauma centers across the world. Some recent
articles suggest that it may be time to expand the
indications for screening in order to decrease the
approximately 20% of patients with BCVI that do
not have one of the screening criteria [31].
Additional indicators that may increase the screening sensitivity for BCVI include mandibular fractures, any basilar skull fracture, complex frontal
skull fractures with orbital involvement, and combined traumatic brain injury with thoracic injuries
[32,33 ]. Overall, as the noninvasive diagnosis of
BCVI continues to expand with CTA, so will the
indications for screening. Some institutions have
begun to include routine CTA of the neck with
WBCT in order to increase the diagnostic rate of
BCVI, but this technique will need continued study
to ensure that the sensitivity and specificity is
similar to a dedicated CTA [33 ].
The main goal of screening for BCVI is to allow
early treatment and reduce the morbidity and
mortality associated with BCVI. In addition to its
diagnostic efficacy, CTA is far more accessible in
many centers than conventional DSA, potentially
reducing both the time from injury to diagnosis and
the ultimate stroke rate. In a study by Eastman et al.
[23], the use of a screening protocol for BCVI was
associated with a decrease in time to diagnosis from
31.2 to 2.65 h, and a decrease in the stroke rate from
15.2 to 3.8%. These data suggest that the replacement of DSA with CTA may lead to faster diagnosis
which would allow earlier treatment and thereby
decrease the rate of stroke.
CTA with a 64-slice or greater multidetector CT
scan to screen for BCVI is now widely accepted
as a diagnostic alternative to DSA. The speed and
accessibility of CTA provide additional advantages
that should ultimately reduce the morbidity and
mortality from BCVI-related strokes. Defining the
precise risk factors that will accurately identify
patients in need of BCVI screening and determining
the cost, benefits, and outcomes for this screening
warrant further study.
&
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DIAGNOSIS OF CERVICAL SPINE INJURY
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imaging [34]. Controversy still remains in determining which patients require diagnostic imaging at
all, and the extent of imaging needed to reliably
exclude occult ligamentous injury.
The ability to reliably ‘clear’ the cervical spine
on the sole basis of the physical examination
can reduce costs and expedite care while avoiding
serious missed injuries. Groups such as the National
Emergency X-Radiography Utilization Study
(NEXUS) study group and the investigators for the
Canadian C-spine rule evaluated clinical criteria to
rule out cervical spine injury [35,36]. The decision
rules based on the NEXUS and Canadian studies are
easily adapted to the clinical environment and have
gained wide acceptance. The Canadian C-spine rule,
although considerably more sensitive, lacks specificity, making it less advantageous for practitioners
dealing with major trauma. A major critique of these
clinical clearance rules is that the studies that they
were based on utilized plain films, an inferior
modality to determine fractures as compared to
CT imaging. The use of NEXUS criteria has been
questioned in recent studies in the literature,
reporting a significant number of missed injuries
among major mechanism trauma patients [37]. The
physical exam is particularly unreliable in the
elderly. This population has a higher incidence of
fracture, but a lower sensitivity (65.9%) using the
NEXUS criteria, than a younger population in a
recent study [38]. Clinical clearance criteria should
be used with caution in patients with a significant
mechanism of injury, particularly in the elderly.
Another area of controversy pertains to the
optimal method for reliably excluding cervical spine
injuries in patients who cannot be cleared on a
clinical basis. Plain films, and more recently CT,
are being utilized to diagnose fractures, with further
imaging with flexion/extension fluoroscopy, or MRI
used to evaluate potential ligamentous injuries.
These ligamentous injuries may result in significant
cervical instability and may lead to devastating
neurologic consequences if missed. This leaves clinicians with the unfortunate choices of leaving cervical collars in place for extended periods of time,
relying on CT findings to screen for major ligamentous injury, or routinely transporting critically ill
patients to MRI scanners. Cervical collars have significant complications on their own and have been
shown to contribute to increased intracranial pressure and significant wound problems [39–42].
With the advent of multidetector CT imaging of
the cervical spine, many investigators are questioning the need for prolonged c-spine immobilization.
A number of studies have been performed looking at
the rate of missed injuries with modern multidetector CT technology. A meta-analysis performed in

2011 demonstrated sensitivity and specificity of
above 99% for CT imaging of the spine to rule out
unstable skeletal or ligamentous injury, and concluded CT alone to be sufficient for this purpose
[43]. Conversely, another recent meta-analysis of CT
imaging in the obtunded patient showed a negative
predictive value for clinically significant injury of
92.9% with a negative predictive value for surgical
intervention of 99.6% [44]. Using similar data, the
authors arrived at a disparate conclusion that MRI
was still an essential modality to evaluate for ligamentous injury in patients unable to undergo an
adequate physical examination. This is despite the
fact that they did not include a single study that was
published after the 2011 meta-analysis. The reasons
for the disparities seem to be due to a different
interpretation of what constitutes an unstable injury
and what amount of risk is considered acceptable.
However, given the rarity of unstable ligamentous
injury, it will be important for large surgical societies
to provide consensus on what rate of missed injury
would be acceptable, given the potentially devastating consequences. Our current practice is to accept a
radiographically normal 64-slice CT scan of the
cervical spine as an acceptable imaging modality to
clear the cervical spine in the absence of any demonstrable neurologic abnormality.

MASSIVE TRANSFUSION TRIGGERS AND
TRAUMA-RELATED COAGULOPATHY
In 2007, Holcomb et al. introduced data from the
conflicts in Iraq and Afghanistan showing that a
balanced resuscitation of packed red blood cells and
fresh frozen plasma in a ratio nearing 1 : 1 was
associated with improved mortality in military casualties [45,46]. This strategy, referred to as damage
control resuscitation (DCR), has subsequently been
associated with reduced mortality in the civilian
population as well [47]. Over the next several years,
this concept has been widely adopted throughout
trauma centers all over the world.
An important tenet of DCR is the early provision
of blood product support. The early identification of
patients who will ultimately require massive transfusion has remained a challenge. Multiple scoring
systems have been developed to address this, but
many are overly complex and rely on data that are
not readily available in the trauma bay. Recent
advances in point-of-care testing have made it
possible to gain important laboratory information
within minutes of the patient arriving. These data
have been utilized in the PROMMTT (PRospective,
Observational, Multi-center Major Trauma Transfusion) trial to validate various transfusion triggers in
a prospective manner. In this study, international
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normalized ratio (INR) greater than 1.5, SBP below
90 mmHg, hemoglobin below 11 g/dl and base deficit at least 6, and penetrating mechanism and heart
rate above 120 were associated with an increased risk
of massive transfusion [48 ]. As identified in a
previous retrospective study, INR was the most predictive single factor [49]. Adding these factors in an
equally weighted fashion gives a stepwise increase in
massive transfusion risk in which two factors showed
an approximate 30% chance of massive transfusion
and up to 80% if all six met their targets. This index
gives clinicians a simplified manner with which to
assess the risk of requiring massive transfusion.
In addition to point-of-care standard laboratory
testing, thromboelastography (TEG) and rotational
thromboelastometry (ROTEM) have come into more
widespread use in trauma resuscitation. These devices measure the viscoelastic properties of blood
utilizing a moving pin or cup, and provide measures
of clotting time, clot firmness, and clot lysis. A
number of studies suggest that rapid TEG may supplant more conventional coagulation factor testing
in the coagulopathic trauma patient [50,51]. A prospective evaluation of the rapid TEG on 1974
patients found rapid TEG values to be more predictive for massive transfusion than INR [50]. In
another study, TEG-guided resuscitation was compared to a standard massive transfusion protocol.
The results suggested that TEG-guided resuscitation
outperformed the massive transfusion protocol in
penetrating trauma patients [52 ]. Utilization of
TEG as a replacement for traditional coagulation
studies will need to be validated in studies at other
centers, but shows great promise.
The rapid bedside determination of laboratory
studies is likely to continue to proliferate and offers
significant opportunity to improve care in
extremely dynamic clinical scenarios such as the
massively bleeding patient. TEG and ROTEM allow
rapid evaluation of a patient’s ability to properly
form and breakdown clot in a real-time manner.
This allows clinicians to rapidly tailor their resuscitation to the specifics of a given patient and should
be integrated into massive transfusion protocols in
the future.
&

&

CONCLUSION
The assessment of multiply injured trauma patients
is an area of active research. New imaging and
laboratory technologies have provided significant
advances in our ability to rapidly diagnose injuries
in the most critically ill. It is essential that physicians managing the care of the critically injured
stay abreast of the latest developments in trauma
assessment.
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Transfusion strategy in multiple trauma patients
Oliver M. Theusinger, Philipp Stein, and Donat R. Spahn

Purpose of review
To point out the tolerance of anemia, the possible use of alternatives to allogeneic blood products as well
as the pathophysiological effects of transfusions in the context of multiple trauma patients.
Recent findings
Restrictive transfusion triggers are beneficial for patient outcome in trauma.
The actual European Trauma Treatment Guidelines suggest the use of point-of-care devices, the use of
transfusion algorithms and factor concentrates to control coagulopathy. The use of high ratios of plasma to
red blood cells to improve survival has been shown to suffer from a time-dependent survival bias. In
massive bleeding, factor-based treatment of coagulopathy is feasible and preferable to plasma transfusion,
if available. In nonmassive bleeding, allogeneic transfusion of blood products increases the appearance of
serious adverse events and mortality and should be avoided unless clearly indicated.
Summary
Transfusion in trauma has to be an individual decision for a specific patient, not for a specific laboratory
value. Transfusion management must aim at reducing or even avoiding the use of allogeneic blood
products. This may lead to a new gold standard with cost reduction and amelioration of outcome of major
trauma patients.
Keywords
allogeneic blood products, assessment of anemia, pathophysiology of transfusions, transfusion triggers,
trauma

INTRODUCTION
Mortality related to trauma may be up to 40% in the
civilian sector [1 ,2,3]. Of those 40%, one quarter of
the deaths are related to coagulopathy and uncontrolled blood loss that may be preventable [4 ,5].
For this reason, treatment of coagulopathy and
hemostatic control are key to reduce mortality
due to exsanguination, to save blood products
and to improve outcome [1 ,6–11].
Using restrictive transfusion triggers and patientspecific physiological reserve of anemia are the two
aspects that can also be applied in multiple trauma
patients to reduce the use of blood products
[12 ,13 ,14 ,15,16 ].
Point-of-care (POC) devices, such as rotational
thromboelastometry (ROTEM, TEM Innovations
GmbH, Munich, Germany) or thromboelastography
(TEG, Haemoscope Corporation, Niles, Illinois, USA)
are becoming more popular to treat bleeding in
trauma and are highly recommended to guide hemostatic therapy during coagulopathy [1 ,17,18].
The purpose of this review is to enlighten
patient tolerance to anemia, the use of transfusion
algorithms and alternatives to allogeneic blood
products, the outcome of transfused patients,
&&

complications and pathophysiological effects of
blood products as well as transfusion triggers and
thresholds to use blood products in a restrictive
manner.
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PATHOPHYSIOLOGICAL EFFECTS OF
TRANSFUSION
Although blood transfusions are considered to be
well tolerated in first world countries with regard to
the direct transmission of infectious agents, there
are still some serious adverse events that need to be
mentioned. Although their frequency is low, hemolytic and delayed hemolytic reactions are severe
adverse events [19]. They may be due to the transfusion of AB0 incompatible blood product. Delayed
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KEY POINTS
! Also, in trauma, restrictive transfusion triggers are
beneficial for patient outcome.
! Goal-directed transfusion algorithms and the use of
POC devices in trauma reduce the need of allogeneic
blood products.
! There is no clear evidence for high FFP : RBC ratios as
this concept suffers from a time-dependent survival bias
in patients receiving high FFP : RBC ratios.

