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Abstract Massive hemorrhage in trauma requires a

multitude of interventions in order to obtain the best pos-

sible outcome. The resuscitative approach of the actively

bleeding trauma patient has evolved dramatically over the

past decade. Modern strategies deploy an earlier, more

aggressive and holistic approach on both the diagnostic and

therapeutic side. This review addresses the physiology of

hemorrhage and traumatic coagulopathy, current treatment

options, including damage control resuscitation, individu-

alized and tailored coagulation management with the

application of point-of-care testing, and the use of blood

and procoagulant products.

Keywords Trauma � Massive transfusion (MT) � Acute

traumatic coagulopathy (ATC) � Transfusion ratio � Goal

directed coagulation management � Damage control

resuscitation (DCR)

Introduction

Trauma remains one of the leading causes of premature

mortality and disability around the globe, representing a

substantial burden on our society [1, 2]. Despite numerous

advancements in the field of trauma care, exsanguination is

still the major contributor in over half the cases of trauma-

associated deaths within the first 48 h of hospital admission

[3, 4].

Trauma, massive bleeding, hemorrhagic shock and

consecutive resuscitation with fluids and transfusion all

massively activate the innate immune system, endothelium

and coagulation system [5, 6]. The nomenclature sur-

rounding the resulting coagulopathy is not entirely uni-

form. Frith and Brohi describe the entity in a clean fashion:

trauma and shock by itself leads to an endogenous acute

traumatic coagulopathy (ATC) [7••]. The mechanisms that

lead to ATC can be summarized as follows: systemic

anticoagulation and hyperfibrinolysis thru activation of

Protein C, which in return leads to the inactivation of

Factors V and VIII (coagulopathy) and consumption of

PAI-1 (hyperfibrinolysis). In addition, the activation and

dysfunction of platelets plus the endothelium also play an

important role in the evolving coagulopathy. If the trauma

patient cannot be stabilized at this stage, other factors like

blood loss, dilution (plus the side effects of replacement

fluids), consumption, hypocalcemia, hypothermia and aci-

dosis are worsening the coagulation status even further, and

the overall product is then called the multifactorial trauma

induced coagulopathy (TIC) [8].

Cohen et al. [9•] were able to demonstrate in a pro-

spective cohort that the early, endogenous ATC with its

activation of the Protein C pathway is clearly linked to a

higher mortality and incidence of organ failure and trans-

fusion requirements. Along with the discovery and

awareness for TIC, concepts to avoid and aggressively

correct it early have evolved. Since data from the CRASH-

2 trial became available, trauma patients are now being

treated with anti-fibrinolytics in the very beginning, since

this intervention has been shown to clearly reduce all-cause

mortality [10]. Observations from the armed conflicts in the
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Middle East have lead to a shift towards a hemostatic

resuscitation concept in the U.S. that includes judicious use

of crystalloids, early administration of blood products, a

matched ratio of PRBC/FFP/platelets, and lower target

blood pressures [11]. Finally in Europe, specific goal-

directed therapy of TIC with coagulation factor concen-

trates guided by point-of-care coagulation monitoring has

become more and more the accepted standard of care

[12••].

Pathogenesis of Bleeding in Trauma

The presence of post traumatic coagulopathy has been

recognized for a long time and described since the late

1960s [13, 14]. But the concept of the coagulopathy being

an independent risk factor for significant morbidity and

mortality only evolved in the 1990s. MacLeod was one of

the first to properly describe the effect of a disturbed

coagulation system on the outcome of a trauma patient

[15]. She reviewed the prospectively collected data of

7,638 patients that presented to a Level I trauma center and

was able to show that an abnormal prothrombin time (PT)

and partial thromboplastin time (PTT) was associated with

an adjusted odds ratio for death of 1.35 and 4.26,

respectively.

