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A n elevation in intracranial pressure can be a medical or 
 surgical emergency. There are many possible conditions that can lead to 
elevated intracranial pressure on either an acute or a chronic basis (Table 1). 

In this article, we focus on the increased intracranial pressure that occurs in pa-
tients after traumatic brain injury, since this is an area in which there are both 
physiological and clinical data.

Traumatic brain injury is a medical and social problem worldwide, with an 
estimated 10 million cases leading to hospitalization or death each year.1 In low- 
and medium-income countries, in which the use of motor-powered transportation 
is increasing, the incidence of this condition is rising2 and involves predominantly 
young men. In contrast, in richer countries, the epidemiology of traumatic brain in-
jury is changing because of two main factors: the rate of traffic incidents is decreas-
ing owing to successful enforcement of safety laws and preventive measures, whereas 
the aging of the population makes such injury in the elderly more frequent.2-4

Falls are a frequent cause of injury in older patients, often resulting in contusive 
brain injury. Elderly patients often have multiple coexisting illnesses and are fre-
quently taking a number of medications, including anticoagulants and platelet 
aggregation inhibitors.4 These medications may contribute to the development of 
hematomas and hemorrhagic expansion of contusions. In the past, it was gener-
ally thought that traumatic brain injury in elderly persons was associated with a 
uniformly bad outcome, and as a consequence more aggressive treatment was 
often withheld.5 Although increasing age is unequivocally an independent predic-
tor of a poor outcome,6 recent data suggest that favorable outcomes, at least in the 
short term, are no longer uncommon among elderly patients7; however, these pa-
tients require sustained, high-level medical care and rehabilitation.

Pathoph ysiol o gy

Normal intracranial pressure in adults is below 15 mm Hg, with transient increases due 
to coughing or sneezing. Intracranial-pressure values that are sustained above 20 mm Hg 
are considered to be pathologic in adults and an indication for intensifying treatment 
in patients with traumatic brain injury. Under normal conditions, the total volume 
within the skull remains constant and is determined by the sum of the cerebrospinal 
fluid, blood, and brain-tissue compartments. The volume of these compartments is 
tightly regulated, and cerebral blood flow is kept constant by autoregulation. When 
additional volume is added to the system, compensatory mechanisms (e.g., displace-
ment of cerebrospinal fluid to the spinal subarachnoid space and compression of the 
cerebral venous bed) operate to keep intracranial pressure constant.

The relationship between intracranial volume and intracranial pressure is expo-
nential. Initially, pressure increases only slightly with increasing volume, but when 
the buffering capabilities of the system are exceeded, intracranial pressure rises 
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steeply. This explains the rapid deterioration that 
is frequently seen in patients with a traumatic 
intracranial hematoma.

Both intracranial and systemic events contribute 
to increased intracranial pressure after traumatic 
brain injury (Table 2). In the first hours  after trau-
ma, expansion of hematomas is the main threat,8 
whereas in the following days, other mechanisms, 
including water accumulation, disrupted autoreg-
ulation, ischemia, and contusion expansion, lead 
to further increases in intracranial pressure.

The direct consequences of increased intra-
cranial pressure on the brain can be broadly dif-
ferentiated as mechanical or vascular. When a mass 
lesion develops, a pressure gradient originating 
from this area will cause distortion of brain tissue, 
midline shift, and displacement of the brain tissue 
in a medial or caudal direction (herniation) (Fig. 1). 
Herniation is a medical emergency, requiring 
prompt treatment to prevent irreversible and of-
ten fatal damage to the brain stem.

Vascular effects of increased intracranial pres-
sure are caused by impaired cerebral perfusion 
pressure, which is defined as the mean arterial 

blood pressure minus the intracranial pressure. 
The cerebral perfusion pressure is the driving 
force behind cerebral blood flow, but levels that 
are required for adequate flow vary among pa-
tients. As the cerebral perfusion pressure de-
creases, cerebral blood flow may become insuf-
ficient for adequate brain-tissue perfusion and 
oxygenation.9,10 Ischemia will induce further cyto-
toxic edema and result in even higher intracra-
nial pressure. Adverse effects of increased intra-
cranial pressure and low cerebral perfusion 
pressure on mortality and long-term outcome 
have been documented in many studies.11-13 
These insights, while providing a clear motivation 
for the monitoring and treatment of raised intra-
cranial pressure, illustrate the complex interac-
tions among pressure, flow, and metabolism.

