DISCLAIMER: These guidelines were prepared by the Department of Surgical Education, Orlando Regional Medical Center. They
are intended to serve as a general statement regarding appropriate patient care practices based upon the available medical
literature and clinical expertise at the time of development. They should not be considered to be accepted protocol or policy, nor are
intended to replace clinical judgment or dictate care of individual patients.

COAGULOPATHY OF ACUTE HEMORRHAGE

SUMMARY

Hemorrhage is the second most common cause of death among injured patients who reach the hospital
alive in developed countries (1). Control of hemorrhage and prompt correction of hypothermia, acidosis,
and coagulopathy are cornerstones of trauma care (2). Suggested resuscitation endpoints for
coagulopathic bleeding include euthermia, pH > 7.2, prothrombin time and partial thromboplastin time
less than 1.25 times control levels, a platelet count above 100,000/mm?, and fibrinogen above 100 mg/dL.

RECOMMENDATIONS
e Level

> None
e Levelll

> Platelet (PLT) transfusions are indicated in the following situations:
e Neurosurgical procedures or CNS trauma with PLT count <100,000.
e Surgical and obstetric patients with microvascular bleeding and PLT count <50,000.
e Any patient with PLT count <20,000.
> Fresh frozen plasma (FFP) (10-15 ml/kg) is indicated in the following situations:
e Microvascular bleeding with elevated PT or PTT (> 1.5 X normal).
e Microvascular bleeding following transfusion of more than one blood volume.
e Microvascular bleeding where PT and PTT cannot be obtained in a timely fashion.
e Urgent reversal of warfarin therapy.
» Cryoprecipitate should be administered in the following situations:
e Microvascular bleeding with fibrinogen concentrations less than 100 mg/dL (or when
fibrinogen concentrations cannot be measured in a timely fashion).
e Bleeding patients with von Willebrand's disease.
o Levellll
» Rewarming strategies to correct hypothermia
e Remove blood or saline-soaked dressings and increase room temperature.
Place convective-air or aluminum space blankets over the patient.
Use humidified mechanical ventilator circuits warmed to 41°C.
Use fluid warmers for the infusion of large volumes of warmed fluids at 42°C.
For patients refractory to above measures consider pleural/peritoneal lavage, or
continuous arterio-venous rewarming.
» Correction of Acidosis
e Consider bicarbonate administration when pH < 7.2
» Treatment of Transfusion-related Hypocalcemia
e Consider calcium replacement when transfusing blood faster than 1 unit / 5 minutes.
» Refractory Coagulopathy
e Consider use of recombinant Factor Vlla (Novoseven™) for refractory hemorrhage.

EVIDENCE DEFINITIONS

o Class I: Prospective randomized controlled trial.

e Class II: Prospective clinical study or retrospective analysis of reliable data. Includes observational, cohort, prevalence, or case
control studies.

e Class Ill: Retrospective study. Includes database or registry reviews, large series of case reports, expert opinion.

e Technology assessment: A technology study which does not lend itself to classification in the above-mentioned format.
Devices are evaluated in terms of their accuracy, reliability, therapeutic potential, or cost effectiveness.

LEVEL OF RECOMMENDATION DEFINITIONS

¢ Level 1: Convincingly justifiable based on available scientific information alone. Usually based on Class | data or strong Class Il
evidence if randomized testing is inappropriate. Conversely, low quality or contradictory Class | data may be insufficient to
support a Level | recommendation.

e Level 2: Reasonably justifiable based on available scientific evidence and strongly supported by expert opinion. Usually
supported by Class Il data or a preponderance of Class Ill evidence.

® Level 3: Supported by available data, but scientific evidence is lacking. Generally supported by Class Ill data. Useful for
educational purposes and in guiding future clinical research.
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INTRODUCTION

Coagulopathy, defined as a prothrombin time (PT) or partial thromboplastin time (PTT) 1.5 times normal,
is present in approximately 25% of patients presenting with severe trauma. Resuscitation with cold blood
and fluids creates a vicious cycle of worsening hemodilution, acidosis, hypothermia, and coagulopathy.
Trauma patients with the combination of an Injury Severity Score (ISS) > 25, pH < 7.10, temperature <
34°C, and systolic blood pressure < 70 mmHg have a 98% likelihood of developing a life threatening
coagulopathy (PT and PTT > 2 times normal) (3). Prompt recognition and treatment of coagulopathic
bleeding is, therefore, essential to improving patient survival from severe trauma or critical illness.