hemolytic reactions occur in patients who have
developed antibodies from previous (AB0 compatible) transfusions or pregnancy. These antibodies in
question sometimes present in low concentrations
and are too weak to be detected by standard procedures at the time of antibody screening before the
intended transfusion. Subsequent transfusion with
red blood cells (RBCs) having the corresponding
antigen results in an anamnestic antibody response
and consecutive hemolysis of transfused RBCs.
Febrile reactions (a rise of 1.0 8C from baseline)
due to cytokines and antibodies to leukocyte antigens reacting with leukocytes or leukocyte fragments are common with a frequency of about
10% [19]. Foreign plasma proteins are able to cause
allergic reactions causing urticaria and may be
associated with laryngeal edema and bronchospasm; their frequency is about 1%. Anaphylactic
reactions are rare and may be due to an anti-immunoglobulin A reaction, leading to cardiovascular
instability, dyspnea, stridor, shock and possible
cardiac arrest. Transfusion-related acute lung injury
(TRALI) is underrecognized, and thus its frequency
is rare [20 ]. The pathomechanism is supposed to be
linked to the presence of antibodies in the donor
plasma, which react with the recipient’s leukocyte
antigens or induce the production of inflammatory
mediators resulting in a noncardiogenic pulmonary
edema with a 10% fatality [21,22 ]. Bacterial contamination occurs when a small number of bacteria
enter a blood component during collection or processing. During storage, bacteria may proliferate,
resulting in a large number of organisms and endotoxins being given with the transfusion. This complication is rare in first world countries but leads to
major complications including fatalities [23 ].
In addition to the above-mentioned distinctive
side-effects, RBC transfusions in trauma patients
increase the risk of multiorgan failure, infections,
renal dysfunction, length of stay (LOS) and
mortality [24,25] .
Trauma patients are at greater risk for massive
transfusion. In addition, longer storage time of RBCs
&

&

&

[26–28] leads to even longer LOS [29,30], additional
occurrence of deep vein thrombosis [31] and even
higher mortality [26,30–33] with a possible dose
effect regarding older blood products [27,31,33].

ASSESSMENT OF ANEMIA IN TRAUMA
The initial hemoglobin or hematocrit measurement
is not a precise measure of the actual blood loss of a
trauma victim, particularly after a limited initial
fluid therapy. Therefore, a near normal hematocrit
value in the emergency department does not rule
out significant blood loss (low sensitivity) [34]. But,
a primarily low hematocrit has a high specificity in
identifying major injury and blood loss requiring
operative intervention [34,35]. Moreover, a low
hematocrit is associated with higher injury severity
scores, hypotension and acidosis [36]. Preexisting
anemia or severe hemodilution cannot be ruled out
as other reasons for a low hematocrit, but a drop in
the hematocrit value over time (serial measurement)
is sensitive and specific for bleeding, even in the
context of fluid resuscitation [37].
In 2002, Kinoshita et al. [38] were the first to
describe an apparatus to measure hemoglobin concentrations noninvasively using three different
wavelengths. The development of multiwavelength
pulse oximeters showed promising results and a
relatively acceptable accuracy in perioperative
patients when peripheral perfusion, indexed as
signal quality by the machine, was good (in 70%
of cases) [39]. However, for trauma patients, this
method is inadequate as shock, hypothermia and
vasoconstriction influence the results [40,41 ]. In a
study comprising 525 trauma patients, detection
of a hemoglobin value was impossible only in
34% of the readouts [42].
Although noninvasive hemoglobin measurement shows promising results in patients with an
adequate peripheral perfusion, it is not yet useful in
the setting of trauma and hemorrhagic shock to
guide transfusion decision making.
&

TRANSFUSION TRIGGERS AND
THRESHOLDS (THE EMPIRICAL
APPROACH)
Blood transfusion historically is thought to save
the life of bleeding patients, but no high evidence
data are available to date to support this axiom
[43].
In the perioperative setting, not referring
specifically to trauma victims, anemic patients have
a significantly higher perioperative 30-day mortality
after major noncardiac surgery, compared to controls with normal hemoglobin levels [44,45].
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However, allogeneic blood transfusion is not
the ‘cure’ for the anemic patient. Specific risks, such
as (viral) infection, TRALI, transfusion-related circulatory overload and immunomodulation, account
for the transfusion-associated worsened outcome
[46,47].
Formerly accepted hemoglobin transfusion triggers of about 100 g/l were abandoned [48].
A Cochrane review concerning transfusion
triggers states that blood transfusion probably can
be withheld to hemoglobin levels of as low as 70 g/l.
The threshold for patients with coronary artery
disease remains to be exactly determined but is
likely at or below 80 g/l. Further research is needed
to evaluate the role of even lower hemoglobin levels
[9]. A randomized controlled multicenter study
showed a lower mortality, fewer complications
and a shorter length of hospital stay in patients
with acute upper gastrointestinal bleeding when
transfused restrictively (Hb <70 g/l) as compared
with a more liberal transfusion regimen (Hb
<90 g/l) [49 ]. In hip fracture surgery patients with
a history of, or risk factors for, cardiovascular disease, liberal transfusion strategy (threshold 100 g/l)
did not reduce rates of death on 60-day follow-up or
reduce in-hospital morbidity in elderly patients
[50].
In 203 trauma patients, analyzed as a subgroup
of the prospective randomized controlled ‘transfusion requirements in critical care’ trial [51], a
restrictive transfusion trigger (<70 g/l) to maintain
hemoglobin between 70 and 90 g/l was not inferior
to a liberal (>100 g/l) regimen with hemoglobin
concentrations between 100 and 120 g/l. Patients
in the restrictive group received significantly fewer
allogeneic RBC transfusions. Reported 30-day allcause mortality, rate of multiorgan dysfunction,
LOS in the hospital and in the ICU were comparable
and not significantly different between the two
groups [51].
In patients with traumatic brain injury (TBI),
RBC transfusion increased local brain tissue oxygen
partial pressure in 74% of the patients [52]. However, this effect was not seen with ‘old’ blood stored
more than 19 days [53]. Despite increased oxygen
partial pressure, no positive effect on cerebral
metabolism was seen [54]. More days with a hematocrit below 30% were associated with improved
neurologic outcomes in a retrospective analysis of
169 patients [55]. Transfusion, but not anemia,
significantly led to higher mortality and more complications among 1150 TBI patients [56]. Increasing
the hematocrit above 28% in the initial operation
phase following severe TBI was not associated with
an increased or decreased morbidity or mortality
[57]. Initial anemia (Hb <100 g/l) in the emergency
&&
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department following TBI was not a mortality risk
factor [58].
The current knowledge gives no compelling
evidence to treat patients with severe TBI differently
in contrast to other critically ill patients concerning
RBC transfusion [1 ].
Clinical indicators such as injury severity score
above 25, the need for procedural bleeding control
[59 ] and multiple scoring systems consisting of
international normalized ratio (INR), mechanism
of injury, positive results for focused assessment
with sonography for trauma, blood pressure, initial
hemoglobin and heart rate can help identify trauma
patients at risk for massive transfusion, but also
patients highly unlikely to need a massive transfusion [60 ,61]. These variables and scores may be
used as an adjunct to guide resuscitation, but they
do not reflect the specific needs of an individual
trauma victim.
Emphasis must be put on the fact that transfusion has to be an individual decision for a specific
patient at a specific moment in time, not for a
specific hemoglobin value, and RBC transfusion
must be avoided whenever possible.
&&

&

&

ACUTE ANEMIA, HEMODILUTION AND
ANEMIA TOLERANCE (THE INDIVIDUAL
PHYSIOLOGICAL APPROACH)
Only 0.3 ml of oxygen is dissolved physically
in 100 ml of blood at room air breathing (FiO2
0.21 and atmospheric pressure 1013 mbar), but it
can play a vital role in severe acute anemia states.
With a FiO2 of 1.0 and a hemoglobin value of
10 g/l, the physically dissolved amount of oxygen
equals the amount of oxygen bound to hemoglobin
[62]. Survival of transient acute anemia (hemoglobin 7 g/l) was reported [63]. Even without
allogeneic blood transfusion, a nadir hemoglobin
of 14 g/l was survived by a patient refusing blood
products [64].
Cellular and circulatory physiological compensatory mechanisms facilitate vital oxygen delivery
to the tissues (DO2) during anemia [65 ]. DO2 is the
product of cardiac output and arterial oxygen content of the blood. The body’s demand for oxygen is
five-fold exceeded by DO2 in physiological conditions. Moreover, a rise in cardiac output and an
increase in O2 extraction can compensate for a
decline in the oxygen content of the blood in states
of acute anemia [66].
A critical hemoglobin value [Hb(crit)] is reached
when whole body oxygen consumption (VO2) starts
to decline because of insufficient DO2 (¼global
body hypoxia). In an animal model, all of the study
pigs consecutively died within 3 h after reaching the
&
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Hb(crit) with a FiO2 of 0.21 [67]. Increasing the FiO2
leads to more physically dissolved oxygen, resulting
in a lower Hb(crit) and a higher level of possible
hemodilution [68 ].
In addition, Lauscher et al. [69 ] demonstrated
that there are organ-specific thresholds of anemic
hypoxia in anesthetized pigs. Kidney and skeletal
muscle showed tissue hypoxia before reaching
Hb(crit) and significantly earlier than cardiac
ventricle and brain. On the contrary, the liver showed
even fewer cellular signs of hypoxia at a hemoglobin
level of 40 g/l compared with the control group (normal hemoglobin values) [69 ]. The impact of this
animal model data is unclear for the time being.
Further investigations need to be performed to elucidate the clinical relevance in the human body.
Moreover, current transfusion thresholds (70 g/l)
are high above the critical individual organ margin
described in the animal study.
Other clinically susceptible factors to increase
anemia tolerance are deep neuromuscular blockade
[70], hypothermia, by reducing (cerebral) oxygen
consumption by 6% per degree Celsius [71] and
administration of norepinephrine to overcome arterial hypotension during hemodilution [72].
This growing knowledge may lead to a better
understanding of the role of transfusion in the
context of severe traumatic bleeding. Measures to
increase anemia tolerance, further insights into
organ-specific oxygen demand and assessment of
organ ischemia thresholds may reveal new physiologic triggers to guide red cell transfusion therapy in
the future.
&
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[77 ]. Because of their use, coagulopathy in trauma
can be treated early and effectively and blood loss
and the use of blood products can be reduced
[1 ,78 ,79 ].
Thromboelastometry (ROTEM) measures and
graphically displays the viscoelasticity of the developing blood clot. The first usable results are provided within 5–10 min, whereas the classical
laboratory results may take from 30 to 90 min and
thereby delay effective therapy for patients [77 ].
Details on the ROTEM method and technology are
to be found in the literature [80]. Another device to
be used is the thromboelastography (TEG, Haemoscope Corporation, Niles, Illinois, USA) working
similarly to the ROTEM, details are described in
the literature [81]. The use of POC devices is acutely
clearly recommended by the European Trauma
Guidelines [1 ].
The use of FFP leads to adverse effects that are
similar to those of RBCs (increased mortality,
multiple organ failure, infections, lung injury,
immunomodulation) [82 ]. The use of FFP is getting
more and more questionable as concentrations of
factors are variable and large volumes are necessary
to achieve an effect. Actually, the use of fibrinogen
concentrates is favorable compared with FFPs [83].
According to the European Trauma Guidelines, the
use of FFP or fibrinogen is indicated in patients with
massive transfusions. A ratio of 1 : 2 (FFP : RBC) is
suggested if FFP is being used. However, in nonmassive bleeding, plasma transfusion should be
avoided [1 ]. Fibrinogen has been shown to be
the coagulation factor which drops critically first
during bleeding; for this reason, its concentration
needs to be monitored closely [1 ,73,84]. The actual
recommended fibrinogen target levels of 1.5–2.0 g/l
have been defined by the European Trauma Treatment Guidelines [1 ]. As the concentration of
fibrinogen in FFP does not exceed 2 g/l, the use of
fibrinogen concentrates has the advantage of reaching fibrinogen levels above 2.0 g/l without volume
overload [85]. The second coagulation factor to be
monitored closely is factor XIII which, in combination with fibrinogen, is essential for a stable clot;
its level should be maintained above 60% by administration of factor concentrate in case of active
bleeding [86–89]. In addition to those single-factor
concentrates, prothrombin complex concentrates
may be taken into consideration [73,89–93]. There
are different types of prothrombin complex concentrates regarding factors contained (three vs. four),
their relative composition and their thrombotic
potential. Their use in trauma is recommended
since 2013, but only under strict surveillance by
rotational thromboelastometry and in the context
of algorithms, which suggest small and repeated
&&
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ALTERNATIVES TO ALLOGENEIC BLOOD
PRODUCTS
Actual studies clearly show that a high amount
of RBCs, fresh frozen plasmas (FFPs) and platelets
can be reduced without additional risks for
patients by using transfusion algorithms in trauma
on the basis of coagulation factor concentrates
[73,74]. Data from four European countries (United
Kingdom, Germany, Italy and Switzerland) were
used to calculate blood substitution and costs of
blood products needed. The results showed that
these products account for approximately one
third of all costs associated with trauma care [75].
The reduction of septic complications and
organ failure tends to reduce days on ventilator,
whilst on ICU and shorten overall in-hospital
LOS which clearly contribute to cost reduction in
trauma care without increasing the risk of patients
[76].
The use of POC devices as well as goaldirected algorithms is getting essential (Fig. 1)
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Diagnogstic

