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Intracranial hypertension is a common finding in severe traumatic brain injury, and requires treatment in the intensive care

unit with intracranial pressure monitoring and, when possible, the application of multimodal neuromonitoring. A three-tier

approach is suggested in current rec-ommendations, with higher tier therapies having more significant side effects.

Researchers explain the rationale for this approach, they analyze the benefits and risks of each therapeutic mo-dality, and

they discuss how to adapt the therapy to the resources available, based on the most recent recommendations.
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1. Introduction

Severe traumatic brain injury (TBI) is defined as “an alteration in brain function, or other evidence of brain pathology,

caused by an external force”, causing a drop in Glasgow Coma Scale (GCS) to £ 8  .   A common characteristic of

severe TBI is intracranial hypertension (ICH), which ranges, in different cohorts, from 50-80% of the cases and carries the

risk of cerebral herniation . An escalating approach has been adopted for the treatment of ICH, 

(Figure 1) in which, the different treatment modalities are prioritized according to their efficacy and relative risks of their

application . More difficult to control, refractory ICH, will require higher tier therapies that carry the highest

risk of complications. A prerequisite for the application of these treatments is considered the admission of the patient to

the intensive care unit (ICU), where these interventions can be applied in the safest possible way. Basic support

measures applied in the ICU are considered tier zero, while initial treatments targeting the ICH in particular are considered

as tier one treatments (Figure 1).  Even though these interventions are not free of complications, a significant effect on

survival has recently been attributed to treatments beyond this level . For this reason, tier two and three therapies

require increased caution, clinical experience and warrant special consideration .
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Figure 1. Treatment modalities included in the tiered approach to intracranial hypertension. ICU: Intensive Care unit;

ETCO : End tidal carbon dioxide partial pressure; ICP: Intracranial pressure; SpO : Oxygen saturation; CPP: Cerebral

perfusion pressure; Hb: Hemoglobin concentration; SerOsm: Serum osmolality; CSF: cerebrospinal fluid; EVD: External

ventricular drain; EEG: Electroencephalography; NMB: Neuromuscular blocker; MAP: Mean arterial pressure.

2. Tier two therapies

2.1. Mild hypocapnia (PaCO2 32-35 mmHg)

Most clinicians treating patients with TBI know that mild hyperventilation is an effective and rapid way to reduce the ICP by

inducing cerebral vasoconstriction and reducing cerebral blood flow . However, it carries the risk of cerebral ischemia

.  One important point is that the basic component for the safe application of hyperventilation is the

concomitant application of multimodal neuromonitoring that includes a focal and global assessment of the adequacy of

cerebral oxygenation . In practice, advanced neuromonitoring techniques are not always available in general ICUs,

yet, and this limits the range of potentially useful interventions in many TBI patients. In view of such restrictions, and

based on current limited evidence, mild hyperventilation is considered as an acceptable measure before escalating to

other treatments. Still, close monitoring of the PaCO  is of paramount importance in order to avoid lowering the PaCO to

< 30 mmHg .

Lowering PCO may pose additional problems to trauma patients, besides the risk of brain ischemia . It is

reasonable to avoid hypocapnia during the first 24 hours after brain trauma, when the blood flow to the brain is known to

be reduced . Hypocapnia below 30 mmHg had better be kept as a temporizing measure for the cases of extremes in

ICH, when signs of critical neuroworsening (Figure 2) or impending herniation are present. It can then be applied for a

limited period of time, as a bridge to higher tier therapies, until other, more appropriate measures are applied.

Subsequently, a gradual return to normocapnia is advised, in order to avoid rebound ICH .

Figure 2. Definition, causes, and management of critical neuroworsening. mGCS: motor Glasgow coma score; PLR:

pupillary light reflex; SOL: space occupying lesion; ICP: intracranial pressure; HOT: hyperosmolar therapy

2.2. Neuromuscular blockade (NMB)

The main concerns regarding the use of NMB are the increased risks for ventilator associated pneumonia and its

association with ICU - acquired neuromuscular weakness, otherwise termed ICU-neuromyopathy . The latter can

significantly affect the quality of life of patients discharged from ICUs, and is related to the post intensive care syndrome,

which affects more than 60% of ICU survivors . There are trauma patients who also present with lung contusions, acute

respiratory distress syndrome (ARDS) or abdominal compartment syndrome, and for whom NMB is otherwise indicated

. The evidence for the effect of NMB on ICH is very limited, with its size reportedly ranging within just 2-3 mmHg.

Neuromuscular blocker use is justified during stimulating procedures such as tracheal suction and bronchoscopy, in

patients who are deeply sedated. It can also be necessary during the application of cooling measures to lower body

temperature, and, since muscular activity significantly contributes to CO  production, NMB can also assist CO  control .

A trial for NMB is currently suggested for patients in whom ICH is not controlled with tier one measures, with continued

infusion reserved for those who show a favorable response .
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2.3. Assessment of static autoregulation – The mean arterial pressure (MAP) challenge

Cerebral pressure autoregulation can be severely impaired following TBI . While the assessment of dynamic pressure

autoregulation requires special equipment, static pressure autoregulation (sPAR) can be evaluated at the patient’s

bedside . When baseline CPP is above the lower breakpoint of sPAR and then raises further, the resulting

vasoconstriction decreases cerebral blood volume, and ICP may also drop. To perform the assessment, the clinician

needs to maintain “otherwise stable conditions”, record baseline parameters, titrate vasopressors to a MAP rise of 10

mmHg, and observe and record the response for a maximum of 20 min. Subsequently, MAP/CPP needs to be adjusted,

according to whether sPAR is intact or disrupted. The ideal positive response, comprises an ICP drop in response to the

MAP rise .