Over time the understanding and nomenclature of the

post trauma coagulopathy have become better studied and

defined. The acute traumatic coagulopathy (ATC) is an

endogenous process that develops quickly and early after

the initial traumatic impact on the body. Two studies were

able to clearly demonstrate that over 50 % of trauma vic-

tims already have an abnormal coagulation status on the

scene before any fluids were administered as measured by

both classic coagulation parameters and thrombelastogra-

phy [16, 17]. The main driving forces behind the ATC are

tissue damage and systemic hypoperfusion, although the

exact contribution and role of each remains to be further

specified [18, 19]. Adding the ‘‘lethal triad of trauma’’, i.e.,

hypothermia, acidosis and hemodilution to the endogenous

ATC results in the more comprehensive trauma induced

coagulopathy (TIC), as described by Brohi [7••]. In contrast

to the ATC, the TIC is at least to a certain degree an

iatrogenic phenomenon, and, as such, in parts avoidable.

Retrospective studies by both Wafasaide and Hubetamann

were able to demonstrate that hypothermia and/or admin-

istration of large volumes of crystalloids worsened the

patients’ coagulopathy, increased the number of transfused

blood products and had negative effects on outcomes such

as sepsis and organ failure [20, 21].

Present understanding of the hemostasis encompasses

the balance among procoagulant and anticoagulant factors,

platelets, endothelium and the fibrinolytic cascade (Fig. 1).

The activation of the Protein C pathway and the depletion

of Protein C itself appear to be a key trigger in the

development of ATC [8]. The activated Protein C (APC)

acts as a functional anticoagulant and inactivates Factors V

and VIII. The prospectively randomized CRASH-2 trial

has clearly highlighted the role of hyperfibrinolysis in ATC

[10].A recent study by Raza et al. [22] found that over

60 % of trauma patients have evidence of at least a mod-

erate degree of hyperfibrinolysis. Furthermore, the magni-

tude of hyperfibrinolysis correlated with poor clinical

outcome. The role of the platelets in ATC remains indis-

tinct. On one side, the measureable decrease in number and

function of the platelets seems questionably relevant at best

[23]. On the other side, if a platelet deficit was present,

there seemed to be an association with worse outcome.

Additionally, there is data emerging that increased and

earlier transfusion of platelets leads to improved early and

late survival in trauma patients [24]. All of this leads to the

conclusion that the functional platelet mass plays a crucial

role in the ATC and is of distinct importance early on. The

vascular endothelium and its glycocalyx also play a very

important role in the development of ATC [25].

Basic Principles in the Treatment of Massive Bleeding

Depending on the amount of blood lost, hemorrhage can be

classified into four stages (Table 1). Severely bleeding

patients will usually require massive transfusion (MT). The

concept of MT has been mostly arbitrarily defined and

evolved over the past few decades. The different definitions

of MT can lead to comparisons and conclusions that may

be erroneous based on the different entities that are com-

pared. One of the early definitions of MT circumscribed the

application of ten or more units of blood within the first

24 h as criteria. Other definitions for MT are transfusion of

[4 RBC units in 1 h or replacement of [50 % of total

Fig. 1 Normal blood coagulation. The goal of every intervention in

the coagulation system should be to restore normal blood coagulation,

i.e., homeostasis, so that forces activating and inhibiting coagulation

are in balance

Curr Anesthesiol Rep (2014) 4:200–208 201

123



blood volume by blood products within 3 h [26]. It can

easily be appreciated that not all patients fulfilling this

definition can be compared with regards to physiology and

intervention.

A key component for severely hemorrhaging patients is

the development of a standardized institutional massive

transfusion protocol (MTP). It facilitates communication,

minimizes the response time and helps avoid errors. When

implementing and using them, MTPs have been able to

demonstrate better patient survival with lower rates of

organ failure and other complications [27]. Even though,

the data in those trials is usually not prospectively ran-

domized, they do not demonstrate any harm, and it seems

reasonable to have a well orchestrated response in place for

a given facility.

When taking care of trauma patients with a massive

bleeding event, it is of paramount importance to stratify the

goals for resuscitation. For each patient, they should be

divided in circulating blood volume, oxygen carrying

capacity plus delivery and coagulation status (Table 2).

The breakdown in these three individual targets helps the

clinician to address each with the appropriate measures.