Intervention

Preoperative history
1.

2.
3.

Drugs affecting coagulation
Antiplatelet drugs
Heparin
Oral anticoagulation (Vit. K antagonists,
Xa antagonists, IIa antagonists)
Coagulation status?
HIT II?

ROTEM after anesthesia induction
-

Transplant surgery
Cardiac and vascular surgery
Difficult cancer surgery
Liver insufficiency
Intra-abdominal sepsis
Emergency room entry

Blood loss > 50% with diffuse bleeding
ROTEM analysis
-

EXTEM, INTEM, FIBTEM, APTEM

-

HEPTEM in heart and vascular surgery

Target values
-

Normothermia (temp. > 35°C)
Normocalcemia (Ca >1.15 mmol/l)
No acidosis (pH > 7.2)
Hematocrit > 0.21
Hypotension (MAP 55–60 mmHg)

Crystalloid and/or colloid volume substitution
FIBTEM < 7 mm

Fibrinogen 2–4 g i.v. ( maximal 3x2g), after a total of 6 g give FXIII

INTEM (CT and CFT prolonged) and HEPTEM normal

Protamine sulfate 1:1 to heparin

OR

crystalloid and colloid volume substitution

ACT pathological and heparinase ACT normal
EXTEM / INTEM
:
Decrease of MCF after maximum was reached
APTEM: normal

Tranexamic acid
-

15 mg/kg BW as bolus i.v.
1–2 mg/kg/h during surgery i.v. as perfusion

Hyperfibrinolysis
On-going diffuse bleeding
EXTEM /INTEM MCF<40 mm
CT EXTEM /INTEM normal
MCF FIBTEM <7 mm
Hct > 0.21
MCF FIBTEM > 7mm
Platelets < 50 000/ µl (< 100 000/ µl in cardiac surgery or in
patients suffering from traumatic brain injury)
Coagulation test incl. F XIII, F V, INR, PT, aPTT

Fibrinogen up to 6 g, followed by Factor XIII 15 U/kg BW
crystalloid and colloid volume substitution

Platelet concentrates

Target of Factor XIII: > 60% (Factor XIII 15 U/kg BW)
Target of Factor V: >20% (in particular in liver insufficiency
/trauma or intra-abdominal sepsis: 2–4 U FFP)

On-going diffuse bleeding
Quick's value < 30% and
Factor V > 20 %
OR
EXTEM/INTEM: CT, CFT prolonged

4 factor prothrombin complex concentrate 1000–2000 IU

In case of massive transfusion

Target hematocrit: 0.21 –0.24

-

Factor II, VII, IX and X

Depending on the patient’s bodyweight

If massive diffuse bleeding continues and
Treated acidosis
Treated hypothermia
Excluded hypocalcemia
Hematocrit: 0.21–0.24
Excluded DIC
Fibrinogen was substituted
Platelets >50 000/µl (>100 000/µl in cardiac surgery or in
patients suffering from traumatic brain injury)

Recombinant Factor VIIa
60 µg/kg bodyweight i.v.
A second dose of 60 µg/kg bodyweight i.v. can be given again
after 2–4 hours, if bleeding has not completely stopped.

FIGURE 1. Third version of the transfusion algorithm of the University Hospital of Zürich 2013, Switzerland. BW, body weight;
CFT, clot formation time; FFP, fresh frozen plasma; HIT, heparin-induced thrombocytopenia; INR, international normalized ratio;
i.v., intravenous; MAP, mean arterial pressure; MCF, maximal clot firmness. Adapted with permission [77 ].
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doses to prevent thromboembolic adverse events
[1 ,92].
In addition to all factor concentrates, one should
take the two following drugs into consideration: first,
tranexamic acid (TXA), which stops hyperfibrinolysis, reduces the need for blood products and decreases
mortality [94] and second, desmopressin, which
enhances platelet adherence [94–99]. There is
actually clear evidence that the early use of TXA is
favorable for patients. One study, including 40
trauma patients (55% penetrating, 45% blunt
trauma), all received TXA in the prehospital setting
showing that this is feasible without delaying
treatment or creating severe adverse events [100 ].
However, patients’ outcome could not be assessed
because of the study design and the limited sample
size. The most known study, named CRASH-2,
showed that early (within first 3 h) administration
of TXA in the emergency room reduces mortality
significantly [94]. Furthermore, TXA is cost effective
and has been integrated into military trauma algorithms [101 ]. A recent systematic Cochrane review
showed that TXA clearly reduces blood transfusions
in patients requiring emergency or urgent surgery
[102 ].
Regarding desmopressin, the European Trauma
Guidelines recommend a single dose for trauma
patients treated with aspirin [1 ].
&&
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TRANSFUSION AND PATIENT OUTCOME
Today, in many countries, the widespread approach
is to transfuse bleeding trauma patients with FFP
and RBCs at a 1 : 1 ratio. Halmin et al. [103] recently
published a cohort study on the association between
death in trauma and FFP : RBC ratio integrating
time-dependent data, as suggested by Ho et al.
[104]. In their retrospective cohort study including
nearly 750 patients from one single trauma center,
they analyzed time-dependent transfusions and the
relative risk of death comparing low and high
FFP : RBC ratios. They could find no significant
association between the low plasma ratio and the
risk of death. On the other side, when analyses were
made excluding the time factor, a strong effect of
high plasma ratios was seen, clearly pointing out a
survival bias [103]. This high FFP : RBC regimen is
supported by observational studies mainly from
recent wars, showing lower mortality in bleeding
patients receiving equal volumes of plasma and
RBCs as compared with patients treated with a lower
FFP : RBC ratio. The rationale for this practice is still
unclear with several studies failing to show any
survival benefits of increased plasma use, perhaps
because of a failure to account for the timing of
transfused units. The FFP : RBC ratio measured 24 h

after admission was based primarily on war casualties, in which it was realized that RBCs alone have no
effect on coagulation but the addition of FFP ameliorates coagulation.
The observation of a higher survival rate in
patients having received an equivalent number of
FFP and RBC transfusion at 24 h after admission,
however, suffers from this ‘survival bias’. Several
studies have addressed this issue. Ho et al.
[104,105] were able to show that there is a timedependent covariate regarding high FFP : RBC ratios
and so far, the current available evidence is inconclusive. Any retrospective analysis favors patients
having received high FFP : RBC ratio because only
they survived long enough to receive high amounts
of FFP. Those dying early did not survive long
enough to have FFPs being ready to be administered
[106,107 ]. This dilemma can only be solved with
prospective randomized studies. Nascimento et al.
[107 ] indeed published in 2013 such a prospective
randomized controlled study with 78 patients
assessing the feasibility of such a study and the effect
on mortality and complications in severe trauma
patients. Patients were randomly assigned to a fixed
ratio of 1 : 1 : 1 transfusion (1 unit of RBC, FFP and
platelets) (n ¼ 40) or to a laboratory guided transfusion protocol which served as the control group
(n ¼ 38) [107 ]. The all-cause 28-day mortality was
32% in the fixed-ratio group compared to 14% in the
control group and thus increased by a relative risk of
2.27 (95% CI 0.98–9.63). Event-free survival was
54% in the patients with fixed ratios compared to
78% in the control group (P ¼ 0.053). The fixed-ratio
transfusion protocol was feasible but associated with
large plasma wastage and a near significantly higher
mortality [107 ].
There is a great need for further studies on this
subject to clearly identify the optimal treatment of
massively bleeding trauma patients. Furthermore, it
has recently been shown that there is a clear causation between blood transfusions and bad outcome,
this may also be true in trauma patients and thus
one should consider giving as little blood as possible
and as much as necessary in order to have a better
outcome [108]. This can be guided by a clear algorithm that has to be followed by the whole staff in
charge. Theusinger et al. [77 ] recently published a
good example for a feasible algorithm.
&&
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CONCLUSION
Transfusion in trauma has to be an individual
decision for a specific patient, not for a specific
laboratory value. Transfusion management must
aim on reducing or even avoiding the use of allogeneic blood products. This may lead to a new gold
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standard with cost reduction and amelioration of
outcome of major trauma patients.
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OPINION

Acute traumatic coagulopathy
Andrew Cap a and Beverley Hunt b

Purpose of review
Mortality from trauma remains a global public health challenge, with most preventable deaths due to
bleeding. The recognition of acute traumatic coagulopathy as a distinct clinical entity characterized by
early coagulation dysfunction, arising prior to medical intervention, has revolutionized trauma management
over the last decade. The aim of this article is to review our current understanding of acute traumatic
coagulopathy.
Recent findings
We focus on recent advances in the mechanistic understanding of acute traumatic coagulopathy,
particularly the changes in coagulation factors, physiological anticoagulants, endothelial activation,
fibrinolysis and platelet dysfunction. Evolving diagnostic and therapeutic approaches are discussed,
including viscoelastic coagulation monitoring and the role of tranexamic acid and blood products.
Summary
Emphasis is now placed on early prevention, diagnosis, and aggressive initial treatment of coagulopathy
and fibrinolysis with haemostatic blood products and tranexamic acid in addition to red cell units in order
to reduce bleeding and improve clinical outcomes.
Keywords
acute traumatic coagulopathy, endothelial activation, fibrinolysis, hemostatic resuscitation, hypoperfusion,
microparticles, platelet dysfunction, tranexamic acid, viscoelastic coagulation monitoring

INTRODUCTION
Mortality from trauma is a major global health issue,
causing over 4 million deaths a year [1]. Most potentially preventable deaths are due to bleeding, especially in wartime, but immediate management has
changed dramatically and improved outcome [2].
This article will focus on our current understanding
of acute traumatic coagulopathy (ATC).

