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Abstract

When trauma patients are admitted into the intensive care unit after undergoing damage
control surgery, they generally present some degree of bleeding, hypoperfusion, and
injuries that require definitive repair. Trauma patients admitted into the intensive care
unit after undergoing damage control surgery can present injuries that require a definite
repair, which can cause bleeding and hypoperfusion. The intensive care team must
evaluate the severity and systemic repercussions in the patient. This will allow them to
establish the need for resuscitation, anticipate potential complications, and adjust the
treatment to minimize trauma-associated morbidity and mortality. This article aims to
describe the alterations present in patients with severe trauma who undergo damage
control surgery and considerations in their therapeutic approach. The intensivist must
detect the different physiological alterations presented in trauma patients undergoing
damage control surgery, mainly caused by massive hemorrhage. Monitor and support
strategies are defined by the evaluation of bleeding and shock severity and resuscitation
phase in ICU admission. The correction of hypothermia, acidosis, and coagulopathy is
fundamental in the management of severe trauma patients.

Resumen

Cuando el paciente de trauma ingresa a la unidad de cuidado intensivo después de
una cirugia de control de dafos, generalmente aun presenta algun grado de hemor-
ragia, hipoperfusién y lesiones que requieren reparo definitivo. La evaluacién por
parte del intensivista del grado de severidad de tales alteraciones, y las repercusiones
sistémicas, permitiran establecer las necesidades de reanimacion, prever potenciales
complicaciones y hacer los ajustes al tratamiento con el fin de minimizar la morbilidad
y mortalidad asociada al trauma. El objetivo de este articulo es describir las alteracio-
nes que presentan los pacientes con trauma severo manejados con cirugia de control
de dafos y las consideraciones a tener en cuenta para su abordaje terapéutico. Se
presentan los aspectos mas relevantes del manejo del paciente con trauma severo
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y cirugia de control de dafios a su ingreso a la UCI. El intensivista debe conocer las
alteraciones fisiolégicas que puede presentar el paciente de trauma sometido a cirugia
de control de dafos, especialmente las causadas por la hemorragia masiva. La evalu-
acién de estas alteraciones, de la severidad del sangrado y del estado de choque,

y estimar en qué punto de la reanimacién se encuentra el paciente a su ingreso a la
unidad de cuidados intensivos son fundamentales para definir la estrategia de monito-
ria y soporte a seguir. La correccion de la hipotermia, la acidosis y la coagulopatia es la
prioridad en el tratamiento del paciente con trauma severo.

Remark

1) Why was this study conducted?

When the patient is admitted into the ICU, the physician should identify all the
physiological alterations to establish resuscitation management goals. These strategies allow
an early correction of trauma-induced coagulopathy and hypoperfusion increasing the
likelihood of survival. The objective of this article is to describe the physiological alterations
in a severely injured trauma patient who undergo damage control surgery and to establish
an adequate management approach.

2) What were the most relevant results of the study?

The severely injured trauma patient who undergoes damage control surgery and is admitted
to the Intensive Care Unit should always have a comprehensive evaluation that allows

the physician to identify all the physiological alterations and establish the resuscitation
management goals. These strategies allow an early correction of trauma-induced
coagulopathy and hypoperfusion increasing the likelihood of survival.

3) What do these results contribute?

The physician should always be aware and correct the hypothermia, acidosis, coagulopathy
and hypocalcemia presented in the severely injured trauma patients.

Introduction

Damage control surgery has transformed the management of severely injured trauma patients.
It was initially described as a three-step process that included an abbreviated initial surgery
for bleeding and contamination control, aggressive resuscitation in the intensive care unit
(ICU) and then deferred definitive repair '. These principles have been subsequently used

in surgical approaches for vascular, orthopedic, and thoracic injuries **. The objective of the
damage control strategy is to rapidly control life-threatening injuries and reverse physiological
alterations such as acidosis, hypothermia, and coagulopathy (the triad of death). Then a
deferred definitive repair should be performed.

One of the main causes of trauma-related mortality is uncontrolled bleeding. Hemorrhagic
shock leads to tissue hypoperfusion and physiological alterations that ultimately cause organ
dysfunction and death. Consequently, damage control surgery must be directed to massive
bleeding control °.
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When a patient is admitted into the ICU, shock and physiological alterations must be
identified and corrected. The biggest challenge is to identify if the bleeding is secondary to the
injury itself or to the trauma-induced coagulopathy. The early implementation of the strategies
to evaluate and correct the trauma-associated disorders improves the prognosis of the severely
injured patient . Once resuscitation has been completed, the patient should be taken back to
surgery for definitive repair. The objective of this article is to describe the experience obtained
by our group in the ICU management of severely injured trauma patients who undergo
damage control surgery.

