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Abstract

risk of fluid overload and transfusion.

Managing trauma patients with hemorrhagic shock is complex and difficult. Despite our knowledge of the
pathophysiology of hemorrhagic shock in trauma patients that we have accumulated during recent decades, the
mortality rate of these patients remains high. In the acute phase of hemorrhage, the therapeutic priority is to stop
the bleeding as quickly as possible. As long as this bleeding is uncontrolled, the physician must maintain oxygen
delivery to limit tissue hypoxia, inflammation, and organ dysfunction. This process involves fluid resuscitation, the
use of vasopressors, and blood transfusion to prevent or correct acute coagulopathy of trauma. The optimal
resuscitative strategy is controversial. To move forward, we need to establish optimal therapeutic approaches with
clear objectives for fluid resuscitation, blood pressure, and hemoglobin levels to guide resuscitation and limit the
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Review

Introduction

Hemorrhage remains the major cause of preventable
death after trauma [1]. In the acute phase of hemorrhage,
the physician’s therapeutic priority is to stop the bleeding
as quickly as possible. Hemorrhagic shock is a pathologic
state in which intravascular volume and oxygen delivery
are impaired. As long as this bleeding is not controlled,
the physician must maintain oxygen delivery to limit tis-
sue hypoxia, inflammation, and organ dysfunction. This
procedure involves fluid resuscitation, use of vasopressors,
and blood transfusion to prevent or correct traumatic coa-
gulopathy. However, the optimal resuscitative strategy is
controversial: choice of fluid for resuscitation, the target of
hemodynamic goals for hemorrhage control, and the opti-
mal prevention of traumatic coagulopathy are questions
that remain. This review focuses on new insights into re-
suscitative strategies in traumatic hemorrhagic shock.

Fluid resuscitation
Fluid resuscitation is the first therapeutic intervention in
traumatic hemorrhagic shock. We discuss the choice of
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the type of fluid for resuscitation. There is no proof in
the literature that supports the superiority of one type of
fluid over another type of fluid in trauma patients. The
most important dual advantage that colloids have over
crystalloids is that colloids can induce a more rapid and
persistent plasma expansion because of a larger increase
in oncotic pressure, and they can quickly achieve circu-
latory goals. Although crystalloids are cheaper, research
findings have shown no survival benefit when colloids are
administered. However, resuscitation with large volumes
of crystalloids has been associated with tissue edema, an
increased incidence of abdominal compartment syndrome
[2], and hyperchloremic metabolic acidosis [3].

The SAFE study demonstrated that albumin adminis-
tration was safe for fluid resuscitation for intensive care
unit (ICU) patients and that there was no difference in
the mortality rate of patients who were treated with al-
bumin and saline [4]. In a subgroup of trauma patients,
the investigators observed a positive trend in benefit for
saline use over albumin use. This difference in the rela-
tive risk of death was due to the greater number of
patients, who had trauma and an associated brain injury
and who died after random assignment to the albumin-
treated group as opposed to the saline-treated group. No
mechanism was offered to account for this finding, but
the low hypo-osmolarity of albumin may increase the
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risk of brain edema. A recent Cochrane review [5] in
critically ill patients (patients with trauma, burns, or
after surgery) reported no evidence accumulated from
RCTs that resuscitation with colloids reduced the risk of
death compared with resuscitation with crystalloids. In a
review of clinical studies dating to 2002 with safety data
documented in ICU patients who received HES, gelatin,
dextran, or albumin, Groeneveld et al. [6] demonstrated
that impaired coagulation, clinical bleeding, and acute
kidney injury (AKI) were frequently reported after HES
infusion. Notably, this analysis was strongly influenced
by the VISEP study (Volume Substitution and Insulin
Therapy in Severe Sepsis study) [7], in which a former-
generation HES was used (200/0.5) with doses that
exceeded the recommended maximal doses. These meta-
analyses take into account heterogeneous populations of
patients with different therapeutic strategies. Recently,
Perner et al. [8] have shown an increased risk of death
(dead on day 90) in patients with severe sepsis who were
assigned to receive fluid resuscitation with HES 130/0.42
(6% HES 130/0.42 in Ringer’s acetate, last generation of
HES) compared with those who received Ringer’s acetate.
Moreover, more patients required renal-replacement ther-
apy in the HES 130/0.42 group (22%) than in the Ringer’s
acetate group (16%). In light of the shared pathophysio-
logical pathways with inflammation activation between
sepsis and trauma, the use of HES raises serious concerns
with respect to its safety in trauma patients [9].

Thus, there is an imperative need to study trauma
patients who are in hemorrhagic shock. Recently, a
double-blind, randomized, controlled study that com-
pared 0.9% saline vs. hydroxyethyl starch (HES 130/0.4)
was conducted in penetrating blunt trauma patients
who required >3 liters of fluid resuscitation [10]. In
patients with penetrating trauma (n = 67), the use of
HES (130/0.4) was associated with a better lactate clear-
ance, thus suggesting early resuscitation. Furthermore,
lower maximum SOFA scores and an absence of acute
renal injury were observed in the HES group. However,
in patients with blunt trauma (n = 42), there was no dif-
ference in fluid requirements, lactate clearance, and
maximum SOFA scores between the two groups. In
addition, a greater requirement for blood and blood
products was reported in the HES group with a signifi-
cantly greater alteration in coagulation (thromboelasto-
graphy). It is difficult to draw conclusions, because
patients in the HES group were more severely injured
than patients in the saline group; we should apply cau-
tion when we interpret the results, because the study is
based on a small sample size.

