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Abstract
Trauma is a leading cause of death worldwide, and almost 30% of trauma deaths are due to blood loss. A
number of concerns have been raised regarding the advisability of the classic principles of aggressive
crystalloid resuscitation in traumatic hemorrhagic shock. Some recent studies have shown that early
volume restoration in certain types of trauma before definite hemostasis may result in accelerated blood
loss, hypothermia, and dilutional coagulopathy. This review discusses the advances and changes in
protocols in fluid resuscitation and blood transfusion for treatment of traumatic hemorrhage shock. The
concept of low volume fluid resuscitation also known as permissive hypotension avoids the adverse effects
of early aggressive resuscitation while maintaining a level of tissue perfusion that although lower than
normal, is adequate for short periods. Permissive hypotension is part of the damage control resuscitation
strategy, which targets the conditions that exacerbate hemorrhage. The elements of this strategy are
permissive hypotension, minimization of crystalloid resuscitation, control of hypothermia, prevention of
acidosis, and early use of blood products to minimize coagulopathy.
Keywords: Damage control resuscitation, fluid resuscitation, massive transfusion protocol, permissive
hypotension

Introduction
Globally, injuries contribute to around 10% of total deaths and 15% of disability-adjusted life-years.[1]
Recent studies suggest that injuries contribute to 13-18% of total deaths in India. Road traffic injuries
(RTIs) place a huge burden on the health sector in terms of prehospital care, acute care, and rehabilitation.
[1] According to WHO, RTIs are the sixth leading cause of deaths in India with a greater share of
hospitalizations, deaths, disabilities and socioeconomic losses in young and middle-age populations. Most
of the deaths occur due to poor decision and inappropriate interventions. An estimated 10-20% of these
deaths are potentially preventable with better control of bleeding. Early hemorrhage within 6 h after
incurring an injury emerged as the biggest cause of preventable deaths. This has led trauma teams to
investigate whether the change in practice could help reduce early mortality after severe trauma.[2]
For the past four decades, the standard approach to the trauma victim, who is hypotensive from presumed
hemorrhage has been to transfuse large volumes of fluid as early and as rapidly as possible. The goals of
this treatment strategy are rapid restoration of intravascular volume and vital signs toward normal and
maintenance of vital organ perfusion. High volume IV fluid for hemodynamic instability has been the
accepted standard in most prehospital care systems like advanced trauma life support system (ATLS). The
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most recent laboratory studies and clinical trials evaluating the efficacy of these guidelines however
suggest that in the setting of uncontrolled hemorrhage, aggressive fluid resuscitation may be harmful,
resulting in increased hemorrhagic volume and subsequently greater mortality.[3]
To devise a strategy for resuscitation certain questions needs to be answered.
What is the risk of hypovolemia in trauma patients?
What is resuscitation injury?
What strategies of fluid resuscitation are available?
Liberal versus restrictive
What are various recommendations from the literature?
We need to understand the pathophysiology of trauma and hemorrhagic shock. It may be defined as a life
threatening condition characterized by inadequate delivery of oxygen to vital organs in relation to their
metabolic requirements.[4] A systolic blood pressure (SBP) of 90 mmHg is commonly used to define both
hypotension and shock; however, oxygen delivery depends on cardiac output rather than blood pressure.
Homeostasis with peripheral vasoconstriction acts to preserve blood pressure even as circulatory volume is
lost. The relation between cardiac output and blood loss is ill-defined, and the relationship becomes
evident only when more than half of circulating volume is lost, or the loss is rapid. Many patients will
maintain their pulse and blood pressure even after massive blood loss and tissue hypoxia. This condition is
termed as a cryptic shock and is associated with increased mortality.[5]

Resuscitation Injury
Another parameter that needs to be understood is resuscitation injury. In the setting of trauma, capillary
permeability increases, leading to a loss of intravascular fluid into the interstitial space. Moreover, acidosis
that results from significant trauma impairs cardiac function.[6] Treating these patients with a large volume
of crystalloids can lead to cellular swelling and resulting dysfunction.[6] Fluid causes dilutional
coagulopathy, clot disruption from increased blood flow, decreased blood viscosity and interstitial edema.
There is increased risk of acute respiratory distress syndrome and multi-organ failure. Large volume
crystalloid resuscitation causes gastrointestinal and cardiac complications,[5] increased extremity
compartment pressures[7] and coagulation disturbances. Abdominal compartment syndrome is clearly
proven to be a result of large volume crystalloid resuscitation.[8] Secondary abdominal compartment
syndrome occurs in patients without any underlying abdominal injury, has mortality >50% and is clearly
linked to over aggressive fluid resuscitation strategies.[8]

