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Abstract Moderate traumatic brain injury (MTBI) is

poorly defined in the literature and the nomenclature

‘‘moderate’’ is misleading, because up to 15 % of such

patients may die. MTBI is a heterogeneous entity that

shares many aspects of its pathophysiology and manage-

ment with severe traumatic brain injury. Many patients

who ‘’talk and died’’ are MTBI. The role of neuroimaging

is essential for the proper management of these patients. To

analyze all aspects of the pathophysiology and manage-

ment of MTBI, proposing a new way to categorize it

considering the clinical picture and neuroimaging findings.

We proposed a different approach to the group of patients

with Glasgow Coma Scale (GCS) ranging from 9 through

13 and we discuss the rationale for this proposal. Patients

with lower GCS scores (9–10), especially those with sig-

nificant space-occupying lesions on the CT scan, should be

managed following the guidelines for severe traumatic

brain injury, with ICU observation, frequent serial com-

puted tomography (CT) scanning and ICP monitoring. On

the other hand, those with higher range GCS (11–13) can

be managed more conservatively with serial neurological

examination and CT scans. Given the available evidence,

MTBI is an entity that needs reclassification. Large-scale

and well-designed studies are urgently needed.

Keywords Moderate TBI � Talk and died �
Categorization � Glasgow coma scale � Cerebral contusions

Illustrative case

A 26-years-old male with no significant medical history

suffered an accident on a public road. He was biking

without a helmet and struck a horse, 120 km from the main

city. The emergency services documented a Glasgow coma

scale (GCS) score of 14 points at the scene (E4, V4, M6)

without focal neurological symptoms. Blood pressure (BP)

was 115/85 mmHg, pulse oximetry 95 % on spontaneous

ventilation with a breathing rate of 16 breaths per minute,

and heart rate was 66 beats per minute. He was not drunk

and had no a history of illicit drug use. He was transported

to a regional hospital with a peripheral infusion of crys-

talloids (saline 0.9 %, 1500 ml) and analgesia without

sedation. Paramedics did not note adverse events during

the transport. The patient arrived to the emergency room of

the hospital with a GCS score of 12 (E3, V3, M6) without

pupillary dysfunction, focal neurological signs or abnor-

mal motor response. Vital signs were normal including BP

of 122/88 mmHg and pulse oximetry of 94 %. Laboratory

and radiological exams were performed according to the

ATLS protocol and extracranial injuries were not detected.
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Introduction

Traumatic brain injury (TBI) is one of the leading causes of

death and disability and affects mainly young adults at their

most productive age [1–3]. It has been described as the

silent epidemic of our time and has a significant socio-

economic impact [3]. Although guidelines have been

established for managing patients with mild and severe TBI

[4–10] this is not the case for the so-called ‘’moderate

TBI.’’ Any literature search makes obvious the wide gap

between papers dedicated to mild or severe TBI relative to

moderate head injuries [11]. Indeed, many authors include

moderate and severe TBI as a single entity [1, 12].

Like severe TBI is much more of a heterogeneous entity

with different injury mechanisms, pathophysiology, and

neuropathological findings and with a high incidence of

intracranial lesions and risk of neurological worsening that

may result in a poor functional outcome [1, 12–15].

Several patients who talk and deteriorate or even die

(‘‘talk and died’’) are initially moderate TBI [16–22]. The

epidemiological profile of moderate TBI has changed in

recent years [17], but still has high morbidity and mortality

rates [13–22]. Therefore, this entity, when adequately

assessed, presents significant windows of opportunity to

optimize management and improve neurological outcome.

Is the Definition of Moderate TBI Appropriate?