The last European guidelines for the management of
bleeding after severe injury [11] recommended that crys-
talloids should be applied initially to treat the bleeding
trauma patients and that the addition of colloids should
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be considered in hemodynamically unstable patients.
Among colloids, HES or gelatin solutions should be
used. The guidelines recommended using the new-
generation HES within the prescribed limits because of
the risks of AKI and alteration in coagulation.

Hypertonic saline (HTS) is an interesting tool in trau-
matic hemorrhagic shock. HTS has the major benefit of
rapidly expanding blood volume with the administration of
a small volume, especially if it is used with a colloid. Fur-
thermore, HTS can be used as a hyperosmolar agent in
patients with elevated intracranial pressure. However, HTS
failed to improve outcomes in recent RCTs [12,13]. Bulger
et al. [12] reported that HTS + dextran out-of-hospital
resuscitation did not decrease survival without acute re-
spiratory distress syndrome at 28 days in a blunt trauma
population with a prehospital systolic blood pressure (SAP)
< 90 mmHg. However, benefit was observed in the sub-
group of patients who required 10 U or more of packed
red blood cells in the first 24 h. Recently, the same authors
were unable to demonstrate an improvement in survival as
a result of out-of-hospital administration of SSH + dextran
in patients in hemorrhagic shock (SAP < 70 mmHg or
SAP 71-90 mmHg with heart rate > 108 bpm) [13]. More-
over, a higher mortality rate was observed in patients
who received HTS in the subgroup of patients who did
not receive any blood transfusions in the first 24 hr. To
explain this effect, the authors hypothesized that the
out-of-hospital administration of SSH could mask the signs
of hypovolemia and delay the diagnosis of hemorrhagic
shock. Finally, the out-of-hospital administration of SSH to
patients with severe traumatic brain injury did not improve
their neurological function recovery.

Vasoactive agents

Fluid resuscitation is the first strategy to restore mean
arterial pressure in hemorrhagic shock. However, vaso-
pressor agents also may be transiently required to sus-
tain life and maintain tissue perfusion in the presence of
a persistent hypotension, even when fluid expansion is
in progress and hypovolemia has not yet been corrected.
This point is crucial, because tissue perfusion is directly
related to the driving pressure (the difference between
pressures at the sites of entry and exit of the capillary),
the radius of the vessel, and the density of capillaries;
additionally, tissue perfusion is inversely related to blood
viscosity. Thus, arterial pressure is a major determinant
of tissue perfusion.

Norepinephrine (NE), which often is used to restore
arterial pressure in septic and hemorrhagic shock, is
now the recommended agent of choice during septic
shock [14]. NE is a sympathomimetic agent with predom-
inantly vasoconstrictive effects. NE exerts both arterial and
venous a-adrenergic stimulation [15]. In addition to its ar-
terial vasoconstrictor effect, NE induces venoconstriction
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(especially at the level of splanchnic circulation), which
induces an increase in pressure in the capacitance vessels
and actively shifts the venous blood volume to the systemic
circulation [16]. This venous adrenergic stimulation
may recruit blood from the venous unstressed volume,
i.e., the blood volume that fills the blood vessels without
generating an intravascular pressure. Moreover, stimula-
tion of B,-adrenergic receptors decreases venous resist-
ance and increases venous return [16]. Poloujadoff et al.
[17], in an animal study during uncontrolled hemorrhage,
suggested that NE infusion reduced the amount of fluid
required to achieve a given arterial pressure target and cor-
responded to lower blood loss and significantly improved
survival. We can therefore propose the early use of NE to
restore blood pressure as quickly as possible and limit fluid
resuscitation and hemodilution. However, the effects of NE
have not been rigorously investigated in humans who suf-
fered traumatic hemorrhagic shock. An analysis performed
during a multicenter, prospective, cohort study designed to
evaluate the outcome of adults who suffered blunt injury
and who were in hemorrhagic shock proposed that the
early use of vasopressors for hemodynamic support after
hemorrhagic shock may be deleterious, compared with the
aggressive use of volume resuscitation, and should be
approached cautiously [18].

This study has several limitations. First, this was a sec-
ondary analysis of a prospective, cohort study and was not
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designed to answer the specific hypothesis tested; second,
the group that received vasopressors had a higher
incidence of thoracotomy. Thus, a prospective study to
define the effect of vasopressors used in patients with
hemorrhagic shock is required. In conclusion, vasopres-
sors may be useful if they are used transiently to sustain
arterial pressure and maintain tissue perfusion during per-
sistent hypotension, despite fluid resuscitation (Figure 1).
Moreover, the early use of NE could limit fluid resuscita-
tion and hemodilution. If we use NE at an early stage, we
must note the recommended objectives of arterial pres-
sure (SAP 80-100 mmHg) [11]. Thus, the dose of NE
should be titrated until we reach the target SAP (Figure 1).
Then, fluid resuscitation should be pursued and titrated
according to indicators of preload responsiveness, cardiac
output, and tissue oxygenation markers.

Because vasopressors may increase cardiac afterload
when there is excessive infusion rate or impaired left
ventricular function, it is essential to assess cardiac func-
tion during the initial ultrasound examination. Cardiac
dysfunction may be altered in the trauma patient after
cardiac contusion, pericardial effusion, or secondary to
brain injury with intracranial hypertension. The presence
of myocardial dysfunction requires treatment with an
inotropic agent, such as dobutamine or epinephrine. In
the absence of an evaluation of cardiac function or car-
diac output monitoring, which often is observed in
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patients in the acute phase of hemorrhagic shock, we
should suspect cardiac dysfunction in the presence of a
poor response to fluid expansion and NE.