Pathophysiology of Hypovolemic Micro-circulation
Hypovolemia and blood loss lead to inadequate perfusion of micro-circulation that result in insufficient
oxygen availability to meet the needs of mitochondrial oxidative phosphorylation. Adequate microcirculation relies on the function of the different components of micro-circulation. Red and white blood
cells, endothelial cells and smooth muscle cells have to function in close harmony to ensure adequate
micro-circulatory blood flow to transport oxygen to the tissues. The function of these components is
affected by hypovolemia. Administration of fluids to correct hypovolemia may modulate micro-circulatory
function by various mechanisms. The flow is increased by enhanced filling of the vasculature that
generates forcing pressure and promotes micro-circulatory perfusion. Fluids also modify the
hemorheology of blood by decreasing the viscosity that additionally promotes blood flow. However,
excessive hemodilution can cause shunting of the micro-circulation and impair regional tissue
oxygenation. This effect can differ among the different organ systems.[9]

Coagulation and Trauma
Coagulation disorders in trauma have a complex pathophysiology including activation or dysfunction of
fibrin generation or both, platelet and endothelium dysfunction, relative inhibition of stable clot formation
by anticoagulant and fibrinolytic pathways and either consumption or inhibition of coagulation proteases.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541175/?report=printable
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Fluid shifts associated with blood loss, crystalloid infusion and transfusion of packed red blood cells
(RBC's) contributes to dilutional coagulopathy. Hypothermia and acidosis also contributes to coagulopathy
and continued blood loss. Shock following acute blood loss or RBC's appears to be the most important
factor in the development of coagulopathy. Hess et al.[10] have suggested in their review six main
precipitants of coagulopathy in trauma — tissue trauma, shock, hemodilution, hypothermia, acidemia and
inflammation.
The alternate strategy to the early resuscitation is limited resuscitation or hypotensive resuscitation. Two
slightly different strategies have been advanced to prevent clot disruption and dilutional coagulopathy. The
first is delayed resuscitation, where fluid is withheld until bleeding is definitively controlled. The second is
permissive hypotension, where fluid is given, but the resuscitative endpoint is something less than
normotension.[11] This approach provides a mechanism for avoiding the detrimental effects associated
with early aggressive resuscitation. Permissive hypotension is a term used to describe the use of restricted
fluid therapy especially in trauma patients that increases systemic blood pressure without reaching
normotension. This implies that maintaining perfusion although decreased from the normal physiological
range, is adequate for short periods. The concept does not exclude therapy by means of intravenous fluids;
inotropes or vasopressor, the only restriction is to avoid completely normalizing blood pressure in a
context where blood loss may be enhanced.[12]