To answer this key question, it is necessary to understand

the history. Jennet and Teasdale described the Glasgow

Coma Scale (GCS) in 1974 [23]. Since its original

description, TBI with GCS scores of 9–12 is considered

moderate [24–26]. In the 1980s, different ways to define

this group of patients emerged. Annegers et al. suggested to

include in the definition a period of loss of consciousness

or posttraumatic amnesia of at least 30 min after injury

[27]. In one of the largest published series, Rimel et al.

added a time period for definitive categorization, suggest-

ing that a TBI should be considered moderate if the GCS

was 9–12 points for at least 6-h post-trauma [28]. In 1998

Tabbador et al. defined TBI as moderate when the GCS

was between 9 and 11 48 h after injury [29]. Kraus et al.

maintained the range of 9–12 points on the GCS, but added

as additional criteria that the patient must remain hospi-

talized for at least 48 h, or should have an abnormal

computed tomography (CT) or undergo a neurosurgical

procedure [30]. These latter criteria were maintained by

Levin et al. who also added the presence of neurological

deficit or depressed skull fracture with dural laceration

[31]. Stein showed in a review of the relevant literature that

at least one third of the patients with a GCS of 13 had

intracranial lesions and because of this suggested to include

patients with a score of 13 in the ‘‘moderate’’ category, a

definition used by others after Stein’s report [32–35].

Factors that Interfere with the Correct
Categorization of Moderate TBI

In addition to the lack of uniform criteria for the definition

of moderate TBI, it is well known that several confounding

factors influence the correct evaluation of the GCS [36]. If

such factors are not taken into account, there is a high risk

of assigning a patient to an erroneous category. As a fre-

quent example in daily clinical practice, a patient with

moderate TBI under the effects of illicit drugs or alcohol

might be erroneously included in the severe category [2, 9,

12–14]. Some of the following issues interfere with a

correct GCS evaluation are as follows:

• Lack of experience and training in the use of GCS.

• Alcohol (although always remembering the fundamen-

tal premise that it is never safe to attribute a depressed

level of consciousness solely to alcohol after TBI) [37–

39].

• Sedation, regardless of the drug used, influences the

neurological exam. A knowledge of the drugs given is

necessary in order to use the appropriate antagonist, if

available.

• Intubation, which eliminates the possibility of obtaining

the verbal component of the GCS. This shortcoming of

the GCS can be overcome by using the FOUR score

[40], but categorization of TBI severity by FOUR score

has not been studied thus far.

• Illicit drugs with the same considerations as for the use

of sedatives.

• Associated trauma, such as maxilo-facial injury that

prevents the appropriate assessment of ocular and

verbal components.

• Extracranial secondary insults (hypotension, hypox-

emia, hypoglycemia, hyponatremia, etc.) may influence

the level of consciousness and should be corrected

before the GCS evaluation.

Epidemiology

Serious problems arise because of the wide variability in

the definitions of moderate TBI. Additionally, there are

many factors that could contribute to an erroneous deter-

mination of GCS. For these reasons, it is difficult to

analyze and compare different series of patients with

moderate TBI.
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Despite these limitations, it is estimated that 20 % of

hospital admissions for TBI are moderate, with an inci-

dence ranging between 4 and 28 % according to the series

[13–15, 25, 26]. Overall, for every 22 mild TBI, there are

2.5 moderates and 1 severe [14]. Moderate TBI mainly

affects the young adult population involved in traffic

accidents. Many of them are under the effects of alcohol or

illicit drugs and the TBI is frequently associated with

extracranial injuries [25, 26, 28, 32, 34, 35]. Moderate TBI

with significant extracranial injuries has a worse outcome

than isolated moderate TBI [41]. Using mnemonics, we can

say that in moderate TBI the ‘‘rule of 30’’ holds true. This

means that individuals with moderate TBI, have approxi-

mately a 30 % chance of having a brain lesion (intra- or

extra-axial), a 30 % chance that such injuries progress in

their volume or mass effect (new bleeding, rebleeding,

edema) and a 30 % chance that these individuals suffer

deterioration or worsening in their neurological status [13–

15, 25, 26, 28, 32, 34, 35]. Mortality in moderate TBI is

around 15 %, while more than half of the victims suffer

cognitive sequelae and only 20 % recover without signifi-

cant dissability [13–15, 25, 26, 28, 34, 35].