Which objectives of fluid resuscitation and blood
pressure?

The mean arterial pressure, which represents the perfu-
sion pressure of all organs (except the heart), might
serve as a target that physicians must achieve by early
fluid administration. A critical element of the resuscita-
tion of the patient with hemorrhagic shock is to prevent a
potential increase in bleeding by a resuscitative manoeuvre
that is overly aggressive. Fluid resuscitation may promote
coagulopathy by diluting coagulation factors and favoring
hypothermia. Moreover, an excessive level of mean arterial
pressure (MAP) can favor the bleeding by preventing clot
formation. Two concepts have emerged in past years: the
concept of “low-volume resuscitation” and the concept of
“hypotensive resuscitation.” Often, these two concepts are
merged. Several experimental studies have suggested that
the limited administration of fluids associated with a low
blood pressure level as an end point may limit bleeding
without the related increased risk of death [19]. Bickell
et al. [20] in 1994 tested this concept in hypotensive
patients with penetrating injuries to the torso. They com-
pared immediate and delayed fluid resuscitation and
reported that aggressive administration of intravenous
fluids should be delayed until the time of operative inter-
vention. Thus, Bickell et al. supported the concept of
bringing the patient as quickly as possible to the trauma
center and restricting fluid resuscitation until the time of
operative intervention. Recently, a retrospective cohort
study of patients from the American Trauma Data Bank
[21] suggested that there was no survival benefit for pre-
hospital IV placement or IV fluid administration. This con-
cept could be limited by factors, such as older patients,
severe brain injuries, or longer prehospital transport times
(rural trauma). Future studies are required to clarify the
volume and the timing of fluid resuscitation before surgical
or angiographic embolization bleeding control. Minimal
volume resuscitation is preferable to aggressive volume
resuscitation before active bleeding has been controlled. It
is critical to prevent hemodilution by limiting fluid resusci-
tation and using an aggressive transfusion strategy. Add-
itionally, despite adequate fluid resuscitation, only blood
transfusion can improve tissue oxygenation [22]. Thus, one
key message is that we must consider blood transfusion
early during the management of hemorrhagic shock to im-
prove microvascular oxygen delivery.

The optimal level of blood pressure during the resusci-
tation of the hemorrhagic shock patient is still debated.
The initial objectives are to control the bleeding as soon
as possible and to maintain a minimal arterial pressure
to limit tissue hypoxia. Restoration of arterial pressure

Page 4 of 9

with uncontrolled bleeding exposes the patient to the
risk of increased bleeding or of prevented clot formation.
Dutton et al. [23] found that titrating the initial fluid
therapy to a lower-than-normal systolic blood pressure
(70 mmHg) during active hemorrhage did not affect the
mortality rate. The low number and the heterogeneity of
studied patients limit the conclusions of this study. For
example, the average systolic blood pressure was equal
to 100 £+ 17 mmHg in the 70-mmHg group, because the
blood pressure had increased spontaneously toward nor-
mal in some patients. Recently, Morrison et al. [24],
while evaluating patients in hemorrhagic shock who
required emergent surgery, compared an intraoperative,
hypotensive, resuscitative strategy in which the target
MAP was 50 mmHg with a standard fluid resuscitative
strategy in which the target MAP was 65 mmHg. The
hypotensive, resuscitative strategy was a safe strategy
that resulted in a significant reduction in blood product
transfusions and overall IV fluid administration with a
decrease in postoperative coagulopathy. However, in this
study, there was no MAP difference between the two
groups (64.4 mmHg vs. 68.5 mmHg) despite the differ-
ent MAP objectives. The authors attributed this absence
of a MAP difference to faster control of the bleeding in
the 50-mmHg group by inducing a spontaneous MAP
increase in this group. Thus, there is an insufficient
quality or quantity of evidence to determine an optimal
blood pressure level during active hemorrhagic shock.
However, European guidelines for the management of
bleeding trauma patients recommended a target systolic
blood pressure of 80 to 100 mmHg until major bleeding
has been stopped in the initial phase after trauma for
patients without brain injury [11] (Figure 1). When trau-
matic hemorrhagic shock is associated with severe brain
injury, cerebral perfusion pressure must be maintained
by increasing the arterial pressure to prevent secondary
brain injury. Before monitoring the intracranial pressure,
we must define the optimal level of arterial pressure by
using transcranial Doppler to determine the best balance
between an optimal cerebral perfusion and the risk of
increased bleeding (Figure 1).

Transfusion and prevention of acute coagulopathy of
trauma

The correction and prevention of traumatic coagulopa-
thy (acute coagulopathy of trauma, ACoT) have become
central goals of early resuscitative management of
hemorrhagic shock. As Figure 2 illustrates, several inter-
acting mechanisms contribute to the development of
traumatic coagulopathy:

1) “Loss-dilution” phenomenon: bleeding and
hemodilution secondary to fluid resuscitation cause a
loss of coagulation factors and platelets.
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2) Excessive activation of coagulation: the adapted
activation of coagulation in response to hemorrhagic
injury can become excessive under the influence of
local or general phenomena. For example, tissue
injury can cause endothelial injuries associated with
local and systematic inflammatory reactions; these
reactions are important for the production of tissue
factor and factor VII, which can excessively activate
coagulation.