Moni t or ing of  
In tr acr a ni a l Pr essur e

The practice of continuous monitoring of intra-
cranial pressure started with the pioneering 
work of Guillaume and Janny in France14 and 

Table 1. Main Mechanisms Causing Increased Intracranial Pressure Associated with Common Medical Conditions.*

Condition Mass Effect Edema Vasodilatation
Disturbed 

Circulation of CSF

Traumatic brain injury + + +

Subarachnoid hemorrhage + + ++

Cerebral venous thrombosis + ++

Anoxic–ischemic encephalopathy +

Brain tumor + +

Brain infarction after acute occlusion  
of middle cerebral artery

+

Spontaneous intracerebral hematoma + +

Abscess + +

Meningitis +

Idiopathic intracranial hypertension +?

Acute liver encephalopathy + +

Acute hypoosmolar syndromes +

Hypertensive encephalopathy +

Reye’s syndrome +

Craniosynostosis†

* A single plus sign indicates that the mechanism is relevant, and two plus signs indicate that the mechanism is particu-
larly relevant. The question mark indicates that the mechanism has not been clearly identified. CSF denotes cerebro-
spinal fluid.

† Craniosynostosis is associated with inadequate skull growth.
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Lundberg in Sweden.15 A catheter, usually referred 
to as an external ventricular drain, was placed in 
the lateral ventricle and connected, through a 
fluid-filled system, to a transducer. This method 
is still considered the standard of care for the 
measurement of intracranial pressure. Noninva-
sive monitors of intracranial pressure currently 
have insufficient validation for clinical practice, 
but other invasive methods (e.g., intraparenchymal 
probes, microstrain gauge transducers, and fiber-
optic catheters) are gaining in popularity because 
of their ease of use.16 These techniques, however, 
do not allow for drainage of cerebrospinal fluid, 
which removes an effective means of reducing in-
tracranial pressure. Catheters may also be placed 
in the subdural space (e.g., after evacuation of an 
epidural or subdural hematoma); such techniques 
permit monitoring of intracranial pressure, but 
they do not permit drainage of cerebrospinal fluid, 
and measurements are less reliable than those 
obtained with an external ventricular drain.

International guidelines recommend the moni-
toring of intracranial pressure in all patients with 
survivable severe traumatic brain injury and ab-
normalities on computed tomography (CT) ob-
tained at the time of admission,17,18 as well as in 
selected patients (e.g., those who are over the age 
of 40 years with hypotension or abnormal flex-
ion or extension in response to pain) with a 
normal CT scan. The insertion of intracranial 
catheters carries risks of hemorrhage and in-
fection. Ventricular catheters, with deeper brain 
penetration, are more risky. Reported rates of 
hemorrhage are variable (1 to 7% for ventricular 
catheters; less than that for intraparenchymal 
probes),19,20 and only rarely do such hemorrhages 
require surgical evacuation.18 Placement of an 
intracerebral catheter is relatively contraindicated 
in patients with coagulopathy (i.e., increased pro-
thrombin time, partial thromboplastin time, or 
international normalized ratio or a platelet count 
of <100,000 per microliter).21 Routine cultures of 
catheter tips of external ventricular drains may 
reveal bacterial colonization, but fortunately the 
rate of invasive infection is lower than that of 
colonization.22 The risk of infection is higher 
with ventricular catheters than with parenchymal 
probes, with reported rates of infection ranging 
from 1 to 27%. Risk factors include longer dura-
tion of monitoring, the presence of an open skull 
fracture with leakage of cerebrospinal fluid, and 
leakage around the ventriculostomy site.22,23

Tr e atmen t

Guidelines advocate the early treatment of in-
creased intracranial pressure, since increased 
severity and longer duration of raised intracra-
nial pressure are associated with a poor out-
come.11,12 The accepted threshold for treatment 
is an intracranial pressure of 20 mm Hg. In all 
patients with increased intracranial pressure, a 
repeat CT scan should be considered to exclude 
surgically treatable lesions. Before initiating 
therapy to reduce increased intracranial pres-
sure, practitioners need to exclude erroneous 
measurements and systemic causes that can be 

Table 2. Causes of and Possible Therapies for Increased Intracranial Pressure 
in Traumatic Brain Injury.