The assessment of sPAR is associated with several clinical challenges.  To perform the test, significant experience is

required in treating the increase in ICP caused by the rising MAP when sPAR is disrupted. The adjustment of MAP/CPP is

a clinical decision that needs to take into account the relative risks of increasing vasopressor infusion rate. Finally,

similarly to dynamic pressure autoregulation status, sPAR is not stable over the clinical course of TBI patients, and may

require frequent reassessment . The adjustment of CPP may be particularly challenging in trauma patients who require

high vasopressor infusion rates to maintain a MAP of ≥ 70 mmHg (for example), or have concurrent ARDS or cardiac

dysfunction .

3. Tier three therapies

3.1. Therapeutic hypothermia

Lowering body temperature, and in particular brain temperature, below 36 °C decreases the metabolic demands of brain

tissue, hence decreases cerebral blood flow, blood volume and ICP. At the cellular level, hypothermia mitigates calcium

induced neurotoxicity, neuronal apoptosis, inflammatory response, and cytotoxic oedema . Despite these experimental

findings, these reports did not translate in positive clinical outcomes . Based on these results, current

recommendations suggest the use of mild hypothermia, targeting core body temperatures of 35–36 °C as tier three

therapy. Temperatures of < 35 °C are not recommended, due to increased risk for systemic complications .

When considering hypothermia, the overall patient’s condition needs to be evaluated in view of the likely side effects. The

latter may include impaired cardiac contractility, coagulation and platelet function, increased risk for arrhythmias and

infections, and significant fluid and electrolyte shifts . These complications have been reported mainly in patients

cooled down to 32–35 °C, while many of them are more pronounced during the rewarming phase . The targeted

temperatures can be achieved in many patients with the use of external cooling measures. Cooling blankets or other

devices with feedback control should be used when available, in order to avoid lowering body temperature below the

desired level, as well as temperature shifts . Compared to other tier three treatments, temperature management may

be more suitable for patients without active bleeding and signs of shock, who are not candidates for surgical

decompression.

3.2. Metabolic suppression with barbiturates

Barbiturates can induce greater metabolic suppression than midazolam or propofol, and also have antiepileptic properties.

By depressing brain function, oxygen consumption and metabolism, they also reduce cerebral blood flow and ICH .

They have antiepileptic properties, bind to neuronal γ- aminobutyric acid alpha (GABA ) receptors and cause neuronal

hyperpolarization and inhibition of the action potential . In addition, it has been shown that barbiturates reduce lactate

and pyruvate production in the brain and inhibit lipid peroxidation mediated by free radicals . These findings suggest

that not only are barbiturates effective in the treatment of ICH, but they also possess significant neuroprotective effects.

Nevertheless, there is no evidence to support an improvement in clinical outcomes with their use .

A plausible argument for this discrepancy is that these sedatives have significant side effects, the most prominent being

hemodynamic compromise, hypotension and myocardial depression. Consequently, their use is limited in trauma patients

with shock or myocardial injury, since they may further increase vasopressor requirements for the maintenance of

adequate CPP . Other side effects are immunosuppression, hepatic and renal dysfunction, and suppression of gut

motility. At increased doses, barbiturates suppress the pupillary light reflex, in which case patient monitoring relies mainly

on invasive measures or imaging. Finally, their use can lead to prolonged sedation due to drug accumulation, and

consequently to prolonged need for mechanical ventilation . Dyskalemias, usually appear as hypokalemia

during the loading phase and hyperkalemia during withdrawal; the latter may require renal replacement therapy in some

cases .
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When metabolic suppression with barbiturates is planned, a test dose should be administered first and the patient’s

response should be recorded. A favorable response is characterized by ICP drop and concurrent maintenance of

adequate CPP.  If this is achieved, then loading doses can be administered. The endpoint of barbiturate administration

should be ICP control, and the minimum effective dose should be used in order to minimize the keep side effects.

Electroencephalographic monitoring should ideally be applied, in order to titrate the barbiturate infusion rate to a

suppression – burst pattern of >> 50%; further increase in barbiturate dose are unlikely to affect ICP . When

therapeutic targets are fulfilled and barbiturates are to be withdrawn, a gradual reduction over a few days is advised, so as

to avoid hyperkalemia and rebound ICH.   

3.3. Decompressive craniectomy

Decompressive craniectomy lowers the ICP, and this has been confirmed by two randomized trials . Complications

of craniectomy include infections, intracranial hemorrhage, seizures, transcranial herniation, formation of subdural

hygroma, and hydrocephalus. These potential complications, along with the risk of cranioplasty  and the high baseline

risk of a poor neurological outcome, may hinder a decision for secondary decompression. These issues, as well as the

probable need for long term care, need to be thoroughly explained to the patients’ families. Decompressive craniectomy

remains a tier three therapy, while patients more likely to benefit are those with unilateral pathology, previously fit, with

adequate social support, in the setting of adequate medical and social resources. It is also a rescue option in other

patients not responding to conservative treatments .

4. Conclusions

Tier two and three therapies for ICH in TBI are associated with significant adverse effects and complications. Therefore,

these treatments should be chosen when ICH poses a bigger threat to the patient. Current tier concepts allow for flexibility

in the choice of therapy and for patient-tailored approaches in different resource settings. Individualized approaches can

be achieved by the use of imaging and neuromonitoring modalities, and future research should be oriented toward

strengthening the evidence for these treatments and identifying patient profiles that can benefit from each one of them.
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