3) Fibrinolysis: with an excessive activation of
coagulation, a fibrinolytic response can overtake its
physiological role of controlling coagulation.

4) Hypothermia: hypothermia favors alterations of
platelet functions, coagulation factors, and
fibrinolysis. Hypothermia is favored by an aggressive
fluid resuscitation.

5) Acidosis: metabolic acidosis favors coagulopathy by
means of a decrease in the activity of coagulation
factors and platelet function and the degradation of
fibrinogen.

6) Hypocalcemia: hemodilution induced by fluid
resuscitation and citrate contained in blood products
after massive transfusion contribute to
hypocalcaemia.

7) Anemia: red blood cells have an important
haemostatic role. The RBC flows maintain platelets
close to the endothelial cells, and they can activate
the platelet functions.

The risk of coagulopathy depends on the context.
When bleeding occurs during surgery, the surgeon must
immediately control the hemorrhage with a rapid fluid
administration and RBC restoration to avoid or limit
coagulopathy to only the “loss-dilution” phenomenon.
However, in traumatic hemorrhagic shock, coagulopathy
is frequent (from 10% to 34% of the trauma patients)
and multifactorial [25,26], depending on the severity of
the shock and trauma, and it is an independent factor of
the morbidity and mortality in trauma patients.

It is crucial to avoid delays in the delivery of blood
and blood components. Optimal hemostatic resuscita-
tion requires prompt action with good communication
and coordination between the treating clinicians and the
transfusion service provider. Two major points in the
management of these patients are: 1) regular assessment
of the efficacy of replacement therapy using clinical
assessment and monitoring of coagulation parameters,
and 2) the use of an appropriate transfusion protocol
with guidelines for its proper implementation.

Because there may be an unavoidable delay in proces-
sing and receiving laboratory results, more facilities are
using point-of-care testing, which includes thromboelas-
tography. Bedsides coagulation, monitoring in trauma
patients by means of thrombelastography (TEG) or
thromboelastometry (ROTEM) or activated clotting time
(ACT) leads to an earlier and faster diagnosis of ACoT.
Moreover, these monitoring devices enable personalized
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coagulation management, which serves to guide the co-
agulation therapy according to the real needs of the pa-
tient. We have observed that some clinical teams have
changed their transfusion practices with goal-directed
coagulation management based on TEG results [27,28].

Given the inherent delays involved with laboratory-
guided transfusions and resuscitations, an institution
that takes care of patients with massive hemorrhage
must implement appropriate transfusion protocols and
track blood product distribution. Establishing such pro-
tocols reduces the distribution and administration times
of blood components. The fluidity of the prescription
and distribution tracks of blood components might help
to reduce the mortality rate for trauma patients who re-
quire a massive transfusion.

Red blood cells and fresh frozen plasma transfusion

The early administration of red blood cells (RBC) and
fresh frozen plasma (FFP) is a priority to maintain arter-
ial oxygen delivery and restore an effective coagulation.
It is not possible to determine the optimal hemoglobin
levels in patients with traumatic hemorrhagic shock, be-
cause no studies have assessed the relationship between
hemoglobin levels and the adverse outcomes in patients
with critical bleeding. In addition, the hemoglobin level
target may depend on the patient’s medical history (age,
history of cardiovascular diseases) and the type of trauma
(presence or absence of brain injury). The administration
of RBC is considered indispensable when the hemoglobin
level is <7 g/dL [11] (Figure 1). This recommendation is
based mainly on the results of the Transfusion Require-
ments in Critical Care (TRICC) study [29]. In this trial,
Hebert et al. randomized hemodynamically stable, critic-
ally ill patients to either a liberal transfusion strategy, with
target hemoglobin levels of 10-12 g/dL, or a restrictive
strategy, with target hemoglobin levels of 7-9 g/dL. The
mortality rate was similar in the two arms of the study,
which indicated that a restrictive transfusion strategy was
at least as safe as a liberal approach. In brain-injured
patients, there are insufficient data to support restrictive
or liberal hemoglobin levels [30,31]. However, many cen-
ters transfuse these patients to obtain a hemoglobin level
of 10 g/dL. This strategy is based on the finding that an
increased hemoglobin from 8.7 to 10.2 g/dL improved
local cerebral oxygenation [32].

In the case of a major life-threatening hemorrhage, a
patient could be transfused with O Rh-negative RBC
units. Nevertheless, this practice must be considered the
exception, and it must be implemented as part of a
massive transfusion protocol.

The administration of FFP should be associated as
soon as possible with RBC transfusion to compensate
for the deficit in coagulation factors. The initial recom-
mended dose is 10 to 15 ml/kg [11]. Additional doses
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will depend on the results of monitoring the coagulation
parameters. FFP is recommended when PT or APTT is
1.5 times the normal value (Figure 1).