LITERATURE REVIEW

Early Measures

Arrest hemorrhage by applying pressure, ligation of bleeding vessels, early definitive operative
management, or the application of damage control techniques. Resuscitation should be performed
judiciously, avoiding displacement of established clots, hemodilution, and increasing acidosis while
ensuring adequate organ perfusion. Obtain a disseminated intravascular coagulation (DIC) panel (PT,
PTT, fibrinogen level, and platelet count) early in the course of resuscitation due to inherent delays in
obtaining results to these tests and rapid changes in coagulation function in bleeding patients.

Hemodilution

Current packed red blood cells (pRBCs) contain no functional platelets and only 35 ml of plasma from
which the labile coagulation factors V and VIII are largely absent. By the time 10 units of pRBCs have
been administered, at least 70% of the patient’s original plasma has been lost and only about 10% has
been replaced. At that time, a mild prolongation of PT and PTT will be measurable (4). Treatment with 6
units of plasma will correct the coagulation time abnormalities, but still leave the clotting factor
concentrations at approximately 60% of normal.

Platelets are lost more slowly than plasma proteins because a third of platelets are sequestered in the
spleen and an additional fraction are adherent to the endothelium. As a result, platelet counts rarely fall
below 100,000/mm® before 12-20 units of pRBCs have been administered in situations of otherwise
uncomplicated hemorrhage (5). In a study of 39 massively transfused patients, platelet counts below
50,000/mm?® were found in 75% of patients who received 20 or more units of pRBCs and in no patients
who received less than 20 units (6). Treatment with 6 units of whole blood derived platelets will replace
roughly 20% of the normal platelet mass. Giving 1 unit of whole-blood-derived platelets will increase the
platelet count of a non-immunized individual by approximately 10,000/mm?.

Hypothermia

Hypothermia is a frequent pathophysiologic consequence of severe injury and subsequent resuscitation
(7). It is estimated that as many as 66% of trauma patients arrive in the emergency department with
hypothermia (8). Gregory et al. found that hypothermia developed at some point in 57% of the trauma
patients studied, and that temperature loss was most severe in the emergency department setting (9).

Gentilello classified the severity of hypothermia in the trauma patient as mild (36°C to 34°C), moderate
(33.9°C to 32°C), and severe (below 28°C) (7). Body temperatures less than 33°C produce a
coagulopathy that is functionally equivalent to factor deficiency states seen when coagulation factor
concentrations are less than 50% (10). Thrombin generation on platelets is reduced by 25% at 33°C.
The average size of aggregates formed by thrombin-activated platelets was decreased by 40% at 33°C
and platelet adhesion was reduced by 33% (11). Adverse clinical effects such as cardiac dysrhythmias,
reduction in cardiac output, increase in systemic vascular resistance, and a left shift in the oxygen-
hemoglobin saturation curve have been described. Mortality rates as high as 100% are seen in patients
with severe hypothermia and severe injury. The most significant effect of hypothermia in trauma is
coagulopathic bleeding due to prolonged clotting cascade enzyme reactions, dysfunctional platelets, and
fibrinolysis (10,11).
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Rewarming Strategies

Rewarming strategies initiated in the emergency department and operating room are aggressively
continued in the intensive care unit. Strategies include passive and active external rewarming and active
core rewarming.

Passive External Rewarming

Passive external rewarming involves removing blood- or saline-soaked dressings or blankets,
increasing ambient room temperature, and decreasing air flow over the patient by keeping the
room doors shut.

Active External Rewarming

Active external rewarming devices include fluid/air circulating blankets, aluminum space blankets
and overhead radiant warmers. Conductive rewarming with fluid-filled heating blankets placed
under the patient is relatively inefficient because of minimal body-blanket contact, estimated to be
less than 30%. Convective-air and aluminum space blankets placed over the patient provide
greater heat exchange by creating a 43°C microenvironment around the patient, which effectively
stops heat loss. Superior warming is achieved when standard cotton blankets are placed over
these blankets and the edges secured, although this limits patient access. Head covering is of
prime importance; because significant vasoconstriction does not occur in scalp vessels, and as
much as 50% of radiant heat loss occurs from the neck up (7). Aluminized caps are effective
warmers, but their use is limited in head injured patients with intracranial pressure (ICP) monitors.
The effectiveness of overhead radiant warmers is unclear. When aimed directly onto
vasoconstricted skin, these warmers may cause inadvertent burns; yet when directed over a
blanket, they provide no direct heat exchange to the patient. During laparotomy, it is
recommended that covering exposed bowel with moist towels be avoided because it can increase
evaporative heat loss by nearly 250% (7). Dry towels or plastic bags are superior.

Core Rewarming

The hypothermic trauma patient requires active core rewarming which may include airway
rewarming, heated body cavity lavage, heated intravenous fluids, continuous arteriovenous
rewarming (CAVR), and extracorporeal circulatory rewarming. Humidified ventilator circuits can
be warmed to 41°C. Heated gastric, bladder, or colonic lavage is relatively ineffective because of
the small surface area for heat transfer (7). Peritoneal lavage is generally not feasible in most
trauma patients undergoing laparotomy. Rarely, pleural lavage has been used with the
placement of two ipsilateral chest tubes enabling continuous flow of heated water.