WHAT IS ACUTE TRAUMATIC
COAGULOPATHY?
The past decade has seen an explosion of publications
describing an entity variously termed ‘acute traumatic coagulopathy’ (ATC), ‘acute coagulopathy of
trauma shock’, or ‘trauma induced coagulopathy,’
describing an early coagulopathy associated with
high bleeding risk and poor outcomes (Table 1)
[3–12]. There is uncertainty about the underlying
pathophysiological mechanisms and whether traumatic injury induces a unique coagulopathy when
compared with other forms of major haemorrhage
(e.g., obstetric or vascular) because no comparative
studies have been undertaken. Nevertheless, the recognition that early coagulation changes following
www.co-criticalcare.com

trauma portend poor outcomes has radically altered
trauma resuscitation and improved outcomes [13].

CLASSIFICATION AND NAMING OF
TRAUMA-ASSOCIATED
COAGULOPATHIES
There are different approaches to classifying ATC,
including by timescale in which temporal phases are
described. The first phase is an immediate activation
of multiple haemostatic pathways, including fibrinolysis, in association with tissue injury. The second
phase is due to therapy-related factors during
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KEY POINTS
! Traumatic injury generates an acute coagulopathy
defined usually by a prolongation of the
prothrombin time.
! ATC is associated with increased morbidity
and mortality.
! The pathogenesis of ATC relates to excessive
stimulation of fibrinolysis and coagulation, changes in
platelet function, and generation of microparticles.
! We argue that the changes of ATC are not driven
by aPC.

resuscitation, and postresuscitation there is an acute
phase response leading to a prothrombotic state,
predisposing to venous thromboembolism. In some
patients, especially if resuscitated late or inadequately, disseminated intravascular coagulation
(DIC) may ensue.
The concept of ATC stems from the recognition
that a prolonged prothrombin time (PT) and/or activated partial thromboplastin time (APTT) at hospital
admission, prior to resuscitation, is associated with a
three-fold to four-fold higher mortality rate and is
independently associated with increased transfusion
requirements, organ injury, septic complication, and
critical care length of stay [4]. This supports the
rationale for giving traumatic coagulopathy a distinct

name to emphasize these clinically important associations. For the purposes of this review, the term
ATC will be used.

THE CLINICAL RELEVANCE OF ACUTE
TRAUMATIC COAGULOPATHY
The role of ATC in forcing change in trauma management cannot be overstated. Previously, patients
were initially resuscitated with red cell concentrates,
with attention being paid to coagulopathy later.
Retrospective data from the US military and civilian
institutions described improved outcomes in those
administered fresh whole blood [13,14] or fresh
frozen plasma, cryoprecipitate and platelets in combination with red blood cells and tranexamic acid
(TXA), with limitation of colloid or crystalloid infusions [13,15–19]; a practice known as ‘haemostatic
resuscitation’ [20]. It may be that current transfusion strategies can be improved to further improve
survival after ATC [21], and the results of the
randomized controlled trials are awaited [22]. In
North America, the difficulty in managing ATC
has sparked a renewed interest in whole blood for
trauma resuscitation [23–26]. In contrast, in some
European countries, fibrinogen and other factor
concentrates have replaced fresh frozen plasma in
the management of ATC [27]. The empiric evolution
of divergent clinical practice underscores the need
for a better mechanistic understanding of ATC and
for more clinical research.

Table 1. Suggested definitions and prevalence of acute traumatic coagulopathy

Study
Brohi et al., 2003 [4]
Macleod et al., 2003 [5]
Brohi et al., 2007 [6]
Chironi et al., 2007 [7]

Maegele et al.,
2007 [8]
Niles et al., 2008 [9]
Frith et al., 2010 [10]
Floccard et al.,
2010 [11]
Davenport et al.,
2011 [12]

Number of
included Definition of
patients ATC

Time to
Average % penetrating blood
ISS
injury
sample

% of patients
with ATC

1088

PT, APTT, TT >1.5x ULN

20a

25

73 min

10 790

APTT >34 s or PT >14 s

9b

NS

106 min

208

PT, APTT, TT >1.5x ULN

17a

25

32 min

INR >1.6 or APTT >60 s or
platelets <100x109/l or
Fg <1g/l

22b

NS

‘On admission’

28

Quick’s <70% or platelets
<100x109/l

24b

4

69 min to admission

34.2

INR "1.5

17a

92

‘On admission’

38

PTr >1.2

22

a

10

60 min to admission

36

ISTH DIC score "1

25b

0

25 min

56

ROTEM EXTEM CA5 #35 mm

12a

21

77 min

88

8724
391
3646
45
300

24.4
28 – PT 8 – APTT
NS

8 – PT 23 – CA5

The ISTH DIC uses a five-step diagnostic algorithm to calculate a coagulopathy score. Parameters included in the calculation include platelet count, fibrinogen,
PT and FDP levels. Points are assigned to each laboratory parameter and a final score is determined.
NS, not stated.
a
Median.
b
Mean.
Reproduced with permission [3].
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INJURY-RELATED FACTORS
CONTRIBUTING TO ACUTE TRAUMATIC
COAGULOPATHY
The following may occur to varying degrees in each
individual, predisposing to or amplifying ATC.

while increasing fibrinolysis [33]. Hypoxia exacerbates ECA and coagulopathic changes are most pronounced once pH is less than 7.1 [34] and
temperatures less than 338C [35].

Immune system activation
Consumption and loss
Coagulation factors and platelets are consumed
during the formation of clots, as well as lost from
the intravascular compartment during bleeding.
Anaemia due to red cell loss has a major effect on
primary haemostasis through reduction of axial
blood flow and thus reduction of platelet and
plasma margination to blood vessel walls and sites
of injury [28], such that there is an inverse correlation between the haematocrit and in-vitro bleeding time [29].

Dilution
Autodilution results from reversal of Starling forces
and consequent shifts of interstitial fluid into the
vascular compartment. Dilution is aggravated by
replacement of lost whole blood with crystalloid,
colloid and red cell transfusion. The volume of fluid
administered both in vitro and in vivo is proportional
to the resultant coagulopathy [8,30].

Hormonal and cytokine-induced changes
Following tissue injury, levels of cytokines and hormones, such as adrenaline and vasopressin, rise, and
cytokine, hormone and thrombin production lead
to endothelial cell activation (ECA) [31]. Vasopressin
stimulates production of tissue plasminogen activator (t-PA) and Weibel Palade body release, which
increases von Willebrand factor levels and expression
of P-selectin on the endothelium, enhancing platelet
recruitment. Cytokines, such as TNF and IL-1, as well
as thrombin and continued hypoxia, cause ECA
and effect a slow change in endothelial cell phenotype from antithrombotic to prothrombotic, which
in inadequately resuscitated patients leads to DIC.
ECA downregulates thrombomodulin and fibrinolysis (PAI-1 levels increase), causes cleavage of
glycosaminoglycans from the cell surface, limiting
activation of antithrombin, increases platelet-activating factor production, increases endothelial permeability and in vitro upregulates the expression of
tissue factor (TF) [31,32].

Hypoxia, acidosis and hypothermia
This triad predisposes to bleeding by impairing the
function of platelets and coagulation proteases
640
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Tissue damage and shock are associated with platelet
release of soluble CD40 ligand, a potent immune
activator [36 ]. Immune stimulation, including
complement activation, is associated with release
of damage-associated molecular patterns, such as
mitochondrial damage-associated molecular patterns and histone-complexed DNA [37,38 ]. Immune
activation can aggravate tissue damage through
mechanisms including proteolytic degradation and
oxidative stress, thus amplifying coagulation activation.
&

&

CHARACTERIZATION OF ACUTE
TRAUMATIC COAGULOPATHY
In two large observational studies, one-quarter of
trauma patients had prolongation of an APTT and/
or PT at admission which was independently associated with bleeding and death [3]. ATC was found in
patients who received little or no intravenous fluid
therapy, negating the long-held belief that iatrogenic haemodilution is the main causative factor
in traumatic coagulopathy [6,10,12,39]. Fibrinolysis
also appears to play an important role in contributing to traumatic coagulopathy [40,41 ], as
suggested by the reduction in mortality due to use
of TXA in CRASH-2 [42,43].
Much of the work characterizing ATC has been
based on standard plasma-based tests resulting in
definitions based on abnormal APTT, PT, TT, INR or
PTr, low platelet count, low fibrinogen level or an
ISTH DIC score of at least 1–4 (nonovert DIC) or ! 5
(overt DIC) (Table 2) [3,40,44–47], including a
description of the ISTH DIC score. Viscoelastic tests
have been used to identify ATC [12], but there is no
universally accepted assay or definition.
&

PATHOPHYSIOLOGY OF ACUTE
TRAUMATIC COAGULOPATHY
Conceptually, it seems ATC is due to massive stimulation of coagulation and fibrinolysis by damaged
tissues. Tissue damage per se leads to exposure of the
subendothelial matrix, which contains TF, driving
localized coagulation, and collagen which binds to
platelet glycoprotein VI and vWF – glycoprotein Ib,
causing platelet activation. In keeping with this
hypothesis, reduced clotting factor and physiological anticoagulant levels (range 35–98%) [11,48,49]
Volume 20 " Number 6 " December 2014
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Table 2. Visco elastic parameters used by different authors to define fibrinolysis
Study

TEG or
ROTEM

Value
used

Normal
range (%)

Clinical
setting

Prevalence of TEG
hyperfibrinolysis (%)

Levrat et al., 2008 [44]

ROTEM

LI30 LI60

Carroll et al., 2009 [45]

TEG

LY60

<2 <43

Trauma

6

<15

Trauma

Kashuk et al., 2010 [40]

r-TEG

2

LY60

<15

Trauma

18

Tauber et al., 2011 [46]
Ostrowski et al., 2011 [47]

ROTEM

LI60

>85

Trauma

7.3

TEG

Lys30

<8

Trauma

1

LI30 or LI60, percentage of maximum clot strength present at 30 or 60 min; LY60, percentage fibrinolysis after 60 min; Lys30, decrease in maximal amplitude
over 30 min after the maximal amplitude has been reached; ROTEM, rotational thrombelastometry (TEM International, GmbH, Munich, Germany); r-TEG, rapid
TEG; TEG, (TEG; Haemoscope Corp, Niles, Illinois, USA).
Reproduced with permission [3].