Several recent studies involving military or civil trauma
patients have suggested the importance of an RBC/FFP
ratio of approximately 1:1. However, these results should
be interpreted carefully because of the potential for sur-
vival bias (that is, patients who die early are more likely to
have received a higher RBC/FFP ratio). Thus, the optimal
value of the RBC:FFP ratio remains controversial. Kashuk
et al. [33] reported in civilian patients that a high RBC:FFP
ratio (average 2:1) was associated with a better survival
rate than a low RBC:FFP ratio (average 4:1), but these
authors described a U-shaped relationship between the
mortality risk and the RBC:FFP ratio with a critical thresh-
old for survival in the range of 2:1 and 3:1 RBC:FFP. Thus,
there is no absolute agreement on the optimal target RBC:
FFP ratio. Additional research should be directed at
defining this optimal target RBC:FFP ratio and identifying
those patients who may benefit. The Australian and New
Zealand guidelines on patient blood management sug-
gested a ratio of <2:1:1 of RBC:FFP:platelets [34]. A similar
recommendation has been recently established by the
French Health Products Safety Agency (Agence nationale
de sécurité du médicament et des produits de santé-AFS-
SAPS). The RBC:FFP ratio is an important element of the
aggressive RBC and plasma resuscitation, but the time
course for transfusion is a major element, and, more im-
portant than the crude RBC:FFP ratio, the early use of
RBCs and FFP could improve the outcome of patients
with traumatic hemorrhagic shock [35]. Therefore, it is
critical to begin the plasma transfusion as quickly as pos-
sible (ideally at the same time as the RBC transfusion)
(Figure 2). The essential concept is to have an aggressive
plan to restore the biological hemostasis as quickly as pos-
sible to rapidly control the bleeding.

Early monitoring of coagulation is essential to identify
coagulopathy during trauma and to facilitate goal-directed
transfusion. However, conventional plasma-based coagula-
tion tests, such as prothrombin time (PT), activated partial
thromboplastin time (APTT), international normalized
ratio (INR), fibrinogen, and platelet number, only reflect
the initiation of the hemostatic process; the tests cannot
be used to evaluate the amplification of propagation or
increased fibrinolysis. Whole blood assays, such as TEG
or ROTEM, provide rapid evaluation of clot formation,
strength, and lysis, which reflect the entire hemostatic
process [36,37]. There is emerging evidence for the clinical
application of these bedside techniques during trauma.
The use of these techniques has profoundly modified the
transfusion strategy of some clinical teams. For instance,
Schochl et al. [27,28] explored goal-directed coagulation
management using fibrinogen concentrate and prothrom-
bin complex concentrate (PCC), administered according
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to ROTEM measurements. In a retrospective analysis,
these authors compared patients from their trauma
center and patients from a trauma register and reported
that this goal-directed coagulation management strat-
egy could reduce the need for RBC or platelet concen-
trate transfusion, in relation to FFP-based hemostatic
therapy. RBC transfusion was avoided in 29% of the
patients in the fibrinogen-PCC group compared with
only 3% of the patients in the FFP group; there was a
comparable mortality rate in both groups. This ap-
proach is interesting, especially with respect to the po-
tential risks of transfusion. The transfusions of FFP and
platelet concentrates have been associated with an
increased risk of multiple organ dysfunction syndrome
and acute respiratory distress syndrome [38-40]. How-
ever, the issue of an increased risk of venous thrombo-
embolism with a fibrinogen concentrate-PCC strategy
has not been addressed.

Platelet transfusion and fibrinogen concentrate

Platelet transfusion is recommended when platelets
counts are <50.10° Lt (Figure 1). The platelet count
should be maintained at a higher level in case of trau-
matic brain injury, i.e., 100.10° L™,

Fibrinogen is a mandatory compound in the coagula-
tion pathway, and the plasma fibrinogen level should be
corrected to anticipate clotting. The threshold for treat-
ment with a fibrinogen concentrate or cryoprecipitate dur-
ing acute bleeding was recently upgraded to a fibrinogen
plasma level of less than 1.5 to 2.0 g/L (Figure 1). This
new threshold is based on experimental and clinical TEG
data, where fibrinogen administration during the acute
phase of hemorrhagic shock was able to correct the TEG
abnormalities. Unfortunately, the use of FFP failed to rap-
idly correct the hypofibrinogenemia secondary to bleeding.
For example, Chowdary et al. [27] reported that resuscita-
tion with 10 to 15 mL.kg" of FFP only increased the fi-
brinogen plasma level to 0.4 gL™'. More than 30 mL.kg™"
of FPP should be necessary to increase the fibrinogen
plasma level to 1 g.L°™".

Tranexamic acid

Recently, a randomized, controlled trial that included
20,211 trauma patients [28] showed that the routine
administration of tranexamic acid (loading dose of 1 g
over 10 min, then infusion of 1 g over 8 hr) in
patients with hemorrhagic shock was associated with a
decreased mortality rate without an increase of
thromboembolic complications. Thus, tranexamic acid
should be included in the current management of
patients with traumatic hemorrhagic shock (Figures 1
and 2). The optimal effect of this drug is observed in
the first 3 hr of use [28].
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Factor Vlla

Given the failure of recombinant Factor VIIa to decrease
the mortality rate of patients in hemorrhagic shock [41],
the use of this factor should be discussed on a case-by-
case basis when the hemorrhagic shock cannot be con-
trolled by surgical and/or angiographic hemostasis, and
when the different biological parameters of hemostasis
(i.e., hematocrit, platelets, PT, APTT, calcemia, and pH)
are adequately corrected [42]. It is essential to balance
its use with the real risk of thromboembolic events.

Adjuvant therapeutics of hemorrhagic shock

Traumatic hemorrhagic shock is associated with an in-
tense systemic inflammatory response. During the past
decade, many therapeutic strategies were tested in the
treatment of hemorrhagic shock, such as recombinant
human activated protein C (APC), IL-1 receptor antag-
onist, anti-TNF or anti-LPS agents, or tight glycemia
control. However, these treatments were ultimately inef-
fective and sometimes harmful.