Pathophysiology of Moderate TBI

TBI is an extremely heterogeneous disease with various

forms of presentation [1, 9, 10, 12–14]. External forces,

including direct impact, acceleration–deceleration phe-

nomena, penetrating injuries or shock waves, cause the brain

injury [1, 9, 10, 12–14]. Whatever the mechanism, the nat-

ure, intensity, and duration of the generated forces are the

factors that determine the final pattern and extent of the brain

damage. Acute TBI was characterized by Gennarelli as a

dynamic process that evolves with time [41]. From the

pathophysiological point of view, we can distinguish two

basic types of injury known as primary and secondary lesions

[1, 9, 10, 12–14, 42]. Primary lesions occur immediately

upon impact and at the cellular level they evolve during the

early stages of trauma [1, 2, 12–14, 42].

The consequence of these lesions can be functional or

structural, focal or diffuse [1, 2, 12–14, 42]. Cell death,

axonal injury, and vascular damage microscopically char-

acterize structural primary damage. Diffuse axonal injury

(DAI) is the principal example of a primary diffuse brain

damage. DAI occurs by inertial loading that generates

shearing forces in axons causing physical (primary axo-

tomy) or functional damage; this may evolve to delayed or

secondary axotomy [1, 2, 12–14, 42]. Changes in axonal

permeability are followed by neuro-filament accumulation,

local inflammatory changes, and axonal rupture. Wallerian

degeneration of axons and myelin sheets is associated with

delayed changes. These changes can take 4–8 weeks and

are responsible for the tissue atrophy that is observed

months later [1, 2, 12–14, 42]. Severe DAI is macroscop-

ically characterized by the presence of multiple small

hemorrhagic lesions in specific brain areas, such as corona

radiata, centrum semiovale, subcortical white matter, cor-

pus callosum, posterolateral midbrain, and superior

cerebellar peduncles [1, 2, 12–14, 42, 43].

Immediately after trauma, multiple pathways are trig-

gered, almost all of them with neurotoxic effects on glia,

neurons and endothelial cells [1, 2, 12–14, 42, 43]. The

toxic cascade has different components, such as the release

of oxygen free radicals, lipid peroxidation, thrombosis in

the microcirculation, inflammation, apoptosis, and edema

[1, 2, 12–14]. These phenomena may induce impaired

autoregulation, decrease in cerebral blood flow (CBF),

ischemic or non-ischemic forms of tissue hypoxia, and

intracranial hypertension, [2, 9, 10, 12–14, 42–44].

Secondary lesions are defined as those that appear

minutes, hours or days after injury, aggravating the primary

lesions [1, 2, 9, 10, 12–14, 44–47]. Sources of injuries can

be intra or extracranial [1, 2, 9, 10, 12–14, 45–48]

(Table 1). Because the primary lesion has no specific

treatment, the main goal in the management of TBI is the

early detection and aggressive treatment of intra- or

extracranial secondary injuries [1, 2, 9, 10, 12–14, 45–48].

Among the systemic causes, hypotension and hypoxemia

have the greatest impact on outcome [1, 2, 9, 10, 12–14,

45–48]. The presence of both in the early hours after injury

significantly increases the possibility of unfavorable results

[1, 9, 45, 46].

Intracranial hypertension is one of the most common

mechanisms of secondary injury in severe TBI and can also

occur in patients with moderate TBI who experience

worsening after presentation. It has strongly negative

impact on prognosis [1, 2, 9, 10, 12–14, 45–48]. It may be

triggered by the development of brain edema, intra or

extra-axial hematomas, changes in cerebrospinal fluid

(CSF) dynamics and/or increased cerebral blood volume.