and high thrombin-generating capacity [6,11,39,
50–52], as well as moderately reduced platelet
counts [5,52] are found, that is, a consumptive
coagulopathy. The most consumed coagulation
factors following injury are fibrinogen and factor
V [48,53], which are likely due, in part, to inactivation by activated protein C (aPC) or free plasmin
[54,55], although the relative contributions of each
are uncertain.
Thrombin is a central molecule in haemostasis –
its generation not only converts fibrinogen to fibrin,
resulting in fibrin strand formation, but it also activates platelets, leukocyctes and endothelium.
Thrombin stimulates the production of t-PA from
the endothelium, an effect previously known as
secondary fibrinolysis. Stimulation of t-PA release
from the endothelium by other factors, such as
hypoxia, adrenaline and vasopressin, is known as
primary fibrinolysis. High t-PA levels are reported in
coagulopathic trauma patients [6,52]. In addition,
when bound to the endothelial receptor thrombomodulin, thrombin activates protein C.
It has been argued that aPC is a major driver
of ATC through its cleavage of factors Va and
VIIIa, as well as binding of PAI-1, thereby possibly
controlling fibrinolysis [12,39,54]. This mechanism is problematic for several reasons. Firstly,
both platelet and plasma factor Va pools are resistant to aPC cleavage at concentrations of aPC
relevant to either ATC or even pharmacologic dosing of recombinant human aPC in sepsis [56 ].
Furthermore, a normal platelet concentration of
200 000/mm3 was able to eliminate aPC anticoagulant effects at suprapathophysiologic concentrations of aPC. In this study, aPC had no
discernable effect on fibrinolysis in the presence
or absence of platelets [56 ]. Secondly, PAI-1 is
a potent inhibitor of aPC in the presence of the
ubiquitous glycoprotein, vitronectin [57]. It has
been hypothesized that the binding and inactivation of aPC by the vitronectin/PAI-1 complex
&&

&&

could lead to PAI-1 depletion and thus promotion
of fibrinolysis. This is unlikely given that PAI-1
circulates at roughly 10 times higher concentrations than aPC [58,59]. Furthermore, catalytic
aPC neutralization of PAI-1 is a goal of pharmacologic manipulation, not likely a primary physiologic function of aPC [60,61]. We argue that it is
the enormously increased production of t-PA, secondary to adrenaline, vasopressin and thrombin,
not failure of inhibition which drives fibrinolysis
during ATC.
After the immediate haemostatic effects resulting
from tissue injury, further changes are orchestrated
by ECA. As mentioned, thrombin and various cytokines cause ECA, as do hypoxia and hypoperfusion [62]. The importance of hypoperfusion in the
pathogenesis of ATC has come from patient data
[9,10,39,40,49,63,64] animal models, such as the
rat trauma model [10,63] and in-vitro data [62,64].
These studies show that as shock indices increase (as
measured by base deficit) the PT, PTr and INR values
rise [4,10,12,61,62] and coagulation factor levels
fell [10,62]. The largest of these studies (n ¼ 3646)
showed that ATC (PTr >1.2) was only evident with
significant hypoperfusion (base deficit >6 mmol/l)
combined with severe injury (ISS >15) [10].
The importance of fibrinolysis in ATC has come
to the fore recently, for CRASH-2 reported a onethird reduction in bleeding mortality in trauma
patients given TXA, a competitive inhibitor of plasminogen activation [42,43]. Other clinical data have
shown that the degree of fibrinolysis is correlated
with transfusion requirement [44] and mortality
[44,65–68]. A sensitive marker of fibrinolysis is plasmin–antiplasmin complex, and levels are increased
in nearly 60% of trauma patients [68]. Increased
plasmin generation and fibrin products [69], such
as D-dimers, [6,7,39,49,65,70] are found in bleeding
trauma patients.
As time from injury increases, the prothrombotic effects of ECA gradually predominate,
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especially if hypoxia and acidosis continue. This
is partly mediated by release of phosphatidylserine-positive microparticles [71]; the endothelium
switches from a net production of t-PA to a net
production of PAI-1 [6,7,52,72]. A thrombotic coagulopathy and fibrinolytic shutdown ensues, thus
probably explaining why treatment at this stage
with an antifibrinolytic may worsen outcome [43].
Platelets play a central role in both primary
haemostasis and the widely accepted cell-based
model of coagulation. Platelets are resistant to collagen, ADP and arachidonic acid stimulation following trauma [73,74]. This platelet dysfunction, still of
unclear cause, likely explains the many observations
of improved outcomes associated with platelet
transfusion despite platelet counts previously
thought to be adequate [75–77]. Indeed, it appears
that lower admission platelet count predicts
mortality even within the normal range [78]. There
is a suggestion that transfused platelet quality may
be a determinant of trauma outcome [79].
Microparticles derived from blood and endothelial cells contribute to normal haemostasis. TF
and thus fibrin incorporation into clots is dependent on the interaction between P-selectin glycoprotein ligand 1/TF-bearing microparticles from
leukocytes and P-selectin on platelets adherent to
damaged tissue [80]. Procoagulant microparticle
production increases in trauma [81] and contributes
to prothrombotic changes [82].
It has been argued by some that the initial
picture seen in ATC is due to DIC [52,83]. However,
although the early coagulation screen changes of
ATC may resemble DIC resulting in a positive ISTH
DIC score, there is no evidence of inappropriate
disseminated clot formation on histological examination [84] – clot formation occurs only at the site
of injury, so by definition early ATC is not DIC.

reactive to a proactive approach [87–92]. None of
the scoring systems, however, have the sensitivity to
identify all patients at risk of coagulopathy and
massive blood loss; any patient with major injury
should therefore be assumed to be at risk [91].

METHODS FOR ACUTE TRAUMATIC
COAGULOPATHY DIAGNOSIS AND
MONITORING OF HAEMOSTATIC
CHANGES
Standard laboratory tests
These include PT-based assays (PT, PTr and INR),
APTT and Clauss fibrinogen. The PT/INR has been
suggested as the more sensitive test to the multiple
coagulation factor deficiencies, and therefore a better marker of ATC [53]. The current advantages of
using standard tests are that every laboratory can
provide these results; they have a use in guiding
plasma product administration and predicting
mortality [9].
Originally, the PT and APTT tests were designed
to evaluate clotting factor deficiencies, not acquired
coagulopathy, and are not predictors of later bleeding in these circumstances [93]. Moreover, they do
not evaluate platelet number and function, fibrinolysis, thrombin generation or the interactions
between coagulation proteases and phospholipid
surfaces. Furthermore, turnaround times from
sampling to obtaining results from the routine
laboratory may be over an hour [12]. It is for these
reasons that plasma-based coagulation tests have
limited value in the immediate management of
ATC, but they do have a major value in longitudinal
monitoring during ongoing bleeding to guide the
use of appropriate blood components.

Viscoelastic tests
THE CLINICAL IMPORTANCE OF
IDENTIFYING COAGULOPATHY
The hypothesis that the extent of coagulation activation will relate to the degree by which blood is
exposed to TF on damaged tissues is supported by
data showing that the severely injured are more
likely to have ATC [4], have haemorrhagic shock
[39], require transfusion support [61] and are most at
risk of worsening coagulopathy and death [3,85,86].

Prediction of coagulopathy
A variety of scoring systems have been published
for adults and children with injury, which aim to
predict which patients will develop severe haemorrhage and thus shift clinical management from a
642
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Increasingly, TEG and ROTEM are being used in the
trauma setting [46,65,68,73]. Overall, minimally
injured patients tend to have normal traces, and
moderate or severe trauma may be associated with
TEG changes [65,71,94]. TEG and ROTEM have a
role in the assessment of severe fibrinolytic activity
but are not sensitive enough to detect more limited
lytic activity [69]. Increased fibrinolytic activity,
when detected by viscoelastic testing, is associated
with a poor prognosis. Schochl et al. [67] and other
authors arbitrarily used the term ‘hyperfibrinolysis’
for lysis greater than a certain maximal amplitude
on ROTEM testing (Schochl uses 15%). However,
confusion has arisen with this TEG/ROTEM-associated terminology because traditionally hyperfibrinolysis describes a situation in which fibrinolytic
Volume 20 ! Number 6 ! December 2014
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activity is greater than fibrin formation, clot integrity is threatened, and there is clot breakdown [45]
rather than a loose term used simply to describe
increased evidence of fibrinolysis (Table 2). Therefore, there is a suggestion that the term ‘TEG hyperfibrinolysis’ be used in relation to the TEG
viscoelastic measurements [95].
There is as yet no agreed viscoelastic definition
of ATC, although the changes seen include the
following: increases in clotting time and clot formation time, and reduction in clot amplitude and
maximal clot amplitude [12,47,63,67]. One study
[12] using ROTEM reported an EXTEM CA5 (clot
amplitude at 5 min) value of <36 mm as diagnostic
of ATC. Another study [95] suggests that TEG or
ROTEM A10 correlates best with platelet count and
fibrinogen level and predicted transfusion needs.
Advocates for viscoelastic testing argue that the
ability to distinguish different haemostatic abnormalities provides a means of individualizing coagulation management [44,68,96]. However, there are
no validated ROTEM and TEG algorithms in trauma
and external quality assurance schemes are at an
early stage. As with standard laboratory tests, viscoelastic tests are routinely performed at 378C, and
results will underestimate coagulation disturbances
in a hypothermic patient.

CONCLUSION
Despite the many advances in our understanding of
ATC in the last decade, further clinical observational
studies are required to further our understanding of
the pathophysiology of traumatic coagulopathy and
thus inform the direction of future studies to
improve haemostatic management and outcome.
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Airway and ventilator management in trauma
patients
Stefan K. Beckers a,c, Jörg C. Brokmann b, and Rolf Rossaint a

Purpose of review
Securing the airway to provide sufficient oxygenation and ventilation is of paramount importance in the
management of all types of emergency patients. Particularly in severely injured patients, strategies should
be adapted according to useful recent literature findings.
Recent findings
The role of out-of-hospital endotracheal intubation in patients with severe traumatic brain injury as
prevention of hypoxia still persists, and the ideal neuromuscular blocking agent will be a target of
research. Standardized monitoring, including capnography and the use of standardized medication
protocols without etomidate, can reduce further complications. Prophylactic noninvasive ventilation may be
useful for patients with blunt chest trauma without respiratory insufficiency.
Summary
An algorithm-based approach to airway management can prevent complications due to inadequate
oxygenation or procedural difficulties in trauma patients; therefore, advanced equipment for handling a
difficult airway is needed. After securing the airway, ventilation must be monitored by capnography, and
normoventilation involving the early use of protective ventilation with low-tidal volume and moderate
positive end-expiratory pressure must be the target.
After early identification of patients with blunt chest trauma at risk for respiratory failure, noninvasive
ventilation might be a treatment strategy, which should be evaluated in future research.
Keywords
airway management, emergency management, intubation, prehospital, ventilation

INTRODUCTION
Effective management of the airway is a central issue
in emergency and critical care medicine for providing sufficient oxygenation and ventilation and for
preventing gastric, debris or blood aspiration in
trauma patients. Endotracheal intubation (ETI) as
a standard procedure in anesthesiology and intensive care medicine continues to be the gold standard
for protecting the airway in the emergency medicine
settings, both pre and in-hospital [1]. Algorithmbased strategies are well established and widely
accepted in international course strategies for the
prehospital (e.g., prehospital trauma life support)
and in-hospital (e.g., advanced trauma life support)
treatment of trauma patients, in which ‘A’
represents the ‘airway’ and ‘B’ subsumes all diagnostic and procedural tasks for ‘breathing’ [2–4].