Recently, a multicenter trial demonstrated that the ad-
ministration of hydrocortisone in trauma patients was
associated with a significantly reduced risk of developing
pneumonia (36% vs. 51%) and a decrease in the duration
of mechanical ventilation [30]. No difference in the mor-
tality rate was observed between the two groups. We
should, however, be cautious before recommending the
early use of corticosteroids after trauma. The CRASH
study, which investigated the use of corticosteroids after
severe traumatic brain injury in more than 10,000
patients, found an increased mortality rate in the corti-
costeroids group and no difference in the incidence of
pneumonia [31]. A larger study is merited to study the
effect of corticosteroids after trauma.

Difficulties in the supply and availability of blood
products with the risk of infections and immunomo-
dulation justify the development of safe and effective
hemoglobin-based oxygen carriers (HBOCs). However, the
first-generation HBOCs led to systemic and pulmonary
hypertension with decreased cardiac output, myocardial
damage, and other effects, such as NO scavenging, oxida-
tive stress, and hyperoxia. Second-generation HBOCs are
currently undergoing active investigation. These agents
seem better tolerated and resulted in fewer complications
related to NO depletion. Conjugation of hemoglobin with
polyethylene glycol (PEG) is a potentially promising agent.
PEGylation increases viscosity, which induces a greater
endothelial sheer stress and local NO production with a
concomitant increase in functional capillary density [43].
Moreover, PEGylation can increase the oncotic pressure
and promote intravascular volume expansion. Two phase
III trials have demonstrated that oxygenated PEG-modified
hemoglobin (MP4OX) administration was associated with
a significant decrease in the incidence of hypotension in
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patients undergoing primary hip arthroplasty with spinal
anesthesia [44,45]. Presently, a study is evaluating the
safety and efficacy of MP4OX in trauma patients who
suffer from lactic acidosis due to severe hemorrhagic
shock. HBOCs could become another tool for clinicians
charged with the resuscitation of patients with traumatic
hemorrhagic shock.

Conclusions

Management of trauma patients with hemorrhagic shock
is complex and difficult. We recommend managing these
patients in centers that treat a high volume of patients (i.e.,
trauma centers). During recent decades, despite our in-
creasing knowledge of the pathophysiology of hemorrhagic
shock in trauma patients, the mortality rate continues to
remain high. The role of the physician is to maintain oxy-
gen delivery, despite ongoing bleeding, and to limit tissue
hypoxia, inflammation, and organ dysfunction. At the same
time, the physician must maintain surgical and arterio-
graphic control of the bleeding and treat coagulopathy to
stop hemorrhage in these patients. The optimal resuscita-
tive strategy remains controversial. To move forward, we
need to establish optimal therapeutic approaches with clear
objectives for fluid resuscitation, blood pressure, and
hemoglobin levels to guide resuscitation and limit the risk
of fluid overload resuscitation and transfusion.

Competing interests
Jacques Duranteau has financial competing interests with Laboratoire
francais du Fractionnement et des Biotechnologies and Fresenius companies.

Authors’ contributions
AB, AH and JD were responsible for the drafting of the manuscript. All
authors read and approved the final manuscript.

Author details

'Departement of Anesthesia and Intensive Care, Bicétre Hospital, Hopitaux
universitaires Paris-Sud, Université Paris-Sud, Assistance Publique-Hopitaux de
Paris, 78, rue du Général Leclerc, 94275, Le Kremlin Bicétre, France. *Medical
Intensive Care Unit, Cochin Hospital, Groupe Hospitalier Cochin Broca
Hotel-Dieu, Assistance Publique des Hopitaux de Paris, 27, rue du Faubourg
Saint-Jacques, 75014, Paris, France.

Received: 25 September 2012 Accepted: 1 December 2012
Published: 12 January 2013

References

1. Kauvar DS, Wade CE: The epidemiology and modern management of
traumatic hemorrhage: US and international perspectives. Crit Care 2005,
9(Suppl 5):S1-59.

2. Madigan MC, Kemp CD, Johnson JC, Cotton BA: Secondary abdominal
compartment syndrome after severe extremity injury: are early, aggressive
fluid resuscitation strategies to blame? J Trauma 2008, 64:280-285.

3. Handy JM, Soni N: Physiological effects of hyperchloraemia and acidosis.
Br J Anaesth 2008, 101:141-150.

4. Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R: A comparison
of albumin and saline for fluid resuscitation in the intensive care unit. N
Engl J Med 2004, 350:2247-2256.

5. Perel P, Roberts I: Colloids versus crystalloids for fluid resuscitation in
critically ill patients. Cochrane Database Syst Rev 2011, 16:CD000567.

6. Groeneveld AB, Navickis RJ, Wilkes MM: Update on the comparative safety
of colloids: a systematic review of clinical studies. Ann Surg 2011,
253:470-483.

15.

22.

23.

24.

25.

26.

Page 8 of 9

Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller M, Weiler N,
Moerer O, Gruendling M, Oppert M, Grond S, et al: Intensive insulin
therapy and pentastarch resuscitation in severe sepsis. N Engl J Med
2008, 358:125-139.

Perner A, Haase N, Guttormsen AB, Tenhunen J, Klemenzson G, Aneman A,
Madsen KR, Maller MH, Elkjeer JM, Poulsen LM, et al: Hydroxyethyl starch
130/0.42 versus Ringer&apos;s acetate in severe sepsis. N £ngl J Med
2012, 367:124-134.

Hartog CS, Kohl M, Reinhart K: A systematic review of third-generation
hydroxyethyl starch (HES 130/0.4) in resuscitation. Anesth Analg 2011,
112:635-645.

