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Summary: This article contains the current state of knowledge on modern methods of treating patients with severe cranio-cerebral
injuries, hospitalized in intensive care due to respiratory failure. Severe traumatic brain injury (TBI) can be divided into primary and
secondary. Primary brain damage takes place in mechanism of direct injury most often due to an impact. Secondary damage is the
result of subsequent disorders of physiological conditions such as ischemia and hypoxia of the brain areas covered by the primary
injury. Treatment of patients with severe cranio-cerebral injuries is focused on maintaining proper ventilation, hemodynamic stabil-
ity and optimal values of intracranial pressure. Maintaining adequate blood flow through brain vessels is necessary to prevent the
development of ischemic changes. Respiratory failure develops in these patients by direct injury to the brain in the form of tachypnea,
bradypnoea, shortness of breath, sleep apnea, or secondarily to trauma as pneumonia, acute respiratory distress syndrome (ARDS),
or pulmonary edema. Mechanical ventilation in patients with TBI seeks to maintain an oxygen partial pressure in the arterial blood of
more than 11 kPa and the partial pressure of carbon dioxide in the range of 4.5 to 5.0 kPa. The use of appropriate therapy is to prevent
the secondary damage to the brain or reduce complications associated with secondary damage.
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Introduction

Head injuries are the main cause of morbidity and mortality in all age groups. The most common causes. The
most common causes of brain injury are motor vehicle accidents, falls, sports injuries, collisions, and assault and
violence. Clinical reviews of the European Union show that 40% of traumatic brain injury was the result of traffic
accidents (Tagliaferri et al. 2006).

Craniocerebral trauma is accompanied by neuropathological changes that depend on the type and severity of
the injury. Neuropathological changes are divided into focal damage such as bruising of brain tissue, hemorrhage,
skull fractures and extensive damage, which include diffuse axonal injury, diffuse vascular damage, ischemia and
cerebral edema.

The result of brain contusions are intracerebral hematomas, often accompanied by fractures in the area of
contusion. This type of damage is usually the result of trauma contrecoup injury of brain and relate to the frontal
lobes, orbital surface of the frontal lobes, orbital surface of the frontal lobes, temporal lobes and side surfaces. Se-
vere brain contusions lead to hemorrhage into the brain parenchyma and increased intracranial pressure.

Another consequence of brain injury is epidural hematoma. It arises in patients with severe head injury, usu-
ally accompanied by fracture of the temporal bone husks and tear the middle meningeal artery. The volume of
hematomas than 150 ml is a poor prognostic factor (Stienen M et al. 2013).
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Subdural hematoma is caused by the rupture of connecting veins, especially those in the vicinity of the upper
bay fibula. Most often it is the result of rapid acceleration or inhibition of the head. Subdural hematomas are divid-
ed into acute when formed shortly after the injury, sub-acute appearing 1-2 weeks after injury, and chronic when
there are more than two weeks after the injury. Patients of Intensive Care Unit are usually hospitalized with acute
subdural haematomas after surgical decompression of the hematoma.

Often, brain contusions and rupture are accompanied by accumulation of blood in the sub-arachnoid space.
Massive sub-arachnoid hemorrhage can occur due to rupture of the vertebral artery, basilar artery of the brain or
another. This event is often fatal (Geraldes et al. 2014).

Cerebral edema occurs commonly in patients with cranio-cerebral injuries. There is a vasogenic edema, brain
injury as a result of cerebral vasodilation in which there is an increase in blood volume flowing through the brain
or to leakage of cerebrospinal fluid as a result of failure of the blood-brain barrier. Cytotoxic edema occurs when
there is an increase in intracellular water content of the central nervous system. Cerebral edema is the cause of
raised intracranial pressure and cerebral blood flow pressure drop, leading to ischemic brain damage.

Trauma, hypoxia, ischaemia and hypoglycaemia, often lead to the destruction of axons within the brain. Pa-
tients with diffuse traumatic axonal are unconscious, and the prognosis is poor. Most end up fatal or serious injury
or permanent vegetative state (Sullivan et al. 2013).