INDICATIONS FOR AIRWAY
MANAGEMENT IN TRAUMA
Severe multiple injuries are always associated
with impaired tissue oxygenation and the risk of
www.co-criticalcare.com

overall damage to the affected human organism.
Therefore, oxygen uptake is essential. In many
patients, adequate oxygenation can only be sufficiently provided via controlled or assisted mechanical ventilation using a secured airway. Following
international recommendations and guidelines,
ETI represents the gold standard for this task
[1,3,5]. In detail, there are widely accepted, specific
recommendations for the application of ETI and
further ventilation in trauma patients for hypoxia
(SpO2 < 90%), despite the administration of oxygen
(e.g., by nasal or face mask) and after exclusion of a
a
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KEY POINTS
! Adequate airway and ventilator management focus on
preventing hypoxia, hypocapnia or hypercapnia.
! The role of ETI in patients with severe TBI and
respective strategies for out-of-hospital management
remains unclear, and more work is required to
determine the ideal neuromuscular blocking agent.
! After securing the airway with a standardized
medication protocol for RSI, ventilation must be
monitored by capnography, and normoventilation that
involves the early use of protective ventilation with lowtidal volume and moderate PEEP should be the target.
! NIV is a useful prophylactic strategy in patients
suffering from blunt chest trauma to reduce the
occurrence of respiratory failure, but it requires
further study.

tension pneumothorax. First, severe traumatic
brain injury (TBI) is categorized with a Glasgow
Coma Scale of less than nine for in-hospital and
out-of-hospital emergency situations [5,6]. In fact,
studies have demonstrated that ETI in patients
with TBI improved not only the hemodynamic
parameters and end-tidal carbon dioxide but also
survival [7,8]. Patients with multiple trauma and
TBI often suffer from hypoxia in combination with
hemodynamic instability, and in these cases, ETI is
indicated to prevent further secondary brain
damage [9,10]. Indications of ETI in trauma patients
are as follows:
(1) hypoxia (SpO2 < 90%);
(2) impending airway obstruction (e.g., hemorrhage, swelling);
(3) severe TBI, categorized with a Glasgow Coma
Scale of less than nine;
(4) severe chest trauma with respiratory failure;
(5) hemodynamic instability (RRsys < 90 mmHg)
related to trauma.
Another certain indication for ETI is severe chest
trauma with respiratory failure, for example, as a
result of pulmonary contusion or serial rib fractures
with an unstable thorax, if other basic procedures
are not effective for ensuring sufficient oxygenation
[5]. However, registry results from a matched-pair
analysis must be considered for risk stratification,
wherein no benefit for ETI can be observed in
patients with severe thoracic trauma without respiratory insufficiency [11]. Concerning the time point
of emergency anesthesia and ETI, studies have
suggested the prehospital use of ETI, or at least its
use in the trauma room [12,13], and it is classified as

well tolerated and effective, with success rates of
98.7 and 96.6%, respectively [13,14]. A retrospective
evaluation of overall 4317 patients (3571 prehospital vs. 746 in-hospital ETI) showed that in-hospital
ETI was particularly associated with an increased risk
of a poor outcome (P < 0.0001) [15]. Conversely, a
regional evaluation examined different airway management techniques for out-of-hospital patients
with TBI in association with the outcome and found
poor outcomes following rapid sequence induction
(RSI), in contrast to the widespread assumption that
aggressive airway management is associated with
better outcomes [9,16 ]. A recently published study
evaluated data from the Resuscitation Outcomes
Consortium Hypertonic Saline Trial in a secondary
analysis and examined the associations between
out-of-hospital and emergency department airway
management with respect to outcome in patients
with isolated severe TBI or hemorrhagic shock.
Overall, 1116 patients with TBI and 528 with
hemorrhagic shock were included, and the authors
reported that out-of-hospital airway management is
linked to a tendency to increased mortality, particularly in presence of hemorrhagic shock, but without
statistical difference [17 ]. Based on these facts, the
conclusion of Boer et al. [18], that is, that there is
broad consensus that ‘adequate airway management, prevention of hypoxia, hypocapnia or hypercapnia, prevention of hypotension and control
of hemorrhage represent preclinical therapeutic
modalities that may contribute to improved survival
in severe TBI’ remains current. In fact, their postulation that randomized controlled trials (RCTs) are
particularly helpful for evaluating the optimal
strategies for different emergency medical systems
must be highly emphasized. Nevertheless, beside
such studies we might learn also a lot from comparative effectiveness research using large prospective registries.
&

&&

PREPARATION AND FACTORS TO
CONSIDER
Oxygenation of the organism, not the endotracheal placement of a tube itself, is of chief importance in the airway management procedure [19 ].
Therefore, preoxygenation, if feasible, which is
performed using a facemask with high-flow oxygen
in patients in whom it is still feasible, is useful for
providing optimal ETI conditions not only for an
expected difficult airway setting but also in
severely injured patients [3,20]. However, preoxygenation before ETI should be limited to 3–5 min,
since doubling the time of oxygenation from 4 to
8 min was on the one hand not associated with
significant improvement in the arterial pO2 and on
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the other hand associated with the potential risk of
delayed airway management procedures in critical
patients [21].
Moreover, it has to be realized that the conditions for patients who require ETI in the out-ofhospital emergency setting are challenging and
influenced by several factors that are worth considering [3]. A 10-year evaluation of 6088 trauma
patients with airway management identified direct
injury of the head or neck with loss of the normal
anatomy of the upper airway, pharyngeal tumor and
laryngospasm as the main risk factors for difficult
airway management situations [12]. In fact, difficult
situations for ETI are often obvious, such as maxillofacial trauma, which is known as an independent
predictor for difficult airway management [22];
facial bleeding or neck tumors, in which strategies
should anticipate possible complications [23,24].
The summary of possible aggravating factors to
consider in prehospital ETI is given as follows
[24,25] (compilation of factors that can complicate
prehospital intubation. The corresponding categories can be almost 1 : 1 transferred for in-hospital
situations.):
(1) patient site
(a) blood, secretions or vomit;
(b) traumatic or thermal damage of the upper
respiratory tract;
(c) inflammation or swelling of the upper airways;
(d) subcutaneous emphysema;
(e) immobilization of the cervical spine;
(f) no or limited preoxygenation;
(g) inadequate depth of anesthesia;
(h) no neuromuscular blockade;
(i) usually no awake intubation features are
available in the airways that are anticipated
to be difficult;
(2) due to situation and site
(a) simultaneous tasks or procedures to provide
(e.g., chest compressions);
(b) environmental conditions (e.g., lighting,
noise);
(c) restricted access to patient;
(d) limited equipment;
(e) differing teams;
(f) missing or not successfully communicated
standards;
(g) lack of competent support on-site.
Table 1 identifies general risk factors associated
with a difficult airway [26]. The following list gives
an overview of the recommendations for securing
the airway in emergency medical settings (given by
the Working Group in Emergency Medicine of the
628
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Table 1. Identified risk factors associated with a difficult
airway
History

Previously noted difficulties
Male
Age 40–59
Diabetes
Acromegaly
Rheumatoid arthritis
Obstructive sleep apnea
Head and neck surgery, radiation

Physical exam

Obesity
Upper airway trauma, burn or swelling
Large tongue
Receding jaw
High arched palate
Prominent upper incisors
Short thick neck
Fixed or ‘high’ larynx
Mouth opening <4 cm
Mallampati class 3 or 4
Thyromental distance <6 cm
Reduced head/neck mobility
&

Adapted from [19 ,26].

German Society for Anesthesiology and Intensive
Care Medicine) [25].
(1) Critical review of the indication for invasive
airway management;
(2) If possible, application of an adequate preoxygenation with high FiO2 before any invasive
airway management [ETI or extraglottic airway
(EGA)];
(3) Endotracheal tube as the gold standard, but
only if at least 100 documented ETIs occur in
patients under supervision and carried out 10
ETIs/year;
(4) EGA as the primary access when the abovementioned requirements cannot be fulfilled
and if 10 applications are documented under
supervision and three EGAs/year were performed, or an alternative for difficult intubation;
(5) Use of EGA with drainage and placing a stomach
tube or an intubating laryngeal mask airway;
(6) Use of video laryngoscopy is possible as an
alternative when there is sufficient internal
clinical experience;
(7) Optimized mask ventilation (two-handed,
double C-handle), optimal head positioning
þ/" matching Guedel and with a high FiO2
between two intubation attempts, particularly
in children;
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(8) No application of cricoid pressure as prophylaxes for aspiration;
(9) Continuous capnography after each airway
management procedure;
(10) Communication of standards and corporate
training of emergency teams.

study including 1045 patients demonstrated more
successful RSI with fewer intubation attempts for
succinylcholine compared with rocuronium [37],
but prospective randomized trials are needed to clarify this topic.

ALTERNATIVE TECHNIQUES
MEDICATION
Airway management for ETI as part of emergency
anesthesia should be performed as RSI to ensure that
the airway is secured as quickly and safely as possible
[27–29]. This approach is described to be sufficient
and effective in the hands of experienced anesthesiologists [12], whereas a nonstructured usage is
associated with increased patient mortality [3]. For
RSI, the application of a neuromuscular blocking
agent and a sedative agent is necessary. For many
years, etomidate was the first-line medication
because of its hemodynamic stability, but several
studies have called the previous strategies into question. One retrospective study [30] showed an
increased risk for acute respiratory distress syndrome with multiorgan failure and a prolonged
length of hospital stay and ventilator days for
patients treated with a single dose of etomidate.
Additionally, a prospective and randomized trial
reported a prolonged stay in the ICU and an
increased rate of ventilator days and length of hospital stay following etomidate use [31].
For the analgetic part of emergency anesthesia,
fentanyl or sufentanil for hemodynamically stable
patients and ketamine for hemodynamically
unstable patients are commonly used; anesthetic
agents are often used depending on the different
conditions, such as the hemodynamic status, pattern of injuries and experience of the user [32,33].
Recent literature follows this line of research and
supports the substitution of etomidate by ketamine
without negatively influencing the hemodynamic
parameters in both prehospital [34 ] and in-hospital
settings [35]. Additionally, Ballow et al. [35] reported
an RSI medication protocol for simplifying the airway management strategy to avoid potential complications.
With respect to the neuromuscular blocking
agent used, a Cochrane database review [36] evaluated 58 studies concerning the question of rocuronium vs. succinylcholine for RSI intubation, and
37 of these studies were included in the updated
analyses in 2008. This analysis reported no significant
difference in intubation conditions when succinylcholine was compared with 1.2 mg/kg rocuronium,
but the study team finally concluded that succinylcholine was clinically superior because of its shorter
duration of action. In fact, another observational
&