Variable Possible Therapeutic Approach

Intracranial cause

Hematoma Surgical evacuation, decompres-
sive craniectomy

Epidural

Acute subdural

Intracerebral

Contusion Surgical evacuation, decompres-
sive craniectomy

Disturbance in cerebrospinal fluid Drainage of cerebrospinal fluid

With ventricular enlargement

Without ventricular enlargement

Edema Hyperosmolar fluids, decom-
pressive craniectomy

Cytotoxic (intracellular)

Vasogenic (extracellular)

Vasodilatation (increased intravascular 
blood volume, causing swelling)

Mild hyperventilation, barbiturates

Seizures Antiepileptic medication

Extracranial cause

Airway obstruction Airway clearance, possible tracheal 
intubation

Hypoxemia Oxygenation and ventilation

Hypercarbia Ventilation

Hypertension associated with pain Analgesia and sedation

Coughing or straining Sedation, paralysis

Jugular venous obstruction (pneumo-
thorax, neck compression)

Draining of pneumothorax, correc-
tion of neck position

Abdominal distention Nasogastric tube

Fever Antipyretic drugs

Hypoosmolarity Hyperosmolar fluids
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Intracranial causes of increased 
intracranial pressure

• Mass lesions (e.g., traumatic  
   hematomas, tumors)
• Edema
• Vasodilatation
• Disturbed central spinal �uid 
   circulation

HematomaHematoma

Falcine 
herniation 

Midline 
shift 

Uncal 
herniation 

herniation

Midline Midline 
shift

herniationherniation

shift
Midline Midline 

Central 
herniation 

herniationherniation

shift

Intracranial pressure under normal conditions, 
sagittal section

A 

Intracranial pressure monitoring 
by ventricular catheter

C Herniation, coronal sectionD 

Acute subdural hematoma, axial sectionB

Intracranial pressure tracing showing a progressive increase
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At equilibrium:
The sum of the 3 intracranial 
components (cerebrospinal �uid + 
cerebral tissue + blood content) is constant, 
corresponding to a normal (10–15 mm Hg) 
intracranial pressure.
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rapidly corrected. A practical algorithm is pre-
sented in Figure 2.

Medical Therapy

During the past 10 years, management of in-
creased intracranial pressure has evolved toward 
standardized strategies that use a “staircase” ap-
proach with an escalating treatment intensity 
(Fig. 3).24,25 Sedation and analgesia are used to 
treat pain and agitation26 and to prevent arterial 
hypertension and patient–ventilator dyssynchrony. 
Sedation increases the risk of arterial hypotension 

resulting from vasodilatation, making maintenance 
of normovolemia a prerequisite. An additional 
advantage of sedation is to minimize the risk of 
seizures.27,28

Hyperosmolar agents reduce brain volume 

Check pupils

Exclude herniation

Check and treat systemic causes
of increased ICP

Initiate or intensify ICP-directed
treatment

Verify ICP measurement
Check calibration of monitor

If herniation:
Perform emergency procedures

to reduce ICP (tracheal intu-
bation, ventilation, adminis-
tration of hyperosmolar fluids)

Perform immediate diagnostics
(computed tomography)

Perform surgical intervention
when appropriate

Vasodilatation of cerebral vessels
Fever
Seizures
Hypercarbia
Hypoxemia
Hypotension

Increased venous pressure
Neck torsion or compression
Pneumothorax
Ventilator asynchrony
Increased abdominal pressure

Increased arterial pressure
Pain
Bladder distention

Cellular edema
Hyponatremia

Increase sedation
Drain CSF
Administer hyperosmolar fluids

Induce mild hypocarbia
(hyperventilation)

Induce metabolic suppression
(barbiturates or increased sedation)

Induce hypothermia
Perform decompressive craniectomy

Figure 2. Algorithm for the Treatment of Increased Intracranial Pressure (ICP).

CSF denotes cerebrospinal fluid.

Figure 1 (facing page). Intracranial Pressure under 
 Normal and Abnormal Conditions.