Circulating Blood Volume

In the early resuscitation phase, before the source of

hemorrhage is controlled, there has been a clear shift over

the past 10–15 years towards a damage control resuscita-

tion (DCR) concept. Data from the military conflicts in the

Middle East and a better understanding of traumatic

coagulopathy have led to this movement. On the resusci-

tation side, DCR consists of permissive hypotension and

hemostatic resuscitation [28]. Permissive hypotension

accepts lower blood pressures as long as the patient is

actively hemorrhaging, and by doing so minimizing one of

the driving forces behind the ongoing blood loss. Usually

resuscitative efforts are guided such that a radial pulse is

just palpable. One has to be cautious in the setting of TBI

where there is a possible conundrum between systemic

blood loss and cerebral perfusion pressure. DCR helps

avoid and counteract acidosis, hypothermia and coagu-

lopathy. As a result, it can help patients achieving critical

hemostasis before surgical control. During the late phase of

resuscitation, once hemostasis has occurred, the paradigm

Table 1 Hemorrhage Classification (per ATLS 9th edition)

Estimated blood lossa based on patient’s initial presentation

Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1,500 1,500–2,000 [2,000

Blood loss (% blood volume) Up to 15 % 15–30 % 30–10 % [40 %

Pulse rate (BPM) \100 100–120 120–140 [140

Systolic blood pressure Normal Normal Decreased Decreased

Pulse pressure Normal or increased Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 [35

Urine output (ml/hr) [30 20–30 5–15 Negligible

CNS/mental status Slightly anxious Mildly anxious Anxious, confused Confused, lethargic

Initial fluid replacement Crystalloid Crystalloid Crystalloid and blood Crystalloid and blood

a For a 70-kg man

From Advanced Trauma Life Support (ATLS) manual, 9th edition, with permission from the American College of Surgeons

Table 2 Pillars of resuscitation for massive hemorrhage

(1) Circulating blood volume

(a) Management before surgical control of bleeding:

Damage control resuscitation, permissive hypotension,

hemostatic resuscitation

(b) Management after surgical control of bleeding:

Restoration of normal circulating blood volume and cardiac

output

(2) Oxygen carrying capacity and delivery

(a) Adequate volemia

(b) Adequate oxygen carrier (hemoglobin)

(c) Adequate oxygenation

(3) Blood and coagulation status

(a) Massive transfusion protocol

(b) Massive transfusion algorithm

(c) Preconditions normalization (pH, calcium, temperature)

(d) Anti-fibrinolytics

(e) Factor concentrates (fibrinogen, PCC, F XIII, rF VIIa, other),

cryoprecipitate, FFP

(f) Platelet concentrates

(g) Protamine, desmopressin

PCC prothrombin complex concentrate, F XIII coagulation factor

XIII, rF VII recombinant activated coagulation factor VII, FFP fresh

frozen plasma
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then shifts towards a normalization of circulatory param-

eters. Restoration of adequate circulating blood volume and

cardiac output enables the perfusion of all vital tissues and

normalization of the physiologic state. During this stage

more advanced and invasive monitoring becomes essential

[29].

Oxygen Carrying Capacity and Delivery

Restoring both, the oxygen carrying capacity (OCC) and

oxygen delivery (DO2) are key goals of resuscitation in

trauma, especially once hemostasis is achieved. Re-estab-

lishing normal levels of DO2 will enable the patient to

normalize his organ functions and metabolic status. A

closer look at the equation circumscribing the oxygen

delivery helps understand the entity better:

DO2 = CO � CaO2

CaO2¼ðHb� SpO2 � k1þ PaO2 � k2Þ;

where CO is the cardiac output, CaO2 the oxygen content of

the arterial blood, Hb the hemoglobin, SpO2 the arterial Hb

saturation, PaO2 the arterial oxygen partial pressure, k1 the

oxygen combining capacity of Hb (also sometimes referred to

as Hüfner’s constant) and k2 the solubility coefficient of

oxygen at body temperature. The exact value for k1 is some-

what controversial but in theory each gram of Hb binds

1.39 ml of oxygen. In practice, however, the existence of

abnormal hemoglobins reduces this capacity to a value of

1.31 ml g-1. K2 is equal to 0.003 ml of oxygen per deciliter of

plasma and per millimeter mercury pressure (mmHg). While

k2 is relatively small and does not contribute much to the CaO2

under normal circumstances, it can become vital in the hem-

orrhaging patient, where a significant increase in oxygen

partial pressure (FiO2 = 1.0) can make up for some amount of

Hb lost. The formula for oxygen delivery illustrates clearly the

need for an adequate CO, which is usually achieved by

restoring the circulating blood volume once hemostatic con-

trol is achieved. In most trauma patient’s inotropic support for

the heart is not needed to further support CO.