Even if ETI remains the gold standard for airway
management in trauma patients, alternative equipment should be available and techniques must be
considered in a structured approach after a maximum of three insufficient attempts [27–29]. In fact,
several adjuncts and technical equipment have been
developed [38] for use if ETI is not possible, but
specific training is required to efficiently handle
these tools. A commonly used tool is the laryngeal
mask airway and its different variations, such as the
intubating laryngeal mask airway, which has proven
successful after failed direct laryngoscopy in patients
with predicted difficult airways [39,40]. Using
video-guided airway management technology, this
invention might represent a theoretically optimal
solution in cases of predicted or unpredicted difficult airways. In an RCT using the direct laryngoscope or the GlideScope (Verathon Inc., Bothell,
USA) video laryngoscope, 623 in-hospital patients
were included; there was no difference in survival to
hospital discharge in the observed patients [41 ].
However, use of GlideScope was associated with
longer intubation times than direct laryngoscopy
and in the subgroup of severe head injury trauma
patients was associated with a greater incidence of
hypoxia (SaO2 ! 80%) and mortality.
&

VENTILATION AND MONITORING
The complication with the utmost fatal consequence in airway management with ETI is undiscovered esophageal intubation, which has an
incidence rate reported to range from less than 1
[42] to 17% [43], with mortality rates reaching 80%
[44]. Therefore, it is widely accepted that strategies
to prevent esophageal intubation, such as a standardized check, verification of endotracheal tube
placement and ventilation monitoring, are necessary. It is evident that the inclusion of capnography
can sufficiently detect esophageal misplacement
[45,46], so it is therefore also part of the international guidelines and recommendations for treating patients with cardiac arrest [1,47 ]. Additionally,
capnography is also the gold standard for ensuring
adequate ventilation during mechanical ventilation
and is effective for preventing hypocapnia and
hypercapnia as well as hypoventilation and hyperventilation. Further, particularly for patients with
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Table 2. Outcomes associated with noninvasive ventilation
Study (design)
Hernandez et al. (2010) [56]
(RCT)

Severity of
hypoxemia

Need for intubation
due to failure of NIV

Pneumothorax Mortality

PaO2/FiO2 !200 12% in NIV vs. 40% in 8% in NIV vs. 12% 24% in NIV
4% in NIV vs. 4% in
for >8 h
high-flow oxygen
in high-flow
vs. 12% in
high-flow oxygen
group
oxygen group
high-flow
group
oxygen group

Gunduz et al. (2005) [57] (RCT) PaO2/FiO2 !300 17%a

Bolliger and Van
Eeden (1990) [58] (RCT)

Nosocomial
infection

PaO2/FiO2 "150 –

9%

–

9%

13.8%

5.5%

0

Data are reported as rates (%) for all variables.
NIV, noninvasive ventilation; RCT, randomized controlled trial.
a
The rate of intubation was not reported in the journal text, and patients requiring ETI were excluded from the analysis.
&&
Adapted from [55 ].

TBI, excessive deviations in both directions should
be prevented because the data support a trend to
mortality reduction [48–51]; a particularly low
PaCO2 upon arrival in the emergency department
is associated with fatal outcomes [52].
Observational studies suggest that even in
patients with normal lung function, the use of a
large tidal volume could result in lung injury
[53,54]; thus, a tidal volume of 6 ml/kg predicted
body weight or even less is part of the protective
ventilation recommendations.
A recently published systematic review [55 ]
examined the safety and efficacy of noninvasive
ventilation (NIV) in patients with blunt chest
trauma. These authors stated that although only
nine studies were included in their analysis (three
RCTs, two retrospective cohort studies and four
observational studies without a control group),
there might be a role for the early use of NIV in
these patients. This finding is based on the data from
one RCT, which suggested that the early identification of at-risk patients with the consequent
initiation of NIV resulted in lower intubation rates
(12 vs. 40%) [56]. Table 2 [55 ,56–58] summarizes
the outcomes (only the analyzed RCTs are displayed) associated with NIV.
&&

&&

CONCLUSION
A strategic and algorithm-based systematic
approach to airway management can prevent complications that arise due to inadequate oxygenation
or procedural difficulties in trauma patients; therefore, advanced equipment for handling difficult airways must be available. Additionally, standardized
monitoring, including capnography and the use of
standardized medication protocols without etomidate, can reduce further complications. Overall, the
role of ETI in patients with severe TBI and strategies
for out-of-hospital management remain unclear,
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and identifying the ideal neuromuscular blocking
agent is a subject for future research.
Ventilation can affect the outcome of severely
injured patients; therefore, ensuring normoventilation and preventing hyperventilation should be
helpful.
After the early identification of patients with
blunt chest trauma at risk for respiratory failure,
NIV might be a treatment strategy, even if this
has had to be the subject of research in the future.
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Fluid resuscitation and vasopressors in severe
trauma patients
Anatole Harrois a,b, Sophie Rym Hamada a, and Jacques Duranteau a,b

Purpose of review
To discuss the fluid resuscitation and the vasopressor support in severe trauma patients.
Recent findings
A critical point is to prevent a potential increase in bleeding by an overly aggressive resuscitative strategy.
Indeed, large-volume fluid replacement may promote coagulopathy by diluting coagulation factors.
Moreover, an excessive level of mean arterial pressure may induce bleeding by preventing clot formation.
Summary
Fluid resuscitation is the first-line therapy to restore intravascular volume and to prevent cardiac arrest. Thus,
fluid resuscitation before bleeding control must be limited to the bare minimum to maintain arterial pressure
to minimize dilution of coagulation factors and complications of over fluid resuscitation. However, a
strategy of low fluid resuscitation needs to be handled in a flexible way and to be balanced considering
the severity of the hemorrhage and the transport time. A target systolic arterial pressure of 80–90 mmHg is
recommended until the control of hemorrhage in trauma patients without brain injury. In addition to fluid
resuscitation, early vasopressor support may be required to restore arterial pressure and prevent excessive
fluid resuscitation. It is crucial to find the best alchemy between fluid resuscitation and vasopressors, to
consider hemodynamic monitoring and to establish trauma resuscitative protocols.
Keywords
coagulopathy, fluid resuscitation, hemorrhagic shock, severe trauma patients, vasopressor

INTRODUCTION
Trauma injury remains the leading cause of death
among people aged less than 44 years with 40% of
trauma deaths imputable to uncontrolled hemorrhagic shock or its consequences (multiorgan failure)
and 50% due to severe traumatic brain injury during
the first 24 h of care [1]. In severe trauma patients, the
hemodynamic management during the first hours is
crucial to insure an acceptable tissue perfusion before
hemorrhage control. A critical point of the hemodynamic resuscitation of traumatic hemorrhagic shock
is to prevent a potential increase in bleeding by an
overly aggressive resuscitative strategy. Excessive
fluid resuscitation may promote coagulopathy by
diluting coagulation factors and inducing hypothermia. Moreover, an excessive level of mean arterial
pressure (MAP) may induce bleeding by preventing
clot formation. Delayed fluid resuscitation was
reported to increase survival in comparison with
immediate fluid resuscitation in penetrative torso
injuries [2]. However, fluid resuscitation remains
the first-line therapy to restore intravascular volume
and arterial pressure, and to prevent cardiac arrest in
www.co-criticalcare.com

traumatic hemorrhage. Thus, a strategy of lowvolume resuscitation needs to be handled in a flexible
way and be balanced considering the severity of the
hemorrhage and the transport time. A recent study
even showed that prehospital fluid administration
decreased in-hospital mortality in trauma patients
[3 ]. Vasopressor agents may also be transiently
required in the presence of life-threatening hypotension. In addition, the early use of vasopressors could
limit fluid resuscitation and consecutive hemodilution. Lastly, vasopressors are needed to achieve high
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rue du Général Leclerc, 94275 Le Kremlin Bicêtre, France. Tel: +33 1 45
21 34 41; fax: +33 1 45 21 28 75; e-mail: Jacques.Duranteau@bct.
aphp.fr
Curr Opin Crit Care 2014, 20:632–637
DOI:10.1097/MCC.0000000000000159
Volume 20 ! Number 6 ! December 2014

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Fluid resuscitation and vasopressors Harrois et al.

KEY POINTS
# Fluid loading is the first resuscitative therapy to reverse
hypotension in severe trauma patients.
# A strategy of low fluid resuscitation needs to be
handled in a flexible way and be balanced considering
the severity of the hemorrhage and the transport time.
# A target systolic blood pressure of 80–90 mmHg until
major bleeding control is recommended following
trauma without brain injury.
# A vasopressor may be required when hypotension
persists despite fluid resuscitation in severe trauma
patients.
# A vasopressor should be administered very early with
fluid resuscitation to achieve high MAP goals
(MAP>80 mmHg) in severe brain-injured patients.

MAP targets ensuring an adequate tissue perfusion in
case of severe traumatic brain injury. Thus, clear
understanding of the respective roles of fluid resuscitation and vasopressors is crucial to establish
trauma resuscitative protocols to improve the initial
hemodynamic management of trauma patients.

FLUID RESUSCITATION
Fluid resuscitation is the first step in the hemodynamic management of traumatic hemorrhagic
shock. Restoring intravascular volume is effective
to reverse tissue hypoperfusion [4,5] and to correct
oxygen debt [6] during the initial phase of hemorrhagic shock. However, excessive fluid resuscitation
could contribute to the development of the coagulopathy of trauma [7,8] and of tissue edema, which
can lead to alterations of tissue perfusion and complications such as abdominal compartment syndrome or adult respiratory distress syndrome
[9,10]. In line with this, previous studies supported
the concept of transferring the patient as quickly as
possible to the trauma center with restrictive fluid
resuscitation until the time of bleeding control
[2,11]. Thus, fluid administration before bleeding
control must be limited to the bare minimum to
maintain arterial pressure to minimize dilution of
coagulation factors and complications of over fluid
resuscitation. Recently, in an observational clinical
study conducted in 1200 patients [median ISS ¼ 25
(16–35)] at 10 level 1 trauma centers in the United
States, 83 and 89% of the trauma patients who
require massive blood transfusions had prehospital
(600 " 735 ml) and first 30 min in emergency department (836 " 998.8 ml) resuscitative fluids, respectively [3 ]. In this study, prehospital intravenous
&&