Selected treatment of patients with cranio-brain injuries

Intensive treatment of patients with severe brain injuries includes elements of surgical and conservative
treatment. Cerebral ischemia is the most important secondary factor that influences the outcome. To maintain the
normal range of brain perfusion pressure, the correct mean arterial pressure must be provided. It is indicated for
hemodynamic stability and avoidance of hypotension through proper filling of the vascular bed. Isotonic crystal-
loid and colloid are applied, and if necessary, blood decongestants (Johnston et al. 2004).

In post-traumatic intracranial pressure monitoring (ICP) appropriate sedation, analgesia and muscle relax-
ants as needed play a crucial role. Most of sedative act as an anticonvulsant. Muscle relaxants affect the optimiza-
tion of the mechanical ventilation in patients with severe traumatic brain injuries, minimize coughing and muscle
tone which are responsible for, inter alia, the increase of ICP. The most common drugs used for sedation is propofol
and short acting benzodiazepine - midazolam. They cause a dose-dependent reduction of cerebral oxygen metab-
olism and cerebral blood flow (Johnston et al. 2003). Propofol acts quickly and briefly, therefore, allows for rapid
assessment of the neurological status of the patient. It is given as a continuous infusion. It has a beneficial effect on
the intracranial homeostasis, does not interfere with the mechanism of autoregulation of cerebral circulation and
cerebral vascular reactivity in response to the change of carbon dioxide (Tobias 2000). While using of propofol,
there may, however, occur a cardio-respiratory collapse and the propofol treatment syndrome (Kumar et al. 2005).

In the treatment of patients with brain injuries, a very important aspect is pain therapy. Suitable doses of
paracetamol, and opioids provide analgesia to such extent to avoid increased ICP. The most commonly used are:
morphine, fentanyl and remifentanil. Fentanyl and remifentanil have short duration but a continuous infusion of
fentanyl results in accumulation in tissues and remifentanil has a half-life of less than 5 min, therefore, does not
accumulate.

Barbiturates are another group of agents used in the treatment of severe cranio-cerebral. They reduce ICP, de-
crease the metabolism of the brain, impair vascular hemodynamics, reduce cellular acidosis (Mansour et al. 2013).
The infusion of barbiturates, especially in large doses is a cause of hypotension due to impaired venous return,
baroreceptor reflex inhibition and a depressive effect on the heart muscle, therefore their use should be cautious
and justified by refractory intracranial pressure that does not respond to any other treatment.

Patients with severe brain injuries require respiratory support with mechanical ventilation. Mechanical ven-
tilation should be included in the early stages of cranio-cerebral treatment to avoid hypoxemia and hypercapnia,
which secondarily leads to the development of intracranial hypertension (Ghajar, 2000). One have to choose the
kind of mechanical ventilation to maintain oxygen tension and carbon dioxide in the arterial blood within the nor-
mal range. Patients after neurosurgical and trauma surgeries of the skull or brain tumors usually have increased
ICP. Using ventilation with positive pressures, especially PEEP (positive pressure ventilation with end-tidal) de-
creases venous return from the head which leads to an increase in ICP. Another mechanism that leads to disruption
of cerebral blood flow during ventilation with PEEP is a decrease in cardiac output and, consequently, a decrease
in mean arterial pressure and cerebral perfusion pressure (Caricato et al. 2005). When the value of the ICP is high,
ventilation with PEEP should be carefully used. Helmy et al. reported that PEEP to 12 cm H20 does not cause a
dangerous increase in ICP (Helmy et al. 2007).
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In clinical practice, in order to reduce ICP hyperventilation applies also to bring about a drop in the pressure
of carbon dioxide in arterial blood. Lowering PaCO2 causes cerebral vasoconstriction and parallel decrease in
cerebral blood flow and the ICP. This practice by is not recommended by many authors, because vasoconstriction
due to hypocapnia may worsen cerebral ischemia and cause cerebral lactic acidosis. (Solaiman, Singh 2013). In
addition, if you are trying to restore the value of PaCO2 by reducing hyperventilation, there may be an increase in
ICP with reflection, which results in excessive blood supply to the brain tissue as a result of reperfusion injury and
in places previously ischemic bleeding may occur (Marik et al. 2002).

In the treatment of cranio-cerebral trauma, in order to reduce the ICP osmotic diuretics and concentrated solu-
tions of sodium chloride are applied. Mannitol is currently only used osmotic diuretic. After intravenous use no back-
flow is absorbed in the renal tubules, depending on the osmotic pressure, the water is stopped in the light of the
channel and the diuresis is increased. With the intact blood-brain barrier, mannitol creates the osmotic gradient
and the displacement of water from the vascular compartment reduces brain swelling. At osmolarity more than 320
mOsm / | supply of this drug is contraindicated because it increases neurological and renal side effects (Ye, Su 2013).