A bleeding patient’s Hb is restored with the transfusion

of red blood cells (RBC). Exact transfusion triggers for Hb

remain debated, individual and controversial for most set-

tings. In one of the more thorough analyses, the Eastern

Association for the Surgery of Trauma (EAST) and the

Society of Critical Care Medicine (SCCM) have assessed

all scientific evidence that was available from 1980 thru

2008 and came up with the following indications for RBC

transfusion in critically ill trauma patients [30]:

Hemorrhagic shock.

Hemodynamic instability and/or inadequate DO2 with

acute hemorrhage.

A pure Hb based trigger of \7 g/dl in resuscitated

trauma patients.

Use co-triggers such as intravascular volume status,

evidence of hypoperfusion, duration and extent of

anemia, cardiopulmonary parameters.

Coagulation Status

The correction and support of the coagulation system in a

massively bleeding patient is potentially the most complex

and challenging aspect during the resuscitation of a mas-

sively bleeding trauma patient. At the same time it appears

to be an area where avoiding mistakes and doing the right

things can lead to improved patient outcome. For this

reason, we are addressing the topic of coagulopathy and its

management in more detail.

Assessment of the Hemostatic System

To best assess and judge the coagulation system, infor-

mation regarding the following four pillars of perioperative

coagulation monitoring are being collected and require

combined analysis.

Patients’ Medical History

The focused patients’ medical history is crucial in the

judgment of the individual bleeding risk. To raise sensi-

tivity and specificity, a given patients’ medical history

including current medication should be carried out with

particular questionnaires. This standardized assessment has

been shown to be superior to pre-operative routine lab

coagulation studies alone [31]. Accordingly, many national

societies have published recommendations on standardized

pre-operative assessment of hemostasis, like the question-

naire designed by the Austrian society of anesthesiology,

resuscitation and intensive care medicine [32].

Clinical Presentation

The clinical presentation of abnormal hemostasis (e.g.,

certain phenotypes of bleeding or thrombosis) is critical for

the differential diagnosis and gives valuable information on

possible etiologies of the underlying coagulation disorder.

On the other hand, it is quintessential that abnormal lab

coagulation studies are always correlated with the current

clinical presentation, before any hemostatic therapy is

being initiated. Without any clinically relevant diffuse

bleeding (e.g., ‘‘dry’’ surgical area) no pro-coagulant

therapy should be initiated, as it may increase the risk of
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thrombotic events. Instead, the patient must be closely

observed and re-assessed.

When a patient is bleeding, the question often arises

whether the cause of bleeding is ‘‘surgical’’ or ‘‘non-surgi-

cal’’. Clinically, the latter is usually characterized by a more

diffuse pattern. In addition, advanced coagulation monitoring

can help to distinguish both types of bleeders. If a ‘‘surgical’’

bleeding is indeed present, the patient must undergo surgical

re-exploration and hemostasis. A diffuse, microvascular,

‘‘non-surgical’’ hemorrhage, however, requires quick, indi-

vidualized and goal-directed pro-coagulant interventions.

Standard Lab Coagulation Tests

Standard lab coagulation tests include PT/INR, aPTT and

platelet count. Depending on local circumstances, other lab

values such as fibrinogen concentration, factor XIII (FXIII)

and thrombin time may be part of a routine lab coagulation

battery.

Standard lab coagulation tests play a central role in the

initial diagnostic steps of patients with deranged hemos-

tasis. However, when isolated in use, the standard lab

parameters come with significant limitations regarding the

detection of extent and origin of a given patient’s coagu-

lopathy. These tests allow only the determination of certain

questions and are of restricted value [33].