fluid volumes were associated with decreased inhospital mortality in trauma patients as compared
with patients who did not receive prehospital intravenous fluid. As is the rule in US trauma centers,
fluid resuscitation was predominantly crystalloid
based using normal saline (NaCl 0.9%) or Lactate
Ringer [3 ]. Thus, the first key message is that fluid
resuscitation remains the first-line therapy to restore
intravascular volume and correct hypotension and
that a strategy of low-volume resuscitation needs to
be balanced considering the severity of hemorrhage
and the time to transfer the patient. A second key
message is that fluid resuscitation has to be guided as
soon as possible by hemodynamic monitoring to
optimize its adequacy with tissue perfusion.
Concerning the choice of the type of fluid for
resuscitation, there is no clear evidence in the literature that indicated one of the fluids is better or
worse in trauma patients. The main perceived
benefit of colloids is that colloids can induce a more
rapid and persistent plasma expansion because of a
larger increase in oncotic pressure. However,
randomized comparisons of fluid resuscitation with
hydroxyethyl starch (HES) 130/0.4 versus normal
saline in trauma patients have not always shown a
superiority of HES on the recovery of tissue perfusion (i.e., lactate clearance) and showed no difference in fluid requirements and maximum SOFA
scores [12]. But, it should be borne in mind that
in this latter study patients in the HES group were
more severely injured than those in the saline group.
As regards a potential effect on mortality, the CHEST
study failed to show that a fluid strategy using HES
130/0.4 (versus NaCl 0.9%) decreased the mortality
in ICU patients and in particular in the subgroup of
trauma patients [13]. In addition, there is continuing concern about the effects of HES on coagulation.
HES has the potential to decrease the Von Willebrand factor level and to interfere with the polymerization of fibrinogen and the platelet function.
Studies that address the assessment of hemostasis
by thromboelastography reported that HES infusion
resulted in a weaker clot with a less stable fibrin
network and less firm aggregation of platelets than
did crystalloid or human albumin [14]. This can lead
to greater needs for red blood cells transfusions
[12,13]. Because of these effects, the use of HES is
discussed at the initial phase of hemorrhagic shock.
All in all, alteration of coagulation and potential
deleterious kidney effects observed with last generation of HES prompted the European Medicines
Agency to drastically limit usage of HES [15 ].
The European Medicines Agency recommended
not to use HES in sepsis patients and to limit their
use in hemorrhagic shock patients only when crystalloids alone are not considered sufficient [15 ]. In
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addition, HES is contraindicated in the case of coagulopathy.
As regards the other synthetic colloids, coagulation [16] and kidney function alterations [17] have
been described with gelatins, but high-quality studies are lacking to know if these recommendations
have to be extended to them.
The SAFE study has shown that albumin does
not interfere with coagulation and kidney functions
[18]. However, in the subgroup of trauma patients,
especially in patients with traumatic brain injury, a
negative trend in the relative risk of death was
observed with albumin (versus saline) [19]. This
finding was attributed to the albumin-induced
increase in intracranial pressure due to its hypoosmolarity [20].
Hypertonic saline (HTS, 7.5% saline with or
without colloid) has long been considered as an
interesting fluid in trauma patients. Potential
benefits of HTS include restoration of intravascular
volume with the administration of a small volume,
reduction of intracranial pressure in trauma brain
injury, and modulation of the inflammatory
response. However, HTS failed to improve outcomes
in patients with hemorrhagic shock or with severe
traumatic brain injury [21–23].

VASOPRESSORS
When hypotension persists despite fluid resuscitation, vasopressor agents may be required to restore
tissue perfusion and sustain life. In traumatic hemorrhagic shock, the sympathetic response induces
both arterial and venous a-adrenergic stimulation.
In addition to arterial vasoconstrictive effect, sympathetic response induces venoconstriction in the
capacitance vessels (especially at the level of
splanchnic circulation), which actively shifts the
venous blood volume from the unstressed volume
(i.e., the blood volume that fills the blood vessels
without generating an intravascular pressure) to the
stressed volume with subsequent increase in venous
return. In healthy patients, these physiologic adaptations are able to maintain MAP despite a significant amount of blood loss (!1500–2000 ml) [24].
Sympathetic vasoconstriction also leads to volume
transfer from the interstitial to the intravascular
compartment [25]. This sympathetic response is
crucial to fight against the hemorrhage. However,
several factors can make this response less effective
in trauma. Sedation is the main competitor with the
sympathetic response. In addition, systemic inflammatory response syndrome occurs promptly after
trauma with peripheral vasoplegia related to
increase of circulating cytokines such as HMGB1
(high-mobility group protein B1) [26], damage
634
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associated mitochondrial proteins [27], and excessive NO production [28,29]. Inflammation in
trauma is the result of a combination of three
elements: the traumatic injury, the tissue hypoxia,
and the reperfusion injury. Endogenous opioid
peptides also contribute to peripheral vasoplegia
during hemorrhagic shock as delta-opioid receptor
antagonists can restore MAP in an experimental
model of uncontrolled hemorrhagic shock [30].
Moreover, it is clear that a spinal cord injury could
be responsible for vasomotor paralysis. Finally, hemorrhagic shock progressively becomes a combination of hypovolemia and vasoplegia.
For all of those reasons, it appears appropriate to
support the sympathetic response during moderateto-severe traumatic hemorrhage by exogenous vasopressor infusion in addition to fluid resuscitation. It is
important to understand that fluid resuscitation is
more efficient when the cardiovascular system is
stressed by the sympathetic response or exogenous
vasopressor. In addition, vasopressors are needed to
obtain high MAP targets ensuring an adequate tissue
perfusion in case of severe trauma brain injury. Moreover, the early use of vasopressors could limit fluid
resuscitation and hemodilution. Several experimental studies reported the beneficial effect of exogenous
vasopressor infusion (mainly norepinephrine) in
addition to fluid resuscitation. Indeed, in a lethal
model of uncontrolled hemorrhagic shock in rats,
Lee et al. [31] observed a higher survival rate in rats
receiving a fixed dose of norepinephrine in addition
to a fixed fluid resuscitation volume. A similar result
was obtained using vasopressin [32 ]. In these last two
experimental studies, vasopressors enhanced a sympathetic tone that seems to be more or less exhausted
after prolonged hemorrhage. In a study by Poloujadoff et al. [33], a MAP-directed resuscitation of uncontrolled hemorrhagic shock in rats was undertaken
with fluid alone or fluid and norepinephrine. Either
for a targeted MAP of 40 mmHg or 80 mmHg, the
survival was higher in groups resuscitated with fluid
and norepinephrine than in groups resuscitated with
fluid without norepinephrine. Moreover, bleeding
amount and resuscitation fluid amount were smaller
in groups resuscitated with fluids and norepinephrine [33].
Unfortunately, there are only few clinical trials
that have investigated the effects of vasopressors in
trauma patients, and their use in hemorrhagic shock
remains controversial. Two retrospective studies
reported an independent association between vasopressor exposure during the 24 h posttrauma and
mortality rate [34,35 ]. However, despite the methodological efforts of authors, a number of limitations
must be highlighted because of the retrospective
nature of the analysis. In particular, the specific
&
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indications for vasopressor use and the timing of
vasopressor use are really unknown. This point is
crucial to establish who had vasopressor use as a
salvage therapy. The type of vasopressors given is
also a crucial point to take into account. For instance,
in the Plurad et al. [35 ] study, the most commonly
used agent was dopamine, which is a dosage dependent and a b-adrenergic drug with weak a-adrenergic
effects. Lastly, there is no clear resuscitation protocol
in these studies with the risk of changes in hemodynamic resuscitative strategies over the study period.
Thus, independently of the quality of these studies, it
remains unclear whether vasopressor use is, in itself,
detrimental or simply a marker for poor outcome in
trauma patients. Cohn et al. [36 ] performed a prospective, randomized trial of low-dose vasopressin
(2.4 IU/h for 5 h at arrival to the emergency department) versus placebo and found a statistically significantly lower requirement for crystalloids, total fluids
or blood in the first 24 h and 5 days. Despite the
limitations of this study, in particular, the small
number of patients and the fact that authors were
forced to terminate the trial early because of accrual
problems, these results were very encouraging to
continue to explore the early use of vasopressors in
trauma resuscitative strategies.
Because vasopressors may increase cardiac after
load, in particular when there is an excessive infusion rate or impaired left ventricular function, it is
essential to assess cardiac function during the initial
ultrasound examination. This point is crucial
because cardiac dysfunction may be altered in
trauma patients after cardiac contusion, pericardial
effusion, or secondary to brain injury with intracranial hypertension.
&

&&

stopped in the initial phase following trauma without brain injury [39 ]. When traumatic hemorrhagic shock is associated with severe brain injury,
cerebral perfusion pressure must be maintained by
increasing the MAP at least 80 mmHg to prevent
secondary brain injury [39 ]. It becomes clear that
the major challenges to obtaining the best alchemy
between fluid resuscitation and vasopressors are
to consider hemodynamic monitoring as soon as
possible and to establish clear trauma resuscitative
protocols. Hemodynamic monitoring aims at avoiding the side-effects of excessive fluid resuscitation or
excessive vasoconstriction due to vasopressors leading to tissue hypoperfusion. It is usually difficult to
get sophisticated hemodynamic monitoring at the
initial phase of traumatic hemorrhagic shock and
invasive arterial pressure is the main parameter that
guides resuscitative strategy until the bleeding is
controlled. But clearly, we need, as soon as possible,
preload and cardiac indices to make the good balance between fluid resuscitation and vasopressors’
needs. On the one hand, fluid resuscitation will only
be completely effective if vasoconstrictive tonus is
present. One the other hand, the vasopressor action
will be complete if the unstressed blood volume can
be recruited. A balance between these two therapies
seems therefore necessary to optimize hemodynamic status of trauma patients with hemorrhagic
shock.
Additionally, despite adequate fluid resuscitation and arterial blood pressure stabilization, only
blood transfusion can support tissue hemoglobin
level. Thus, one key message is that we must consider blood transfusion early during the management of traumatic hemorrhagic shock to improve
oxygen delivery.
&&
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GOALS OF FLUID RESUSCITATION AND
BLOOD PRESSURE

CONCLUSION

As we have seen above, fluid administration before
bleeding control must be limited to the bare minimum to maintain arterial pressure to minimize
dilution of coagulation factors and complications
of over fluid resuscitation. The optimal level of
blood pressure during the resuscitation of the hemorrhagic shock patient is still debated. The initial
objectives are to control the bleeding as soon as
possible and to maintain a level of arterial pressure
that provides an adequate level of tissue perfusion
that, although lower than normal, is acceptable for
short periods. There are no stong data to define the
optimal blood pressure level during active hemorrhagic shock [37,38]. However, European guidelines
for the management of bleeding trauma patients
recommended a target systolic blood pressure of
80–90 mmHg until major bleeding has been

Fluid resuscitation is the first-line therapy to manage
hypotension and to prevent cardiac arrest in traumatic hemorrhage. Over fluid resuscitation could
contribute to the development of trauma coagulopathy and of tissue edema with alterations of tissue
perfusion and complications, such as abdominal
compartment syndrome and adult respiratory distress syndrome. Fluid administration before bleeding
control must be limited to the bare minimum to
maintain arterial pressure to minimize dilution of
coagulation factors and complications of over fluid
resuscitation. A strategy of low-volume resuscitation
needs to be handled in a flexible way and must take
into consideration the severity of hemorrhage and
the transport time. A target systolic blood pressure of
80–90 mmHg until major bleeding has been stopped
is recommended following trauma without brain
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injury. In addition to fluid resuscitation, early vasopressor support may be required to maintain arterial
pressure. It is clear that vasopressor support prevents
or delays cardiovascular collapse until bleeding control. Moreover, early vasopressor support could prevent excessive fluid resuscitation. In addition,
vasopressors are needed to obtain high MAP target
ensuring an adequate tissue perfusion in case of
severe trauma brain injury. To find the best alchemy
between fluid resuscitation and vasopressors, it is
crucial to consider hemodynamic monitoring as
soon as possible and to establish trauma resuscitative
protocols with clear hemodynamic goals. Resuscitation protocols that optimize the prehospital and
hospital’s fluid benefit while conscientiously avoiding an elevated blood pressure until the bleeding is
controlled should become standard.
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