Timings and Goals of Resuscitation from Hemorrhagic Shock
Liberal versus restrictive approach
Advocates of aggressive crystalloid resuscitation suggest that the theoretical benefits of normalizing or
even super normalizing blood pressure and oxygen delivery are clear. These benefits include repayment of
oxygen debt, clearance of acidosis, and correction of extracellular fluid deficit. However, more recent
evidence (primarily in models of uncontrolled hemorrhage) suggests that premature or aggressive
resuscitation may lead to dislodging of soft clots and dilutional coagulopathy, which results in increased
hemorrhage and mortality.[13]
A recent study reported that overly aggressive fluid treatment accelerated hepatocellular injury while
another suggested that slower rates of fluid resuscitation led to improvements in cell mediated immunity.
[14] Numerous studies have shown that immediate fluid resuscitation caused increases in the rate, volume,
and duration of hemorrhage. Before discussing human data on restrictive resuscitation strategies, it must
be noted that all strategies that permit hypotension are absolutely contraindicated in patients with traumatic
brain injury (TBI). It has been shown that even a single episode of hypotension causes a doubling of
mortality in this patient population.
In the presence of uncontrolled hemorrhage in patients with concurrent TBI, prevention of secondary brain
injury from hypotension is crucial as a SBP <90 mmHg is associated with poor outcomes. Infuse small
aliquots of fluid (100-200 ml) to maintain SBP above 90 mmHg (Grade I evidence). Concept of permissive
hypotension should be carefully considered in the elderly patients and are relatively contraindicated in
patients with chronic arterial hypertension, carotid stenosis, angina pectoris and compromised renal
function.
Rethinking of aggressive fluid resuscitation followed the publication of famous “Mattox trial” in 1994 by
Bickell et al.[15] The investigators performed a prospective, single center trial comparing immediate and
delayed fluid resuscitation in 598 adults with penetrating torso injuries. All patients presenting had a
prehospital SBP of <90 mmHg. A total 203 of 289 patients (70%) who received delayed fluid resuscitation
survived compared with 193 of 309 patients (62%) who received immediate fluid resuscitation (P = 0.4).
The number of patients having one or more postsurgical complications was lower in the delayed fluid
resuscitation group versus those receiving immediate fluid resuscitation: About 23% versus 30%
respectively. Numerous studies before and since this study have failed to demonstrate a survival benefit for
aggressive fluid resuscitation before mechanical stabilization of the injury. There is also evidence to
suggest that restoring normal or near normal blood pressure using fluid resuscitation before surgery may
even worsen survival.
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In a study undertaken in 2002 by Dutton et al., 110 patients with hemorrhagic shock were randomized into
two groups with target SBP >100 mmHg and target SBP of 70 mmHg. Fluid therapy was targeted to this
end point. They used a technique of 250-500 ml boluses to treat hypotensive values. Unfortunately, they
found that the blood pressure tended to fluctuate with the boluses, making it hard to accurately maintain
the desired value. As a result, for the 110 patients they randomized, the average SBP was 100 mgHg in the
restricted protocol and 114 mmHg in the standard cohort (P < 0.001). Survival was equal at 92.7% with
four deaths in each group.[16]
Sampalis et al.[17] reviewed the outcome of 217 trauma patients who had received intravenous fluids and
compared them with 217 controls who received no-fluids. Correction was made for gender, age,
mechanism for injury and injury severity score. Patients who received onsite fluid resuscitation had a
higher mortality than the control group, particularly when fluid resuscitation was combined with prolonged
prehospital times. They compared prehospital times of <30 min with time >30 min. In one group, the use
of onsite IV fluid replacement provides no association with a significant increase in mortality.
In 1986, Blair et al.[18] reported that the incidence of rebleeding was decreased in patients with
gastrointestinal hemorrhage for whom early transfusion was withheld (P < 0.01). With a relative paucity of
human data, a Cochrane review[19] came to the conclusion that there was no evidence for or against early
volume resuscitation in uncontrolled hemorrhage. This study did not prefer one colloid over another and
hypertonic crystalloid over isotonic crystalloid.
Cochrane review was done on timing and volume of fluid administration for patients with bleeding to
assess the effects of early versus delayed; larger versus smaller volume of fluid administration, in trauma
patients with bleeding. In this review, there is no evidence from randomized controlled trials for or against
early or larger volume of intravenous fluid administration in uncontrolled hemorrhage. The review
concluded that the uncertainty continues regarding best fluid administration strategy in bleeding trauma
patients. Further, randomized controlled trials are needed to establish the most effective fluid resuscitation
strategy.
A study done by Turner et al.,[20] in 1309 hypotensive trauma patients randomized to receive fluids or nofluids in the prehospital period revealed 10.4% mortality in early fluid administration group versus 9.8% in
delayed/no fluid group. It recommended that rather than concentrating on fluid protocols, ambulance
services should avoid unnecessary delays and speed up transfer to definitive care in the hospital.
A study by Anne Morrison et al.[21] showed that hypotensive resuscitation strategy reduces transfusion
requirement and severe postoperative coagulopathy in trauma with hemorrhagic shock. It showed that
hypotensive resuscitation is a safe strategy in trauma population and hypotensive resuscitation to minimum
intraoperative mean arterial pressure (MAP) of 50 mmHg does not increase 30 days mortality as compared
to target MAP of 65 mmHg. It reduces the risk of early postoperative mortality of coagulopathy bleeding
and does not increase the length of hospital/intensive care unit (ICU) stay.

Emergency Department Evaluation of a Patient in Shock
When the trauma patients arrive at triage, they must be rapidly assessed for either being in shock or at risk
of shock. Trauma patients should have their airway, breathing and circulation addressed immediately
followed by trauma team activation and controlling the source of bleeding and localizing by focused
assessment sonography in trauma (FAST)/X-ray chest [Table 1].