Patients presenting with complex hemostatic disorders

require more and in-depth coagulation studies. Discussion

of these advanced lab coagulation tests is beyond the scope

of this article.

Bedside (point-of-care) Coagulation Tests

There are several methods available to analyze blood

coagulation at the bedside. Basically, the methods can be

divided into the following categories [33, 34]:

Platelet function monitoring. To assess primary hemos-

tasis, platelet count (quantity) and platelet function

(quality) have to be measured. Several bedside tests are

available to assess platelet function (e.g., PFA-100 and

modified platelet aggregometry) [35, 36].

Analysis of secondary (plasmatic) hemostasis. These

bedside tests are used to monitor anticoagulant therapy.

Examples are measurement of activated clotting time

(ACT), whole blood PT/INR, and whole blood aPTT [34].

Global, whole blood coagulation assessment. Viscoelas-

tic coagulation monitoring devices like TEG/ROTEM

and Sonoclot assess the whole coagulation process from

initial thrombin generation to maximum clot formation

up to clot lysis [33, 37•].

Bedside coagulation tests, especially viscoelastic tests can

help tailor a patient’s coagulation management and may

reduce unnecessary administration of pro-coagulant sub-

stances (transfusions and coagulation factor concentrates) and

enable the clinicians to distinguish between a surgical cause of

bleeding and coagulopathy. These tests may also be a tool to

avoid interventional delay as well as reduce surgical proce-

dures because of bleeding. Ultimately, they may reduce

mortality.

Treatment of Coagulopathy

With the information from the aforementioned four pillars of

perioperative coagulation monitoring, bleeding patients can be

treated individually with a goal-directed approach according to

predefined algorithms. Evidence-based guidelines, like the one

from the ‘‘Advanced Bleeding Care in Trauma’’ (ABC-T)

[12••] or the European Society of Anaesthesiology [38] are

helpful in developing locally adapted treatment algorithms.

It must be emphasized that pro-coagulant therapy should

always be applied with caution. A deficient coagulation system

should never be excessively corrected; otherwise, there is a

serious risk for thrombo-embolic adverse events (Fig. 1).

Therapy should be titrated carefully, using point-of-care test-

ing and stopped if the bleeding is no longer clinically relevant.

Goal-directed Coagulation Management, Algorithms

A specific, goal-directed coagulation management in

combination with clearly defined algorithms can lead to

decreased transfusion needs, diminished costs and a better

outcome [39–41]. Therefore, transfusion algorithms have

recently been introduced in various clinics (e.g., a specific

algorithm at a Swiss [42] or Austrian [43•] level I trauma

center). Algorithms consider the physiology and patho-

physiology of the developing coagulopathy in massively

bleeding patients and are based on the four, above men-

tioned pillars of perioperative coagulation management.

They serve as clearly structured guidelines for a specific

and individualized coagulation therapy [42].

Preconditions

The coagulation system is a complex and delicate network

of multiple interacting enzymatic processes. Several pre-

conditions are mandatory for a normally functioning he-

mostatic process.

Acid Base Status

The activity of most coagulation proteins depends on a

physiological pH. For example, a drop in pH to 7.1 lowers

their activity to 50 %. Besides a compromised clotting pro-

cess, acidosis further accelerates fibrinogen consumption and
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impairs platelet function. Interestingly, correction of an

established acidosis with, e.g., bicarbonate that returns arterial

pH to 7.4 does not restore normal coagulation in a time-sen-

sitive way [44]. Current guidelines, therefore advise, to pri-

marily avoid acidosis and maintain an arterial pH[ 7.2 [45].

Calcium

Calcium is an essential co-factor for normal coagulation

within a normal range of free, ionized calcium between 1.1

and 1.3 mmol/L. Massive transfusion may reduce ionized

calcium via dilution, consumption and citrate calcium com-

plexing. To avoid impaired hemostasis and hemodynamics,

ionized calcium should be kept above 0.9 mmol/L [45].