Whatever the mechanism, high intracranial pressure (ICP)

exerts its deleterious effect by triggering ischemia or pro-

ducing tissue shifts (herniation) that cause compression of

brain structures and the brainstem [1, 2, 9, 10, 12–14, 45–

48]. Ischemic brain damage is a frequent finding after TBI

and may result from cerebral hypoxia (low oxygen deliv-

ery), increased oxygen brain requirements (fever, seizures),

impaired autoregulation (vasoparalysis) and abnormalities

in the microcirculation or at the mitochondrial level [1, 2,

12–14, 49–54]. TBI triggers a vicious circle of neurotoxic

phenomena that feeds and strengthens each other and

whose final destination is often cell death either by apop-

tosis or necrosis [1, 2, 12].
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Cerebral Contusions: Injuries that Should
Activate the Alarm Signal?

Cerebral contusions (CC) are focal parenchymal lesions

which are present in more than half of the cases of mod-

erate and severe TBI [55, 56]. They are heterogeneous,

varying in appearance from its classical description of

‘’salt and pepper’’ to the formation of a solid hematoma

[56, 57]. From a histopathological point of view, CC

generated as a result of the initial mechanical impact have

two clearly differentiated zones: an irreversible and central

necrotic zone called ‘‘core’’ and an active surrounding

area, dominated by inflammatory phenomena, edema and

neurotoxic cascades [58, 59].

Recently, a positron emission tomography (PET) study

demonstrated a progressive decrease in CBF, and cerebral

metabolic rates of oxygen (CMRO2) and glucose (CMRglc)

in the peri-contusional area [60]. Cerebral oxygen extraction

(COE) followed the same pattern and coupling between CBF

andCMRO2 remained stable [60]. The authors hypothesized

that this area evolves gradually and centrifugally to necrosis.

Due to the preservation of COE and the absence of markers

of anaerobic metabolism, ischemia was discarded as a cause

of this process [60].

The pathophysiological cascades triggered in the peri-

contusional area produce profound changes in local

osmolality, alter blood brain barrier (BBB) permeability

and vascular autoregulation, cause microcirculatory

thrombosis and increase vascular reactivity particularly to

changes in CO2 [58, 59, 61–63]. All these phenomena

develop into a vicious circle of edema, increased ICP, and

decreased CBF culminating in energy failure and cell death

[58, 59, 61–63].

CC are lesions of dynamic and expansive nature, espe-

cially in the first hours after trauma. Progression rates

average 45 % [55–62]. Progression may be due to

increasing the size of the initial bleeding, emergence of

new sites of bleeding initially invisible in CT scan, or

development of peri-contusional edema [57, 59]. Several

predictors of progression have been identified, including

initial contusional size, severity of injury, presence of

associated acute subdural hematoma or traumatic sub-

arachnoid hemorrhage, coagulopathy, short interval time

between the injury and the CT scan, and need for surgical

decompressive procedures [57].

Traditionally, local or systemic disorders of coagulation

were considered the cause of the phenomenon of hemor-

rhagic progression of CC [59]. This paradigm has changed

in the light of current knowledge [59]. A hypothesis pos-

tulates that the kinetic energy accumulated in the blood

vessels as a result of the initial impact may not be enough

to rupture them but may be sufficient to start anomalous

signals at the molecular level culminating in endothelial

dysfunction and failure of the microcirculation with pro-

gressive development of petechial hemorrhages that

coalesce, increasing the size of the initial contusion [59].

Progression of CC can cause clinical deterioration and

death (talk and die) [57–59, 64–66]. In this context, it is

important to note that while CC can be located elsewhere,

most develop in the temporal and frontal lobes where

growth vectors are directed to the brain stem and can cause

sudden clinical deterioration or death, sometimes without

previous abnormality in the neuromonitoring (e.g., normal

ICP) [22, 64, 65].