Damage Control Resuscitation[27]
The coagulopathy of trauma is already present in many patients on their arrival to the emergency, and it
impacts management. The treatment of coagulopathy in hemorrhagic shock is no longer the responsibility
of just the surgeon and the intensivist but initiating the treatment is also within the emergency clinician's
purview. This treatment is an essential part of what has come to known as damage control resuscitation
(DCR).[22,23,24]
The term “lethal triad” is used to describe the mutually perpetuating combination of acute coagulopathy,
hypothermia, and acidosis seen in exsanguinating trauma patients.[25] Hypo-perfusion leads to decreased
oxygen delivery, a switch to anaerobic metabolism, lactate production, and metabolic acidosis. Anaerobic
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541175/?report=printable
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metabolism limits endogenous heat production, exacerbating hypothermia caused by exposure and
injudicious administration of cold resuscitation fluids and blood. Large, well-conducted retrospective
studies have shown that the core temperature of <35°C on admission is an independent predictor of
mortality after major trauma.[26]
An understanding of the mechanism of coagulopathy, acidosis, and hypothermia “Lethal Triad” forms the
basis of DCR. DCR addresses all the three components of the Lethal Triad and integrates the permissive
hypotension, hemostatic resuscitation and damage control surgery.[27] Aim is to minimize hypovolemic
shock diagnosed by triad of pattern recognition — cold clammy skin, weak or absent radial pulse and
abnormal mental status in that acidosis, hypotension and hypothermia need to be addressed too. Acidosis
with the base deficit of more than 6 mmol/L is a predominant physiological defect resulting from
persistent hypo-perfusion. pH of <7.2 is associated with decreased contractility and cardiac output,
vasodilatation, hypotension, bradycardia, dysarrhythmias and decreased blood flow to liver and kidney.
Hypothermia is associated with high mortality. If the temperature is <96.50°F hypocoagulability occurs.
However, damage control approach is suitable for only selected group of patients. Asensio et al.[27]
identified preoperatively characteristics predictive of “exsanguinating syndrome” in which a damage
control would be appropriate [Table 2].