Hypertonic sodium chloride solution has an osmotic effect by displacing the water in accordance with the
osmotic gradient from the brain parenchyma into the intravascular space, so the tissue pressure is decreased, cell
size, and thereby, the swelling of the brain is reduced (Diringer 2013).

Patients with cranio-cerebral injuries often suffer from cardio-respiratory and systemic complications. The
cause of them is direct brain injury and concomitant injuries and complications of treatment. Zyguan et al argue
that the failure of one organ is associated with a mortality rate of about 40%, in case of failure of two organs in-
creases to about 47%, and if the damage is three or more bodies mortality reaches 100% (Zyguan et al. 2005).

Cardiovascular complications after brain injuries occur in the form of hemodynamic instability, relative hypoten-
sion, which requires the use of vasoactive agents in the treatment and in the form of disturbances in heart rhythm, of-
ten requiring urgent intervention (supraventricular tachycardia, ventricular fibrillation). Acute cardiac failure while
brain injury is probably secondary to the accompanying increase in the concentration of catecholamines [Macmillan
etal. 2002]. The commonly used drugs are vasoactive epinephrine, norepinephrine, dopamine and dobutamine. Sym-
pathomimetics are working on the principle of stimulation of naturally occurring adrenergic receptors. They are used
to increase the mean arterial blood pressure and cerebral perfusion pressure, as well as in patients who developed
neurogenic pulmonary edema, myocardial dysfunction and organ failure. Before using vasoactive drugs, one should
always rule out hypovolemia and make up the volume of circulating blood. Recommendations of Brain Trauma Foun-
dation in 2007 are such that brain perfusion pressure ought be maintained at 50-70 mmHg but aggressive main-
taining this pressure above 70 mmHg by using fluids and vasoactive drugs is not recommended due to the increased
incidents of respiratory distress syndrome (The Brain Trauma Foundation, 2007).

Neurogenic pulmonary edema is another consequence of brain injury. The treatment in this case is based
on the use of oxygen therapy, ventilator support with respirator, and dobutamine which improves function of left
ventricular. Diuretics and nitrates should be used with caution, as they cause a reduction in blood pressure, and
decrease in blood and cerebral perfusion pressure (Scalf et al. 2013).

Patients with traumatic brain injury often have respiratory complications in the form of pneumonia, choke
and ARDS (Acute respiratory distress syndrome). Pneumonia develops in these patients as a result of different
mechanisms, the most common are: aspiration of secretions from the nasopharynx in patients in a coma, elderly
age, carrier state of Staphylococcus aureus, the infusion of drugs that cause sedation and barbiturates, which have
a immunosuppressive effect. In the treatment of pulmonary inflammation, the most important is early targeted
antibiotic therapy, the use of tubes for intubation with the gasketing cuffs of small volume and low pressure, which
prevent microaspiration (Young et al. 2006).

ARDS is a severe lung injury where Pa02/FiO2 ratio is less than 200. ARDS is a common complication in pa-
tients with brain injuries, associated with a higher risk of death and neurological complications. Therapy involves,
inter alia, the use of so-called. saving ventilation, which means the use of small tidal volumes to avoid over-expan-
sion pulmonary barotrauma and decrease in systemic pressure, because the lungs in ARDS are functionally small
(Petrucci, Iacovelli 2004).

Modern methods of preventing cranio-cerebral trauma complications

The result of treatment of patients with craniocerebral trauma is undoubtedly great influenced by primary
brain injury severity, but many factors that occur in the post-trauma phase contribute to traumatic secondary brain
damage. Secondary damage worsens morbidity and increases mortality. Intracranial hypertension, hypoxemia, hy-
pocapnia, systemic hypotension, fever, hyperglycemia and hypoglycemia are the factors that secondarily damage
brain. Suitable treatment of patients with traumatic brain injury is the basis of a neurological intensive care.
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Yan E and et al. on the basis of tests carried out in 44 patients with traumatic brain injury show that in sec-
ondary hypoxic brain involves greater production of cytokines and growth levels of biomarkers in serum, which is
associated with chronic neurogenic inflammation and correlates with poor prognosis (Yan et al. 2013).