Special Problems: Bi-frontal Contusions

Bi-frontal contusions are present in about 20 % of cases of

moderate TBI with CC [22, 55, 64, 65]. Because the

mechanism of injury for this group of patients is frequently

sagittal brain acceleration/deceleration, focal contusions

involving the inferior part of the frontal lobes are the result

of contact with the rough surface of the orbital roof [22, 42,

55, 56, 64, 65]. Hemorrhagic swelling of these contusions

may disrupt the median forebrain bundle, gyrus rectus, and

anterior hypothalamic nuclei. These structures are involved

in behavior control and thus their injury almost always

causes changes in personality, volition, motivation, judg-

ment, and social interactions [42, 55, 56, 64, 65].

When these contusions swell, the brain is displaced

posteriorly causing ‘‘square shift’’ and abrupt deterioration

because of descent of the brain stem into the posterior fossa

with stretching and deformity of the small perforating

blood vessels of the basilar artery [22, 64, 65]. When this

occurs, death is a major risk due to respiratory arrest,

Table 1 Factors that contribute to secondary damage

Systemic Intracranial

Systemic hypotension Intracranial hypertension

Hypoxemia Delayed brain hematomas

Hypercapnia Cerebral edema

Severe hypocapnia Cerebral hyperemia

Fever Subarachnoid hemorrhage

SIRS Vasospasm

Hyponatremia Seizures

Hypoglycemia

Hyperglycemia

Severe anemia

Acidosis

Intravascular coagulation

Superimposed infections

SIRS systemic inflammatory response syndrome
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sudden coma, and autonomic changes [22, 54, 64, 65].

These lesions are also very often associated with distur-

bances of sodium and water metabolism (e.g., diabetes

insipidus or SIADH) [22, 55, 56, 64, 65].

Management of patients with large bi-frontal contusions

has always presented special problems for neurosurgeons.

Aggressive surgical resection of these contusions may wor-

sen the late neurological deficit and neuropsychological

consequences [22, 55, 56, 64, 65, 67]. Also, surgical

decompression requires bi-frontal decompressive cran-

iotomy and cutting of the falx and sagittal sinus on the frontal

cranial fossa [22, 87]. This is a major procedure, caries

hemorrhage risk, and requires delayed cranioplasty 2 to

3 months later [87]. The risk of this surgical procedure must,

therefore, be balanced against risk of death due to herniation.

The timing of deterioration is variable, but brain edema

will usually peak around the 5th to the 10th day, with

resolution of the swelling after this time [22, 55, 56, 64, 65,

67]. Therefore, most neurosurgeons advise serial observa-

tion for up to 2 weeks in an intensive care unit environment

for these patients [67]. Serial CT scanning every 2 to

3 days is necessary to exclude progression of the lesions.

When the patients are unable to obey commands, are very

restless, or deteriorate, many experts favor the use of

intracranial pressure monitoring with titrated osmotherapy

[22, 55, 56, 64, 65, 67]. If this is used, then decompressive

craniotomy becomes mandatory if intracranial pressure

stays elevated despite medical treatment [67]. Particular

problems are posed by the patient with progressive swel-

ling, especially posterior shift of the third ventricle, but

preserved capacity to obey commands. For these patients,

prophylactic decompressive bi-frontal craniectomy is usu-

ally preferable to the risk of sudden death or permanent

disability that can result from rapid herniation [67].

Diffuse Axonal Injury (DAI) and Moderate TBI

Classically, DAI has been considered to be a major neu-

ropathological feature of severe, not mild or moderate TBI.

Although neuropathological series that include mild and

moderate TBI brains are few, these studies have shown that

DAI occurs even in mild TBI, but to a lesser extent [68,

69]. Most experts now agree that almost all TBI is usually

accompanied by some degree of DAI. This also provides a

basis for the cumulative damage from multiple concus-

sions, now termed ‘‘Chronic traumatic encephalopathy’’

(CTE) [68–70]. In support of this concept, Blatter et al.

showed that moderate-mild TBI patients (GCS 15–13)

demonstrated 50 ml average brain volume loss by 6 weeks

using MRI imaging [71]. All these patients recovered to go

to rehabilitation [71]. Another study found a mean of 33 ml

volume loss on follow-up brain imaging of patients pre-

senting with CT abnormalities and GCS 12–15 [72]. MRI

tractography may provide additional useful information.