Under normal conditions, the intracranial pressure (ICP) 
remains constant at 10 to 15 mm Hg, fluctuating with 
cardiac and respiratory cycles, as shown in the normal 
trace recording (Panel A). Since the cranium is a rigid 
container, the sum of the various intracranial volumes 
(brain tissue, cerebrospinal fluid, and blood) must re-
main constant. Cerebrospinal fluid is continuously formed 
and reabsorbed, with the circulation indicated by blue 
arrows. Several intracranial and systemic causes may 
alter the intracranial components and cause pathologic 
increases in intracranial pressure — for example, a trau-
matic left subdural hematoma that compresses the brain 
and shifts the lateral ventricles to the right, as shown 
on computed tomography (Panel B). The hematoma 
volume cannot be compensated by buffering systems, 
and there is a corresponding increase in intracranial 
pressure, which can be recorded through a catheter 
 inserted in a lateral ventricle (also allowing the with-
drawal of cerebrospinal fluid) (Panel C). The catheter 
is connected to a collecting system, to which cerebro-
spinal fluid can be drained, and to a monitor, where 
the trace recording of intracranial pressure is displayed. 
Intracranial hypertension may cause compression and 
displacement of the cerebral tissue from areas of higher 
pressure toward areas of lower resistance (Panel D). 
Brain herniation occurs in three main ways. First, a 
hemisphere is displaced medially against the falx, re-
sulting in falcine herniation. Second, a monolateral 
pressure gradient pushes the medial edge of the tem-
poral lobe (uncus) through the tentorial foramen, re-
sulting in uncal herniation. In this syndrome, the third 
cranial nerve and the posterior cerebral artery are com-
pressed, causing unilateral pupillary dilation, a lack of 
reactivity to light, and infarction. The brain stem is 
 distorted and compressed, with early impairment of 
consciousness. Third, a bilateral, homogeneous in-
crease in intracranial pressure in the supratentorial 
space displaces the brain downward through the ten-
torial foramen, resulting in central transtentorial her-
niation. The brain stem is compressed and displaced 
downward without signs of lateralization and with bi-
lateral pupillary abnormalities.
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and intracranial pressure through multiple mech-
anisms. In the first minutes of infusion, mannitol 
and hypertonic saline expand the plasma volume, 
decrease blood viscosity, and reduce the cerebral 
blood volume.29 Once plasma osmolarity in-
creases, a gradient across the blood–brain bar-
rier is established, and water is extracted from 
the brain. This effect may last for up to several 
hours, until the osmotic equilibrium is reestab-
lished. The integrity of the blood–brain barrier 
is a prerequisite for the efficacy of hyperosmolar 
agents. Mannitol is an osmotic diuretic and may 
cause dehydration and hypovolemia. Hypertonic 
saline may cause abrupt increases in the sodium 

plasma concentration. Comparisons between 
mannitol and hypertonic saline for the treatment 
of increased intracranial pressure have not shown 
a clear superiority of one option over the other.29

Induced arterial blood hypocarbia (hyperventi-
lation) reduces intracranial pressure at the expense 
of decreasing cerebral blood flow as a result of 
vasoconstriction.30 Hyperventilation carries a seri-
ous risk of cerebral ischemia. For this reason, cur-
rent guidelines recommend additional monitor-
ing for cerebral ischemia (e.g., by the monitoring 
of oxygen saturation in the jugular bulb and of 
brain-tissue oxygenation) when hyperventilation 
is used.31

Therapy
Steps

Levels of
Evidence Treatment Risk

1
Intubation

Normocarbic
ventilation

2 Level III Increased sedation

3 Not reported 

Not 
reported 

Ventricular CSF drainage

4 Level II
Hyperosmolar therapy

Mannitol or hypertonic saline

5 Level III Induced hypocapnia

6 Level III Hypothermia

7 Level II Metabolic suppression (barbiturates)

8 Not reported Decompressive craniectomy

     

Infection or delayed hematoma
Subdural effusion
Hydrocephalus and syndrome 

of the trephined

Hypotension and increased number
of infections

Coughing, ventilator asynchrony,
ventilator-associated pneumonia

Fluid and electrolyte disturbances and infection

Excessive vasoconstriction and ischemia

Negative fluid balance
Hypernatremia
Kidney failure

Infection

Hypotension

Figure 3. Staircase Approach to the Treatment of Increased Intracranial Pressure.

The level of therapy in patients with raised intracranial pressure is increased step by step, with more aggressive interventions when there 
is no response. The sequence of interventions may vary among different institutions; every intervention is associated with adverse effects. 
Shown are the levels of evidence that underpin various approaches to treatment. Levels of evidence are based on the criteria for classifi-
cation of evidence, as used in international guidelines.24 The revised guidelines for the management of severe traumatic brain injury and 
the surgical guidelines for the management of such injury do not contain any evidence on ventricular drainage of cerebrospinal fluid (CSF) 
or the use of decompressive craniectomy. Level I evidence25 shows that decompressive craniectomy is effective in reducing intracranial 
pressure but may worsen the long-term outcome and is associated with several complications. Among them is the syndrome of the tre-
phined, in which a sunken skull flap develops with a (poorly understood) neurologic deterioration.
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Barbiturates depress the cerebral metabolism 
and reduce cerebral blood flow, causing a pro-
portional decrease in cerebral blood volume and 
a decrease in intracranial pressure. Initial enthu-
siasm for barbiturate therapy has been tempered 
by the recognition of serious side effects, including 
cardiac depression, arterial hypotension, and an 
increased risk of infection.32 The administration of 
barbiturates is generally reserved for refractory in-
tracranial hypertension, after other therapies have 
been tried and have failed.12