Use of warmed intravenous fluids is one of the simplest and most effective means of providing
heat to the core in patients requiring massive fluid resuscitation. Current fluid warmer technology
allows large volumes of warmed fluids to be infused quickly at 42°C, the current standard
recommended by the American Association of Blood Bank (12). Blood-warming methods include
surface-contact warmers, counter-current warmers, and heated-saline admixture (13). In-line
microwave blood-warming technology (in development) has been shown to heat blood safely to
49°C and shows great promise for the future (14).

Cardiopulmonary bypass has limited applicability in trauma patients due to the need for systemic
anticoagulation. An alternative is continuous arteriovenous rewarming (CAVR) (15). In CAVR,
percutaneously placed 8.5 French femoral arterial and venous catheters, and the patient's blood
pressure, create an extracorporeal arteriovenous circuit that uses the heating mechanism of a
counter-current fluid warmer. Early studies have shown the greater effectiveness of CAVR in
comparison with traditional warming techniques in rapidly rewarming trauma patients with severe
hypothermia (16). However, widespread use of this device has been limited due to: 1) the
learning curve for involved personnel; 2) the infrequency of use at many trauma centers; 3) its
negligible effect on long-term survival; and 4) its associated increase in respiratory distress
syndrome, length of hospital stay, and cost. Veno-venous bypass, although more complex than
arteriovenous systems, can also be performed by using a conventional roller pump to drive blood
through a heat exchanger, however, this requires the constant attention of qualified personnel
(17).
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Acidosis

The association between high lactate levels and increasing risk of death was first described over 40 years
ago by Broader and Weil (18). Since then, several investigators have demonstrated increasing risk of
death with metabolic acidosis as demonstrated by arterial pH, lactate, and base deficit clearance (19).
The deleterious effects of acidosis on the cardiovascular system include decreased cardiac contractility
and cardiac output, vasodilation and hypotension, decreased hepatic and renal blood flow, bradycardia,
and increased susceptibility to ventricular dysrhythmias (20). Acidosis directly reduces the activity of the
extrinsic and intrinsic coagulation pathways as measured by PT and PTT and also diminishes platelet
function as measured by platelet aggregation and platelet factor Il release (7). These adverse effects are
generally not seen until pH decreases below 7.2 (20).

Therapy for metabolic acidosis remains directed toward correcting the underlying hypoperfusion.
Resuscitation endpoints include normalization of arterial pH, base deficit, and lactate. In clinical trials,
researchers have failed to demonstrate any clear advantage of bicarbonate administration, whereas the
potential adverse effects are well documented (21). Bicarbonate administration should be deferred until
the pH persists below 7.2, despite optimal fluid loading and inotropic support (22).

Storage Complications

After 2 weeks of storage, pRBCs have a pH below 7.0, and each unit has an acid load of approximately 6
mEq (12). One of these mEq of acid comes from the fact that pRBCs are made from venous blood with a
starting pH of 7.35, a second mEq is acquired in buffering the citric acid in the anticoagulant, and 4 mEqgs
are generated by glycolysis during pRBC storage. Seven units of pRBCs are expected to increase the
whole body base deficit of a 70 kg man by 1 mEg/L. Five units of cold pRBCs would be expected to
reduce the body temperature of a 70 kg man by about 1°C.

Hypocalcemia

Each unit of blood contains approximately 3 gm of citrate, which binds ionized calcium. The healthy adult
liver will metabolize 3 gm of citrate every 5 minutes. Transfusion at rates higher than one unit every five
minutes or impaired liver function may thus lead to citrate toxicity and hypocalcaemia. Hypocalcaemia
does not have a clinically apparent effect on coagulation, but patients may exhibit transient tetany and
hypotension. Calcium should be given if there is biochemical, clinical or electrocardiographic evidence of
hypocalcaemia.
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Ongoing microvascular
hemorrhage

Resuscitate to euvolemia
Control surgical hemorrhage

[ Check PT/INR, PTT, PLT,
Fibrinogen, Platelet
Functional Assay (PFA),
‘ temperature, pH

Start fluid warmer
Use humidified ventilator circuit
NO—p Consider pleural / peritoneal lavage
OR arterio-venous rewarming for
temperature < 34°C

Is
temperature
improving?

Is
temperature
>36°C?

Remove wet dressings
NO-p Increase room temperature
Place warming blanket

PT/PTT
unavailable OR
> 1 blood volume
ransfused?

YES l
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A
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A

YES

Consider Factor VII
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