There have been no evidence-based effective treatments for

DAI. The management of this condition should be directed

to avoid secondary insults, ICP control and when indicated

decompressive bi-frontal craniectomy due to the risk of

sudden death or permanent disability that can result from

rapid herniation [67].

Epidural and Subdural Hematomas in Moderate
TBI

Epidural hematomas (EDH) can be seen in 8–30 % of

patients with moderate TBI [73–75]. Commonly, they are

located in temporo-parietal regions as a result of linear

skull fracture with damage of the middle meningeal artery

[67]. Venous origin of EDH occurs in one-quarter of the

cases [76]. EDH in the elderly is rare, due to adherence of

dura to the skull. Mortality is approximates 10 % [67].

EDH represents neurosurgical emergency, as severe brain

compression can develop rapidly from high-pressure arte-

rial bleeding. All EDH of more than 30 ml should be

evacuated regardless of GCS, and patients with coma and

pupillary changes should undergo surgery as soon as pos-

sible [67]. Patients with GCS >8 and EDH <30 cm3,

thickness <15-mm, midline shift <5 mm, and no focal

deficits can be managed non-operatively with serial CT

scanning and close neurological observation [67].

Acute Subdural hematomas (ASDH) have been reported

in up to 30–50 % of patients with moderate TBI [77, 78].

The elderly population is particularly susceptible due to

increased fragility of vessel walls, falls and greater use of

antithrombotic and anticoagulants agents [67]. Compared

with EDH, the degree of underlying brain damage associ-

ated with ASDH is more severe, and mortality rates are

greater especially in older patients with poor initial GCS,

and other associated brain or systemic injuries [67, 79, 80].

ASDH with thickness greater than 10 mm or midline shift

greater than 5 mm should undergo to surgical evacuation

regardless of GCS score [67]. For comatose patients with

less than a 10-mm-thick lesion or less than 5 mm of mid-

line shift, indications for surgical evacuation include a

decrease of GCS by 2 or more points, ICP >20 mmHg, or

asymmetric or fixed and dilated pupils [67]. Patients with

less severe ASDH can be monitored clinically; after

7–10 days an ASDH may liquefy, to become drainable

with burr-holes, thus avoiding the major morbidity of

craniotomy [81].
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Relevance of Neuroimaging in the Evaluation
of Moderate TBI

CT scan is the radiological modality of choice in the acute

phase of TBI, due to its wide availability and speed of

acquisition [1, 9, 82–88]. It can be done repeatedly; it is

cost-effective and can be performed in mechanically ven-

tilated or monitored patients as well as in patients with

pacemakers or metallic prostheses [1, 9, 82–88]. CT scan

can identify the type and severity of the injury; it is very

sensitive for detecting blood collections and has prognostic

value [1, 9, 82].

Heterogeneity characterizes the neuroimaging findings

of moderate TBI (Fig. 1) [1, 13–15, 25, 28, 32, 34, 35].

Different series report an ‘‘abnormal’’ CT scan in more

than half of patients with a moderate TBI [1, 13–15, 25, 28,

32, 34, 35]. Intracranial lesions (contusions, subdural

hematoma and traumatic subarachnoid hemorrhage) triple

the chances of a bad neurological outcome [87]. In addition

approximately, one-third of these lesions progress and

contribute to neurological deterioration [14, 15, 35].

Therefore, the CT scan is an essential tool in assessing

extent, location, pathophysiology, severity and evolution of

injury, and the information it provides is crucial to guide

therapeutic decisions [82–88]. Traditionally, Marshall’s

classification has been used in most clinical trials involving

moderate or severe TBI [83]. This classification relies on

the lesion volume, state of basal cisterns, degree of midline

shift and whether or not blood collections have been sur-

gically evacuated (Fig. 2). It helps in predicting the

neurological outcome and the likelihood of developing

intracranial hypertension [83]. Other scales (like the Rot-

terdam scale) have been proposed, but are used much less

frequently and have not been extensively validated [86,

87].