It has long been believed that the cooling of the patients has a neuroprotective effect. Body temperature in
the range of 36.50 to 37.50 C C allows to maintain proper homeostasis. CNS temperature below 350C is defined as
hypothermia. Implementation of hypothermia in the treatment of patients with brain injuries is controversial, but
it id used due to the effect of decreasing the ICP (Polderman et al. 2002). Farag E et al at in their work, report that
use of hypothermia in patients with traumatic brain injury in secondary trauma treatment is not recommended. In
contrast, it is important to maintain normothermia and avoid hyperthermia (Farag et al. 2011).

Secondary brain damage is caused by intracranial hypertension and cerebral edema. One of the methods of
treatment of cerebral edema is the use of osmotically active agents. The most used are mannitol and hypertonic
sodium chloride solution. Aside from decreasing ICP, they also improve the blood supply to the brain and improve
the conditions for the distribution of oxygen There are studies that prove that it seems preferable to use hypertonic
sodium chloride solution than mannitol, as in patients with multi-organ injuries contributes to hemodynamic sta-
bility and prevent secondary complications. Furthermore, concentrated solutions of salts have the neurohumoral
and immunological effect, which may be beneficial in the brain resuscitation (Grape, Ravussin 2012).

Grande and Romner in their work draw attention to the need for osmoteraphy to prevent acute compression
of the brain stem until the decompressive procedures are performed, for instance, craniotomy evacuating the he-
matoma. In contrast, the routine use of a hypertonic solution of mannitol and sodium chloride is not favorable due
to a number of complications, inter alia, electrolyte disturbances, renal failure progression, rebound increase in
ICP after discontinuation of the infusion of osmotically active factors (Grand, Romner 2012).

If there is damage to the blood-brain barrier, mannitol supply leads to cerebral edema and axonal destruction
by the disintegration of myelin sheaths. P. Kozler et al conducted a study which shows that in such cases, used in-
travenous methylprednisolone can effectively reduce the damage to axons (Kozler et al. 2011).

The development of respiratory complications in patients with traumatic brain injury is quite often. ARDS is a
severe lung damage associated with high mortality. There are many methods for the treatment of acute respiratory
distress syndrome. One of the methods less commonly chosen due to low availability of such respirators is the
high frequency ventilation (HFV). Vrettou et al show advantages in comparison with a conventional mechanical
ventilation (CMV). They measured the effect on the pressure of oxygen and carbon dioxide in the arterial blood,
systemic hemodynamics, ICP, and the pressure of cerebral perfusion in patients with traumatic brain injury. These
researchers concluded that the use of HFV in patients with ARDS with traumatic brain injury improved oxygena-
tion and respiratory mechanics without negative impact on PaC02, hemodynamics and ICP (Vrettou et al. 2013).

Very important in the treatment of patients with cranio - cerebral injuries is leveling fluid and electrolyte and
metabolic disturbances. Levelling of water and electrolyte balance is to maintain homeostasis. Patients should be
adequately hydrated to maintain normal plasma volume, left ventricular filling pressure , cardiac output and blood
pressure and adequate tissue oxygenation. The purpose of such treatment is to prevent the secondary damage to
neurons due to insufficient supply of tissues with oxygen. Clifton et al in their work found that maintaining a nega-
tive fluid balance below -594 ml in a day is associated with a worse prognosis. There is no reliable data indicating
justification of the validity limit fluid intake in patients with head injury in order to reduce swelling of the brain
(Clifton et al. 2002). Maintaining of normowolemii and normal physiological indicators on cerebral blood flow is
essential in the treatment of these patients.

Conclusions

1 Treatment of patients with severe cranio-cerebral injuries is focused on maintaining normal intracranial pres-
sure, ensuring adequate ventilation and hemodynamic stability.

2 Respiratory failure develops in these patients as a result of direct injury to the brain in the form of tachypnea,
bradypnoea, shortness of breath, sleep apnea, or secondary to trauma as pneumonia, ARDS or pulmonary edema.
3 Maintaining normal cerebral blood flow is necessary to prevent the development of ischemic changes.

4 The use of appropriate therapy is to prevent secondary brain damage or reduce the complications associated
with secondary damage.
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