Mild hypothermia (32 to 34°C) is effective in 
decreasing intracranial pressure,33 but studies 
on the clinical benefit are contradictory, and 
current evidence does not support its general use 
in patients with traumatic brain injury.34,35 The 
effects of hypothermia are complex, and adverse 
effects are a particular problem in patients with 
traumatic brain injury who may require cooling 
for many days to control refractory intracranial 
hypertension.

Surgical Therapy

The surgical therapy of raised intracranial pressure 
includes the evacuation of mass lesions, drainage 
of cerebrospinal fluid, and decompressive craniec-
tomy. Rapid detection and timely evacuation of 
an intracranial hematoma is a cornerstone in the 
management of traumatic brain injury. Guide-
lines on the surgical management of epidural or 
acute subdural hemorrhage and of brain contu-
sions have been published, but all of them are 
based on class III evidence and are heavily fo-
cused on volumetric criteria.36 However, the sur-
gical evacuation of an intracerebral or subdural 
hematoma may be motivated not only by volume 
or mass effect but also by mitigation of a toxic 
effect. In a study of experimental rodent models 
of cerebral contusions, Tanaka et al.37 found meta-
bolic disturbances, with a massive increase in the 
production of excitatory amino acids and subse-
quent ischemic damage, in the cortex underlying 
blood clots. Possible benefits of surgical excision 
in the clinical situation are suggested by an analy-
sis of 182 patients with cerebral contusions reg-
istered in the Japan Neurotrauma Databank.38 
Currently, there are no data from randomized, 
controlled trials to support this approach.

Drainage of cerebrospinal fluid is a simple and 
effective approach to reducing increased intracra-
nial pressure. During withdrawal of cerebrospinal 
fluid, the pressure reading is determined more by 

the outflow pressure than by actual brain pres-
sure, so that accurate monitoring of intracranial 
pressure is not possible with continuous drainage 
of cerebrospinal fluid.39 New ventricular catheters, 
including those with a miniature pressure trans-
ducer at the tip, may offer more accurate reading 
during drainage but at a higher monetary cost. 
Intermittent drainage when the intracranial pres-
sure exceeds 20 mm Hg should be performed 
against a pressure gradient of approximately 10 cm 
of water. Drainage of cerebrospinal fluid through 
lumbar catheters is not recommended in patients 
with increased intracranial pressure because of the 
risk of herniation.40

Much interest has focused on decompressive 
craniectomy. The concept of decompressive crani-
ectomy is to provide a larger reserve to compen-
sate for increased intracranial volume. The actual 
volume that is gained depends on the diameter 
of the craniectomy. The presumed benefits of 
decompressive craniectomy have been challenged 
by the results of the Decompressive Craniectomy 
(DECRA) trial.25 In this study, which compared 
decompressive craniectomy performed within 
72 hours after traumatic brain injury with maxi-
mal medical therapy in patients with diffuse 
brain injury whose intracranial pressure ex-
ceeded 20 mm Hg for 15 minutes or longer in a 
1-hour period, mortality was similar in the two 
groups. However, the rate of unfavorable neuro-
logic outcomes was significantly higher among 
patients undergoing decompressive craniectomy. 
After adjustment for baseline data, such as the re-
activity of pupils, the between-group difference in 
outcome was not significant. The generalizability 
of these results is limited because of the highly 
selected patient population and because the study 
examined the effect only in patients with diffuse 
injuries.

Decompressive craniectomy is not without risk, 
and adverse effects are common.41 In the ongoing 
Randomized Evaluation of Surgery with Craniec-
tomy for Uncontrollable Elevation of Intracranial 
Pressure (RESCUEicp) study (Current Controlled 
Trials number, ISRCTN66202560),42 which is com-
paring medical therapy with decompressive crani-
ectomy, patients with a sustained elevation in in-
tracranial pressure (>25 mm Hg for more than 
1 hour and up to 12 hours) that is resistant to initial 
medical therapy are randomly assigned to undergo 
surgery or intensive medical therapy, including the 
use of barbiturates. The results of this trial will 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 370;22 nejm.org may 29, 20142128

provide further evidence to define the role of de-
compressive craniectomy in traumatic brain injury.