This article is a consensus that synthesizes the experience earned during the past 30 years

in trauma critical care management of the severely injured patient from the Trauma and
Emergency Surgery Group (CTE) of Cali, Colombia which is made up of experts from the
University Hospital Fundacion Valle del Lili, the University Hospital del Valle “Evaristo
Garcia”, the Universidad del Valle and Universidad Icesi, the Asociacion Colombiana de
Cirugia, the Pan-American Trauma Society and the collaboration of international specialists of
the United States of America, Europe, Japan, South Africa, and Latin America.

Resuscitation in ICU

Initial Evaluation

Once the patient is transferred to the ICU after damage control surgery it is of utmost
importance to evaluate the severity of shock. Therefore, extensive laboratory testing and close
monitoring of the hematologic, hemodynamic, and respiratory systems should be performed.
We propose the following management (Table 1).

Acid-base status

Severe trauma patients are usually admitted to the ICU with severe metabolic acidosis and
hypothermia. Metabolic acidosis alters platelet function, coagulation factors, and thrombin
generation. These conditions increased the mortality rate with a greater need for blood
products transfusion 7% Some studies have shown that a pH of 7.1 or less is the limit for a
severe coagulation pathway compromise °. Also, a base excess (BE) of -12.5 or less has been
considered as a sensitive measure of inadequate perfusion (10). When tissue perfusion is
restored, these parameters will be corrected.

Temperature

A temperature below 34°C increases the mortality rate of severely injured trauma patients,

the mortality is almost 100% when a temperature of 32° C or lower is reached. A decrease in
body temperature causes alterations in platelet function, coagulation proteases, and fibrinolytic
activity ''. Therefore, hypothermia induces trauma-induced coagulopathy, which is like a
coagulation factor deficiency state 2. The main cause of hypothermia in severely injured trauma

Table 1. Management of the trauma patient undergoing damage control surgery in Intensive Care Unit

Management Intervention
Assessment of Acid-Base status Serial monitoring of blood gases
Correction of Hypothermia Warmed Fluids

Reversal of Coagulopathy
Correction of electrolytes disturbances

Assessment of Tissular Perfusion

Active rewarming strategies

Massive Transfusion Protocol

Transfusion therapy guided by viscoelastic tests (TEG / ROTEM)
Monitoring and correction of hypocalcemia (Calcium Ion 1.1-1.3 mmol/L)
Monitoring and correction of hypercalcemia

Hemodynamic status

Tissular perfusion markers (Lactate and Base Excess)

Vasopressor and inotropic support
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patients is the administration of large amounts of cold intravenous fluids. Fluid resuscitation
should be limited to maintain a mean arterial pressure > 65mmHg and a systolic blood

pressure > 90 mmHg. Hypothermia has also been associated with some complications such as
bradycardia, first-degree atrioventricular block, prolonged QT, surgical site infection, and/or
pneumonia **°. Therefore, the physician should ensure its early identification and management.

Anemia

Platelets play an important role in coagulation reactions, which are important to the injured
endothelium. Where tissue factor is exposed, the platelets adhere and aggregate themselves '.
Under normal conditions, platelets are ejected to the marginal layer closer to the blood vessel
wall due to the interaction with erythrocytes in their number and size V”. Platelet activation and
adhesion depend on the adenosine diphosphate (ADP) of red blood cells and are inhibit with
decreased hematocrit levels '®. In severely injured trauma patients, the hemorrhage and the
large volumes of fluids have a significant effect on hematocrit and hemostasis. Some studies
demonstrate that the coagulation pathways are disturbed before tissue hypoxia **. Therefore,
the resuscitation with normal platelet and hematocrit levels is the initial objective to restore
hemostasis .

Calcium

A calcium level below 0.9 mmol/L has been related to increased mortality rates (Normal Ionized
calcium levels are between 1.1 to 1.3 mmol/L). Hypocalcemia causes life-threatening rhythm
disorders of the heart and coagulation pathway dysfunction due to its function in clotting factors
recruitment, fibrinogen to fibrin conversion, platelet and C-reactive protein activation, among
others "% The main causes of hypocalcemia are hemodilution and citrate-containing blood
products. This condition is aggravated by shock and ischemia-reperfusion*%.