Body Temperature

The body temperature itself also has significant influences

on the hemostasis. According to van’t Hoff and Arrhenius,

each single drop of 1 �C reduces the activity of coagulation

proteases by 4–10 % [46]. Besides impaired enzymatic

reactions, hypothermia also impairs platelet function and

increases fibrinolytic activity. Therefore, every effort has to

be made to keep bleeding patients normothermic.

Coagulation Factor Concentrates

Several coagulation factor concentrates are commercially

available today and can be used for specific, goal-directed

and individualized coagulation therapy. This paragraph

offers a short overview considering the most commonly

used preparations.

Fibrinogen

Fibrinogen is one of the key coagulation factors and the

substrate to form a clot. In massively bleeding patients,

fibrinogen is being consumed at a rate that vastly exceeds its

production. Accordingly, this coagulation factor drops dis-

proportionally and becomes critically low early on [47, 48].

Additionally, several in vitro and in vivo studies could show

that dilutional coagulopathy can be treated successfully with

fibrinogen substitution. The clot strength will improve and

the need for transfusions may be lowered. Therefore, it is

recommended to replace fibrinogen early and aggressively

in massive bleeding (recommended fibrinogen concentration

[1.5–2.0 g/L, corresponding to MCF levels of greater than

8–10 mm in fibTEM test of ROTEM) [49].

Prothrombin Complex Concentrates

Prothrombin complex concentrates (PCC) provide a source

of the vitamin K dependent coagulation factors (FII, FVII,

FIX, FX) together with variable amounts of protein C/S,

antithrombin and heparin, depending on the manufacturer.

PCC are approved, both in Europe and the United States,

for the perioperative treatment of bleeding patients with

deficiencies in the above mentioned clotting factors (e.g.,

oral anti-coagulation with vitamin K antagonists) if a quick

correction of the deficiency is mandatory. Additionally,

there has been emerging evidence that PCC not only help

reduce blood product transfusion rates, but also decrease

the rate of multiorgan failure and sepsis [50••]. That has led

to PCC being increasingly used off label for perioperative

coagulation interventions in severely bleeding patients. A

careful risk–benefit analysis must, however, always occur

before its use to keep potential thrombo-embolic adverse

events low [51].

Activated Recombinant Factor VII

Activated recombinant factor VII (rFVIIa) leads to a direct

thrombin burst, a massive generation of thrombin, and

thereby transforming fibrinogen to fibrin. It is approved for

the treatment of acquired hemophilia, hereditary factor VII

deficiency and thrombasthenia Glanzmann. There is

rFVIIahas which has formerly been used off label as ‘‘the

silver bullet’’ in otherwise uncontrollable bleeding.

Unfortunately, multiple reports have been published on

fatal thrombo-embolic adverse events after off label rFVIIa

use. Therefore, the EMEA (European Medical agency)

explicitly published a warning against the off label use in

2009 [52]. In addition to that, the results of the CONTROL

trial in 2010 further questioned the role of rFVIIa. It pro-

spectively randomized 573 trauma patients to receive either

placebo or rFVIIa. While a reduced blood product use

could be demonstrated, mortality and thromboembolic

events did not differ in the two groups [53].

Factor XIII

Factor XIII is another important clotting factor and plays a

central role in clot stability by cross-linking fibrin. Aside

from that, FXIII protects fibrinogen and fibrin against an

untimely lysis process. Extensive surgery and/or major

bleeding may lead to an acquired FXIII deficiency that has

been described with increased bleeding diathesis. There-

fore, it is recommended to keep FXIII [ 60 % during the

perioperative period [54].

Fresh Frozen Plasma (FFP) and Platelet Concentrates

Since the transfusion of blood products carries numerous

and serious adverse effects, the transfusion of allogeneic

blood products must be avoided where possible (restrictive

transfusion regimen) and be replaced by alternatives
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whenever possible. It is easily forgotten, that the clinical use