Components of Damage Control Resuscitation
Permissive hypotension
The aim is to allow a subnormal blood pressure to minimize hemorrhagic blood loss. For uncontrolled
hemorrhage in the absence of TBI, target resuscitation to SBP of 7-90 mmHg, normal mentation and
palpable peripheral pulses (level of evidence III). Blood should allow sufficient oxygen delivery to tissues
that is ensured by monitoring serum lactate levels and central venous oxygen saturation. There is no study
in pediatrics to support its use.
Hemostatic resuscitation
The term denotes the very early use of blood and blood products as primary resuscitation fluids to treat
intrinsic acute traumatic coagulopathy and to prevent the development of dilutional coagulopathy. It is
initiated within minutes of arrival in the emergency department. First resuscitation is limited to keep blood
pressure at 90 mmHg, preventing renewed bleeding from recently clotted vessels. Secondly, intravascular
volume restoration is accomplished using thawed plasma a primary resuscitation fluid in at least 1:1 ratio
with packed red blood cells (PRBC). Causalities who require continued resuscitation, massive transfusion
protocol (MTP) is activated with delivery of 6 units of plasma, 6 units of PRBCs and 10 units of
cryoprecipitate. Ruskin et al.[28] showed that deaths from trauma significantly decreased after
introduction of MTP.
Massive transfusion however may cause hypocalcemia, hyperkalemia, hypomagnesemia, acid base
disturbances, hypothermia, thrombocytopenia, and coagulopathy. Recent studies indicate that packed red
cells replacement along with fresh frozen plasma (FFP) and platelet concentrates early in trauma
management prevents dilutional effects and markedly improves the coagulopathic bleeding in trauma
patients. The aggressive hemostatic resuscitation should be combined with equally aggressive control of
bleeding. Tranexamic acid, an antifibrinolytic agent, is to be given to all patients with uncontrolled
bleeding who required blood transfusion.[13] As per CRASH-2 trial[29] in 2010 for evaluation of the role
of tranexamic acid, 20,000 trauma patients were randomized to receive either tranexamic acid or control.
Tranexamic acid significantly reduced the risk of death (odds ratio [OR]: 0.91 [0.85-0.97], P = 0.0035) and
death from hemorrhage (OR: 0.85 [90.76-0.96], P < 0.001) without any increase in thromboembolic
complication.
Damage control surgery
Damage control surgery is defined as the planned temporary sacrifice of normal anatomy to preserve the
vital physiology. This is a concept in which the initial surgery becomes part of the resuscitation process
rather than part of the curative process.[30,31] It consists of 3 parts including the initial abbreviated
laparotomy, ICU resuscitation and subsequent reoperation for definitive resuscitation [Figure 1].[32]
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541175/?report=printable
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Damage control surgery is a surgical strategy aimed at restoring normal physiology rather than anatomical
integrity. Only when the patient has become physiologically stable is the final therapeutic surgery
embarked on. This process serves to limit the physiological exposure to an unstable environment, allowing
better resuscitation and outcome in the critically ill trauma patients.
Multidisciplinary approach to the management of critically injured, updated European guidelines[33]
recommends [Figure 2]:
Time elapsed between injury and operation should be minimized for patients in need of urgent
surgical bleeding control (Grade IA).
Patients presenting with hemorrhagic shock and an indentified source of bleeding should undergo an
immediate bleeding control procedure unless initial resuscitation measures are successful (Grade
IB).
Early imaging (FAST or computed tomography) for detection of free fluid in patients with suspected
torso trauma (Grade IB). If FAST is positive, it should be followed by immediate intervention.
A target SBP of 80-100 mmHg until major bleeding is stopped in the initial phase without TBI
(Grade IC). Low volume approach is contraindicated in TBI as adequate perfusion pressure is
crucial to ensure tissue oxygenation of injured central nervous system.
Target MAP of 65 mmHg or more, in controlled hypotensive resuscitation.
Adjunct tourniquet use to stop life-threatening bleeding from open extremity injuries in the
presurgical setting.
Initial normoventilation of trauma patients if there are no signs of imminent cerebral herniation. A
low partial pressure of arterial carbon dioxide on admission to the emergency room is associated
with a worse outcome in trauma patients with TBI. Hyperventilation and hypocapnia cause intense
vasoconstriction with decreased cerebral blood flow and impaired tissue perfusion.
Hemorrhagic shock with identified source of bleeding — initiate immediate bleeding control
procedure.
Serum lactate and base deficit measurement to estimate and monitor extent of bleeding and shock
(Grade IB). Serum lactate is diagnostic parameter and prognostic marker of hemorrhagic shock. The
amount of lactate produced by anaerobic glycolysis is an indirect marker of oxygen debt, tissue
hypo-perfusion and the severity of hemorrhagic shock. Base deficit gives indirect estimation of
acidosis due to impaired perfusion. Repeated lactate determinations represent a reliable prognostic
index for patients with circulatory shock.
DCR should be employed in severely injured patient presenting with deep hemorrhagic shocks,
signs of ongoing bleeding and coagulopathy, hypothermia, acidosis, inaccessible major anatomical
injury.
Crystalloid should be applied initially for bleeding trauma patients (Grade IB). Hypertonic saline
(HTS) to be considered for hemodynamically unstable patients (Grade 2B). Addition of colloid to be
considered within the prescribed limits for each solution in hemodynamically unstable patients
(Grade 2C).
Early FFP in patients with massive bleeding (Grade IB). Platelets to be administered to maintain the
count above 50 × 109/L (Grade IC). However, maintain the count above 100 × 109/L in patients with
multiple trauma who are severely bleeding or have traumatic brain trauma (Grade 2C).
Tranexamic acid 10-15 mg/kg followed by infusion of 1-5 mg/kg/h (Grade IB).
Target hemoglobin of 7-9 gm% (Grade IC).
Monitoring of ionized calcium during massive transfusion (Grade IC). Calcium chloride to be
administered if ionized calcium levels are low or electrocardiographic changes suggests
hypocalcemia (Grade 2C).
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541175/?report=printable
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Characteristics of Optimal Resuscitation Fluid
As stated by Tremblay et al.[34] that “… the optimal fluid for resuscitation would combine the volume
expansion and oxygen carrying capacity of blood, without the need for cross-matching or the risk of
disease transmission. In addition, it would restore and maintain the normal composition and distribution of
body fluid compartments.” Taking this one step further, the ideal fluid would combine all of those things
with positive immunologic and coagulation effects and be durable, portable, and cheap. None of the fluid
options currently available comes close to this ideal. Standard trauma resuscitation as defined by the ATLS
course includes infusion of ringer lactate solution,[35] which is a racemic mixture containing two stereoisomers of lactate D-lactate and L-lactate. Normal saline is also frequently used with lactated ringer for
resuscitation in hemorrhagic shock, but it has been associated with hyperchloremic acidosis, when given in
large volumes.[13]
Hypertonic saline and hypertonic saline dextran solutions (HSD) have also been used as a treatment for
raised intra-cranial pressure and early treatment for TBI. Early administration of HSD can lead to
improved serum biomarkers of brain injury. But at this time, there is no evidence to suggest that either
HTS or HSD provide significant benefit in the early treatment of patients with TBI.[13]
Traditionally there has been no role of colloids in trauma resuscitation due to associated side effects.
Gelatins have been associated with anaphylaxis and significant hypernatraemia. They also cause
paradoxical hypotension due to release of bradykinin by contaminants.[35] Coagulopathy is a common
complication of hemorrhagic shock. Resuscitation associated hemodilution may alter hemostasis by
lowering the concentration of clotting proteins. Use of crystalloids has been thought to be without negative
effect on coagulation except for that attributable to hemodilution. Crystalloids have no specific adverse
effects on renal function except that they may not restore blood volume adequately.[36] However, colloids
have adverse effects on renal function. In patients with excessive fluid deficits, glomerular filtration of
hyperoncotic colloids (dextrans, 10% hydroxyl ethyl starch [HES], 20% albumin) may cause a
hyperviscous urine and stasis of the tubular flow resulting in obstruction of tubular lumen.[36,37] Gelatins
have no significant damaging effect on the kidneys.[36,37]
The controversy regarding the use of crystalloids versus colloids for resuscitation has been in debate for
last so many years. A recent Cochrane database analysis on crystalloids versus colloids published in 2013
that the resuscitation using colloids compared with crystalloids reduces the risk of death in patients with
trauma, burns or following surgery. The use of HES may increase mortality.[38] Cochrane review
concluded that since colloid use is not associated with improved survival, and they are considerably more
expensive than crystalloids, it is hard to see how their continued use in clinical practice can be justified.
[39] Further clinical trials of colloid use need to justify carefully the potential for patient benefit.
Standard approach to trauma victims has been to infuse large volumes of isotonic crystalloids as early and
rapidly as possible. Most efficient solution for use is still under debate. The various options available are
summarized in Table 3.