James MFM, Michell WL, Joubert IA, Nicol AJ, Navsaria PH, Gillespie RS:
Resuscitation with hydroxyethyl starch improves renal function and
lactate clearance in penetrating trauma in a randomized controlled
study: the FIRST trial (Fluids in Resuscitation of Severe Trauma). Br J
Anaesth 2011, 107:693-702.

Rossaint R, Bouillon B, Cerny V, Coats TJ, Duranteau J, Fernandez-Mondejar
E, Hunt BJ, Komadina R, Nardi G, Neugebauer E, et al: Management of
bleeding following major trauma: an updated European guideline. Crit
Care 2010, 14:R52.

Bulger EM, Jurkovich GJ, Nathens AB, Copass MK, Hanson S, Cooper C, Liu
PY, Neff M, Awan AB, Warner K, et al: Hypertonic resuscitation of
hypovolemic shock after blunt trauma: a randomized controlled trial.
Arch Surg 2008, 143:139-148.

Bulger EM, May S, Kerby JD, Emerson S, Stiell IG, Schreiber MA, Brasel KJ,
Tisherman SA, Coimbra R, Rizoli S, et al: Out-of-hospital hypertonic
resuscitation after traumatic hypovolemic shock: a randomized, placebo
controlled trial. Ann Surg 2011, 253:431-441.

Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart K,
Angus DC, Brun-Buisson C, Beale R, et al: Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2008. Crit Care Med 2008, 36:296-327.

Imai Y, Satoh K, Taira N: Role of the peripheral vasculature in changes in
venous return caused by isoproterenol, norepinephrine, and
methoxamine in anesthetized dogs. Circ Res 1978, 43:553-561.

Gelman S, Mushlin PS: Catecholamine-induced changes in the splanchnic
circulation affecting systemic hemodynamics. Anesthesiology 2004,
100:434-439.

Poloujadoff M-P, Borron SW, Amathieu R, Favret F, Camara MS, Lapostolle F,
Vicaut E, Adnet F: Improved survival after resuscitation with
norepinephrine in a murine model of uncontrolled hemorrhagic shock.
Anesthesiology 2007, 107:591-596.

Sperry JL, Minei JP, Frankel HL, West MA, Harbrecht BG, Moore EE, Maier RV,
Nirula R: Early use of vasopressors after injury: caution before
constriction. J Trauma 2008, 64:9-14.

Mapstone J, Roberts |, Evans P: Fluid resuscitation strategies: a systematic
review of animal trials. J Trauma 2003, 55:571-589.

Bickell WH, Wall MJ, Pepe PE, Martin RR, Ginger VF, Allen MK, Mattox KL:
Immediate versus delayed fluid resuscitation for hypotensive patients
with penetrating torso injuries. N £ngl J Med 1994, 331:1105-1109.

Haut ER, Kalish BT, Cotton BA, Efron DT, Haider AH, Stevens KA, Kieninger
AN, Cornwell EE Ill, Chang DC: Prehospital intravenous fluid
administration is associated with higher mortality in trauma patients.
Ann Surg 2011, 253:371-377.

Legrand M, Mik EG, Balestra GM, Lutter R, Pirracchio R, Payen D, Ince C:
Fluid resuscitation does not improve renal oxygenation during
hemorrhagic shock in rats. Anesthesiology 2010, 112:119-127.

Dutton RP, Mackenzie CF, Scalea TM: Hypotensive resuscitation during
active hemorrhage: impact on in-hospital mortality. J Trauma 2002,
52:1141-1146.

Morrison CA, Carrick MM, Norman MA, Scott BG, Welsh FJ, Tsai P, Liscum KR,
Wall MJ Jr, Mattox KL: Hypotensive resuscitation strategy reduces
transfusion requirements and severe postoperative coagulopathy in
trauma patients with hemorrhagic shock: preliminary results of a
randomized controlled trial. J Trauma 2011, 70:652-663.

Brohi K, Cohen MJ, Davenport RA: Acute coagulopathy of trauma:
mechanism, identification and effect. Curr Opin Crit Care 2007,
13:680-685.

Brohi K, Cohen MJ, Ganter MT, Schultz MJ, Levi M, Mackersie RC, Pittet J-F:
Acute coagulopathy of trauma: hypoperfusion induces systemic
anticoagulation and hyperfibrinolysis. J Trauma 2008, 64:1211-1217.



Bouglé et al. Annals of Intensive Care 2013, 3:1
http://www.annalsofintensivecare.com/content/3/1/1

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

Schéchl H, Nienaber U, Hofer G, Voelckel W, Jambor C, Scharbert G, Kozek-
Langenecker S, Solomon C: Goal-directed coagulation management of
major trauma patients using thromboelastometry (ROTEM®)-guided
administration of fibrinogen concentrate and prothrombin complex
concentrate. Crit Care 2010, 14:R55.

Schéchl H, Nienaber U, Maegele M, Hochleitner G, Primavesi F, Steitz B,
Arndt C, Hanke A, Voelckel W, Solomon C: Transfusion in trauma:
thromboelastometry-guided coagulation factor concentrate-based
therapy versus standard fresh frozen plasma-based therapy. Crit Care
2011, 15:R83.

Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G,
Tweeddale M, Schweitzer |, Yetisir E: A multicenter, randomized, controlled
clinical trial of transfusion requirements in critical care. Transfusion
Requirements in Critical Care Investigators, Canadian Critical Care Trials
Group. N Engl J Med 1999, 340:409-417.