R e think ing of Moni t or ing

Despite the strong motivational reasons for mon-
itoring intracranial pressure, the concept of such 
monitoring in patients with traumatic brain in-
jury has been challenged. In a comparison of two 
approaches to the monitoring of patients with 
traumatic brain injury at two Dutch centers — 
one that used frequent monitoring of intracranial 
pressure and the other that did not use such 
monitoring — patients in the two institutions 
who survived beyond 24 hours after injury had 
similar outcomes at 1 year.43 On the basis of a 
large trauma database, Shafi et al.44 found an 
association between monitoring of intracranial 
pressure and a worse outcome. The two studies 
have substantial methodologic limitations be-
cause of study design, selection bias, and inade-
quate adjustment for confounders. In contrast to 
these trials, two other studies — one a historical 
comparison45 and the other an analysis of a large 
database46 — show a reduced rate of death asso-
ciated with monitoring of intracranial pressure.

Chesnut et al.47 recently reported the results 
of a clinical trial aimed at determining the po-
tential benefit of monitoring intracranial pres-
sure. Patients with severe traumatic brain injury 
were randomly assigned to a therapeutic proto-
col driven by monitoring of intracranial pressure 
or to a therapy that was determined on the basis 
of clinical and radiologic findings. No signifi-
cant between-group difference in outcome was 
shown. Although the study provided the first 
randomized comparison of the treatment of pa-
tients with traumatic brain injury with or with-
out monitoring of intracranial pressure, we do 
not consider the findings to be conclusive evi-
dence against the use of such monitoring. Con-
ceptually, any improvement in outcome must 
result from differences in treatment as a result 
of monitoring of intracranial pressure and not 
from the monitoring alone. The question then 
becomes how the monitoring influenced treat-
ment, a question that is difficult to answer since 
the two groups received aggressive therapy to 
lower the intracranial pressure. It is also likely 
that the trial had an inadequate sample size. In 
clinical practice, at most 50 to 60% of patients 
with traumatic brain injury who are undergoing 

monitoring of intracranial pressure have persis-
tently increased intracranial pressure.12 In this 
trial, the median and mean percentages of record-
ings of intracranial pressure that were 20 mm Hg 
or higher were only 7% and 20%, respectively. This 
low incidence confounds sample-size calculations 
and probably renders the trial underpowered.

A major asset of the study by Chesnut et al. is 
that it forms an incentive to rethink our con-
cepts of the monitoring of intracranial pressure 
and the treatment of intracranial hypertension. 
The main intent of such monitoring is to better 
target early and specific therapy to the patients 
who may benefit most while not exposing others 
to unnecessary risks. This intent is in line with 
the concept that improved disease characteriza-
tion will facilitate targeted management and 
individualized approaches.48 Furthermore, we 
should recognize that current treatments that 
are initiated in response to intracranial hyper-
tension are simplistic and often ill-focused. Cur-
rent protocol-driven approaches use a “one size 
fits all,” staircase approach with an escalating 
intensity of therapy, regardless of the underlying 
pathophysiological features. More individualized 
approaches may be preferable, but we are not yet 
able to identify specific causes of increased intra-
cranial pressure with sufficient reliability. The 
only study in the literature reporting a targeted 
approach is based on findings in 17 patients.49 
Since the outcomes for patients with severe trau-
matic brain injury have not improved substan-
tially during the past 20 to 30 years, developing 
and advocating a new approach may be consid-
ered to be long overdue.

Conclusions

After traumatic injury, the brain is vulnerable to 
a range of threats that may be successfully treat-
ed if they are recognized promptly and therapy is 
started early. Among such threats is the rapid 
development of increased intracranial pressure, 
which is especially relevant, since it is associated 
with increased morbidity and mortality and is 
amenable to treatment. In the absence of evi-
dence to the contrary, increased intracranial 
pressure should be detected and treated prompt-
ly (e.g., with surgical removal of intracranial he-
matomas) and, whenever possible, should be pre-
vented with appropriate intensive care.

Currently, invasive monitoring is the only reli-
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able method for detecting and monitoring raised 
intracranial pressure in daily practice. The tech-
nique is controversial, since it clearly carries risks 
and side effects and its usefulness has not been 
conclusively shown. Further uncertainty remains 
concerning specific medical and surgical therapies 
for intracranial hypertension. Ongoing trials42,50 
will provide important new data, but more re-

search will be needed to reduce the massive and 
growing burden of traumatic brain injury.
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