Conclusion
Debate continues regarding the strategy of fluid management in trauma. Hemorrhagic shock remains a
leading cause of morbidity and mortality worldwide. Time-consuming procedures in the field should be
avoided, and rapid transport to definitive care should be aimed at. Fluid choice has not been shown to
affect the outcome in trauma, however large volume of the crystalloid resuscitation need to be avoided. In
the absence of TBI, target SBP of 70-90 mmHg, normal mentation and peripheral pulses in case of
uncontrolled hemorrhage should be aimed at. Normotension should be the aim in the presence of TBI.
Tranexamic acid should be given to all the patients with penetrating trauma who need transfusion. MTP
with fixed ratios should be given. Patients with penetrating trauma for whom definitive care is
immediately available may benefit from damage control surgery. While DCR requires further study, the
early literature seems to be promising.

Footnotes
Source of Support: Nil
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Table 1
Adapted from management of hypovolemic shock in trauma patient; NSW Institute of Trauma and
Injury Management; January 2007 SH PN: (T1) 070034

Open in a separate window

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4541175/?report=printable

11/15

04/09/2020

Fluid management in patients with trauma: Restrictive versus liberal approach

Table 2
Characteristics predictive of “exsanguinating syndrome” and indication of for damage contol from
Asensio et al.
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Figure 1

Damage Control Sequence[31]
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Figure 2

Open in a separate window
Flow chart of initial management of traumatic hemorrhagic shock. In the acute phase of traumatic hemorrhagic shock, the
therapeutic priority is to stop the bleeding. As long as this bleeding is not controlled, the physician must manage fluid
resuscitation, vasopressors, and blood transfusion to prevent or treat acute coagulopathy of trauma (AP = Arterial
pressure, SAP = Systolic arterial pressure, TBI = Trauma brain injury, Hb = Hemoglobin, PT = Prothrombin time, APTT
= Activated partial thromboplastin time)[36]
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Table 3
Resuscitation fluids
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