Desjardins P, Turgeon AF, Tremblay M-H, Lauzier F, Zarychanski R, Boutin A,
Moore L, Mcintyre LA, English SW, Rigamonti A, et al: Hemoglobin levels
and transfusions in neurocritically ill patients: a systematic review of
comparative studies. Crit Care 2012, 16:R54.

Napolitano LM, Kurek S, Luchette FA, Corwin HL, Barie PS, Tisherman SA,
Hébert PC, Anderson GL, Bard MR, Bromberg W, et al: Clinical practice
guideline: red blood cell transfusion in adult trauma and critical care. Crit
Care Med 2009, 37:3124-3157.

Smith MJ, Stiefel MF, Magge S, Frangos S, Bloom S, Gracias V, Le Roux PD:
Packed red blood cell transfusion increases local cerebral oxygenation.
Crit Care Med 2005, 33:1104-1108.

Kashuk JL, Moore EE, Johnson JL, Haenel J, Wilson M, Moore JB, Cothren CC,
Biffl WL, Banerjee A, Sauaia A: Postinjury life threatening coagulopathy: Is
1:1 fresh frozen plasma: packed red blood cells the answer? J Trauma
2008, 65:261-271.

Authority NB, Australia: NBA - patient blood management guidelines: module
1 - critical bleeding massive transfusion. 2011:1-113. www.nhmrc.gov.au.

de Biasi AR, Stansbury LG, Dutton RP, Stein DM, Scalea TM, Hess JR: Blood
product use in trauma resuscitation: plasma deficit versus plasma ratio
as predictors of mortality in trauma (CME). Transfusion 2011,
51:1925-1932.

Carroll RC, Craft RM, Langdon RJ, Clanton CR, Snider CC, Wellons DD, Dakin
PA, Lawson CM, Enderson BL, Kurek SJ: Early evaluation of acute traumatic
coagulopathy by thrombelastography. Trans/ Res 2009, 154:34-39.

Brenni M, Worn M, Bruesch M, Spahn DR, Ganter MT: Successful rotational
thromboelastometry-guided treatment of traumatic haemorrhage,
hyperfibrinolysis and coagulopathy. Acta Anaesthesiol Scand 2010,
54:111-117.

Watson GA, Sperry JL, Rosengart MR, Minei JP, Harbrecht BG, Moore EE,
Cuschieri J, Maier RV, Billiar TR, Peitzman AB: Fresh frozen plasma is
independently associated with a higher risk of multiple organ failure
and acute respiratory distress syndrome. J Trauma 2009, 67:221-227.

Toy P, Gajic O, Bacchetti P, Looney MR, Gropper MA, Hubmayr R, Lowell CA,
Norris PJ, Murphy EL, Weiskopf RB, et al: Transfusion-related acute lung
injury: incidence and risk factors. Blood 2012, 119:1757-1767.

Caudrillier A, Kessenbrock K, Gilliss BM, Nguyen JX, Marques MB, Monestier
M, Toy P, Werb Z, Looney MR: Platelets induce neutrophil extracellular
traps in transfusion-related acute lung injury. J Clin Invest 2012,
122:2661-2671.

Boffard KD, Riou B, Warren B, Choong P, Rizoli S, Rossaint R, Axelsen
M, Kluger Y: Recombinant factor Vlla as adjunctive therapy for
bleeding control in severely injured trauma patients: two parallel
randomized, placebo-controlled, double-blind clinical trials. J Trauma
2005, 59:8-15.

Vincent J-L, Rossaint R, Riou B, Ozier Y, Zideman D, Spahn DR:
Recommendations on the use of recombinant activated factor VIl as an
adjunctive treatment for massive bleeding-a European perspective. Crit
Care 2006, 10:R120.

Young MA, Riddez L, Kjellstr BT, Bursell J, Winslow F, Lohman J, Winslow RM:
MalPEG-hemoglobin (MP4) improves hemodynamics, acid-base status,
and survival after uncontrolled hemorrhage in anesthetized swine. Crit
Care Med 2005, 33:1794-1804.

Olofsson Cl, Gorecki AZ, Dirksen R, Kofranek I, Majewski JA, Mazurkiewicz T,
Jahoda D, Fagrell B, Keipert PE, Hardiman YJ, et al: Evaluation of MP4OX for
prevention of perioperative hypotension in patients undergoing primary

45.

Page 9 of 9

hip arthroplasty with spinal anesthesia: a randomized, double-blind,
multicenter study. Anesthesiology 2011, 114:1048-1063.

van der Linden P, Gazdzik TS, Jahoda D, Heylen RJ, Skowronski JC, Pellar D,
Kofranek I, Gorecki AZ, Fagrell B, Keipert PE, et al: A double-blind,
randomized, multicenter study of MP4OX for treatment of perioperative
hypotension in patients undergoing primary hip arthroplasty under
spinal anesthesia. Anesth Analg 2011, 112:759-773.

doi:10.1186/2110-5820-3-1
Cite this article as: Bouglé et al.: Resuscitative strategies in traumatic
hemorrhagic shock. Annals of Intensive Care 2013 3:1.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.nhmrc.gov.au

	Abstract
	Review
	Introduction
	Fluid resuscitation
	Vasoactive agents
	Which objectives of fluid resuscitation and blood pressure?
	Transfusion and prevention of acute coagulopathy of trauma
	Red blood cells and fresh frozen plasma transfusion
	Platelet transfusion and fibrinogen concentrate
	Tranexamic acid
	Factor VIIa

	Adjuvant therapeutics of hemorrhagic shock

	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References