of FFP is not supported by any evidence from randomized

trials in most clinical circumstances. Furthermore, no stud-

ies have taken into consideration that the extent of adverse

effects might negate the clinical benefits of treatment with

FFP [55]. Up to now, the only legitimate indication for FFP

transfusion is a FV deficiency, since specific FV concentrate

is not commercially available. A fixed ratio between FFP,

red cell concentrates (PRBC) and platelets has been dis-

cussed over and over again in the literature [56]. While we

completely concur that early and aggressive hemostatic

resuscitation is key in massively bleeding patients, we,

however, strongly believe that a fixed ratio approach must be

abandoned. The fixed ratio concept is solely based on ret-

rospective, hence, biased data (‘‘survivorship bias’’) and has

failed so far to show any benefit in comparison to time-

dependent data analyses or prospective studies [57•]. The

beneficial effect of high plasma to RBC ratios in most of

those trials might have been limited by survivorship bias,

that is caused by a subgroup of the most severely injured

patients, which survive only long enough to be transfused

with RBC, but not FFP. Contemporary blood coagulation

management should be goal-directed, individualized and

specific for each single patient and the given situation [40].

Guidelines for the transfusion of FFP and platelets have

been published in the past, however, they are expert-oriented

and not evidence-based [58]. Published indications for FFP

transfusions are: a severe, diffuse microvascular bleeding,

the emergent reversal of oral anti-coagulation (in absence of

PCC) and thrombotic thrombocytopenic purpura. Since

coagulation factor activity is low, large amounts of FFP have

to be transfused to be effective (15 ml FFP/kg BW) [59].

Platelets should be maintained [50 9 103/ll in bleeding

patients and even raised [100 9 103/ll under certain cir-

cumstances (e.g., patients with traumatic brain injury,

impaired platelet function) [60, 61].

Pharmacological Pro-coagulant Therapy

Anti-fibrinolytics

Currently available substances for patients’ treatment are e-

aminocaproic acid and tranexamic acid. Both drugs are

analogues of lysine and competitively block fibrinolysis.

Anti-fibrinolytics can reduce the transfusion requirements

in certain situations and have shown to improve the

patients’ outcome primarily in cardiac surgery, transplant

surgery, trauma care, obstetrics and orthopedics. Side

effects like seizures as well as distinctive nausea and

emesis are to be considered for tranexamic acid. CRASH-2

studied the effect of tranexamic acid in trauma patients

specifically. There were 20,211 adult trauma patients in

274 hospitals in 40 countries prospectively randomized to

receive either placebo or tranexamic acid. The patients that

received tranexamic acid had a significantly lower all-

cause mortality [10]. In a follow up, the collaborators

investigated the data further and found that early treatment

was crucial; ideally, tranexamic acid should be given

within the first hour of trauma, but certainly not later than

3 h [62•]. The MATTERs study was able to confirm similar

findings in a combat setting [63].

Protamines

Protamines are alkaline, low molecular weight proteins

derived from the testicles of salmon. Protamines are hep-

arin antagonists, binding to the (acid) heparin to form

inactive complexes with no anti-coagulant properties.

Since the half-life of protamine is shorter than that of

heparin, rebound anti-coagulation may occur. Furthermore,

protamine administered alone or in excess has weak anti-

coagulant properties and other undesired side effects.

Desmopressin

Desmopressin (DDAVP) is being used in certain specific

disorders of the primary hemostasis, e.g., the type 1 von

Willebrand’s syndrome. After a standard dose of DDAVP

(0.3 lg/kg BW), plasma concentration of FVIII and vWF

will increase 3–5-fold over 8–12 h. Always consider that

DDAVP administration undergoes tachyphylaxis and may

increase fibrinolysis.

Conclusions

The concepts of resuscitation for massively bleeding trauma

patients have evolved greatly over the past 15 years. There

has been a lot of research focused on the physiology of

trauma, hemorrhage and coagulopathy. Combined with the

vast experience gained from the armed conflicts, that has led

to a better understanding and more advanced concepts on

how to care for trauma patients. Traumatic coagulopathy is

highly prevalent at an early stage after injury and needs to be

aggressively treated. Effective preparation and education of

staff is crucial for institutions that care for trauma victims.

The care of a given patient needs to be tailored to the

patients’ needs, utilizing a multitude of diagnostic instru-

ments and therapeutic interventions. Further research will

have to investigate more tailored approaches and fine tune

treatment algorithms.
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