Hemodynamic status and tissue perfusion

The severity of shock should be determined to establish resuscitation goals in the severely
injured trauma patient undergoing damage control surgery. Bleeding control is the priority,
it reverses the hypoperfusion state and organic failure of the patient *. At the same time,
minimum perfusion levels and permissive hypotension should be established to avoid
hemorrhage exacerbation (systolic blood pressure between 60-90 mmHg) ». Once bleeding
has been controlled, the hemodynamic status of the patient should be assessed. Blood pressure
and heart rate have been traditionally used to estimate the degree of hypovolemia according
to the Advanced Trauma Life Support (ATLS) classification. However, these parameters have
a low sensitivity in young patients and should not be used as an isolated reference . Up to
85% of the severely injured trauma patients with normal hemodynamic parameters could
have occult hypoperfusion with persistently increased BE or lactate levels 2. Therefore,

the implementation of the tissue perfusion (BE and lactate levels) with the hemodynamic
parameters contribute to a better physiological status assessment of the patient and adequate
resuscitation guidance.

Coagulation

The causes of coagulopathy in patients with severe trauma are multifactorial. Two categories
are recognized: trauma-induced coagulopathy and resuscitation-related coagulopathy*.
Around 25 to 35% of the trauma patients had acute trauma-induced coagulopathy on
admission due to tissue damage and shock. This disorder is a hypercoagulable state produced
by endogenous anticoagulant activity (endogenous heparinization, C-reactive protein
activation, hyperfibrinolysis, and platelet dysfunction) that at the microvascular level
counteracts the procoagulant condition "%,
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The resuscitation-related coagulopathy is caused by the dilution of coagulation factors due

to fluid resuscitation and/or coagulation dysfunction secondary to hypocalcemia, acidosis

or hypothermia *. A rapid and reliable diagnosis of coagulopathy is crucial. There are two
types of tests, the standard coagulation tests (prothrombin time, partial thromboplastin time,
International normalized ratio , fibrinogen level, and platelet count), and the viscoelastic tests
(Thromboelastography, Thromboelastometry). The standard coagulation tests have limited
ability to reveal the coagulation status in vivo, therefore are poor predictors and do not provide
a realistic target for resuscitation ***!. Whereas some evidence shows that viscoelastic testing is
superior for coagulation disturbances detection in trauma patients * It is important to notice
that neither of these tests reflects the effect of hypothermia on coagulation since both are
performed at 37° C°.

Resuscitation strategy

Once the physiological alterations have been identified, the resuscitation should be directed.
The recommendation for the management of hypothermia is the implementation of active
rewarming strategies with a surface, intravascular, air and/or fluid warming devices.

Hypocalcemia management has been recognized as a critical factor for resuscitation in

the “Lethal Diamond” proposal #*. Although a defined consensus is not yet available, it is
recommended an early administration of calcium to ensure levels between 1 and 1.2 mmol/L,
starting with 1 gram of calcium chloride or its equivalent in calcium gluconate after the
transfusion of the first 4 units of blood components. Then, the correction of the calcium level
should be based on serial monitoring of the ionized calcium levels *.

The main cause of acidosis in trauma patients is hypoperfusion. The volume should be
optimized via the administration of intravenous fluids, blood components, vasopressors,
and inotropic support. These are the main pillars of resuscitation management. Additionally,
hemodynamic optimization is associated with the coagulopathy correction following the
hemostatic resuscitation strategy. Initially, the institutional massive transfusion protocol
should be activated, which is usually started with packed red blood cells and fresh frozen
plasma in a 1:1 ratio and then platelets and cryoprecipitate “.

Holcomb et al. compared transfusion ratios of 1:1:1 and 2:1:1 of packed red blood cells: fresh
frozen plasma: platelets without statistical difference in the mortality rate”’. Another approach
is goal-directed coagulation therapy, which proposes individualized transfusion management
based on the results of viscoelastic tests *. When the coagulopathy disorders have been
controlled, some patients may remain hypovolemic requiring additional fluids administration.
They may also have myocardial dysfunction requiring inotropic support or a vasodilatation
state needing vasopressor support *!. The vasopressors improve the microvascular perfusion
but also can compromise it if the hypovolemia persists. Therefore, the physician should always
ensure blood volume *.

Conclusion

The severely injured trauma patient who undergoes damage control surgery and is admitted
to the Intensive Care Unit should always have a comprehensive evaluation that allows

the physician to identify all the physiological alterations and establish the resuscitation
management goals. These strategies allow an early correction of trauma-induced coagulopathy
and hypoperfusion increasing the likelihood of survival.
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