The CT scan findings of our illustrative case are shown

in Fig. 3a. Bilateral fronto-basal contusions less than

25 cc were found together with cisternal effacement and

traumatic subarachnoid hemorrhage. The CT scan was

classified as a diffuse injury type III according to Marshall

Classification [83]. These patients have a 63 % probability

of developing intracranial hypertension and 55.6 % risk of

bad outcome [83]. The probability of death or poor out-

come at 6 months using the IMPACT prognostic calculator

(www.tbi-impact.org), was 27 and 36 %, respectively. The

neurosurgeon on call decided upon a conservative

approach with ICP monitoring and serial CT scans to

guide treatment.

Is There a Role for ICP Monitoring in Moderate
TBI?

The Brain Trauma Foundation guidelines recommend ICP

monitoring for the management of severe TBI (i.e., GCS

3–8) with abnormal CT scan (Class II recommendation)

and in select cases with normal CT scan (Class III rec-

ommendation) [9]. No specific recommendations for ICP

monitoring are provided for moderate TBI cases. In prac-

tice ICP is monitored in a minority of patients with

Fig. 1 Variability and

heterogeneity of injuries found

after moderate TBI. a epidural

hematoma, b depressed fracture,

c traumatic subarachnoid

hemorrhage + epidural

hematoma, d multiple brain

contusions, e Intraventricular

hemorrhage, f diffuse injury

type III (brain swelling, basal

cisterns effacement)
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moderate TBI (8–20 % in different series) and high ICP

has been reported in close of 50 % of these monitored

cases [15, 25, 27, 28, 35] (Table 2).

In our institutions, we consider ICP monitoring in

moderate TBI patients who fulfill one or more of the fol-

lowing criteria:

a) Postoperative period after removal of acute subdural

hematoma or multiple CC. In these cases, sudden

changes in ICP could signal hemorrhages due to

decompression or reperfusion, new extra-axial collec-

tions or worsening brain swelling [9].

b) GCS of 9–11 and CC (temporal or bifrontal) without

surgical intervention. In these instances, ICP monitor-

ing can help recognize progression of the contusions

[9, 64–66].

c) Diffuse injury type III. Due to the high probability of

intracranial hypertension and poor outcome, ICP

monitoring in these cases is indispensable [42, 83].

d) General anesthesia for emergency non-cranial surgery.

Especially in the presence of large mass lesions under

conservative treatment (epidural, subdural hematomas,

CC) [9]. ICP monitoring is indicated in these cases due

to loss of clinical evaluation and to evaluate effects of

anesthetics on cerebrovascular autoregulation [9].

e) Concomitant severe chest trauma requiring deep

sedation, high PEEP levels, recruitment maneuvers

or prone ventilation [88, 89]. In these cases, monitor-

ing is important because utilization of protective

ventilation with low tidal volumes can cause hyper-

capnia, cerebral vasodilation and increased ICP [88,

89]. Utilization of high levels of PEEP may worsen

intracranial hypertension by hindering adequate cere-

bral venous return [88, 89].

f) Concomitant intra-abdominal compartment syndrome.

This syndrome is associated with intracranial hyper-

tension [90].

g) Prolonged traumatic shock. These patients have

increased risk of cerebral edema.

Talk and Die Patients

The term ‘‘talk and die,’’ was first used by Reilly in 1975

to describe a subset of patients with head injuries who

presented with a verbal component of the GCS score of

three or higher and who, given their clinical presentation,

were thought to have sustained a survivable head injury,

but subsequently deteriorated and died due to potentially

Fig. 2 Tomographic classification system of severe TBI. (I) Diffuse

injury type I (normal); (II) Diffuse injury II (open basal cisterns,

midline centered and small lesions <25 cc); (III) Diffuse injury III

(absent basal cisterns); (IV) Diffuse injury IV (midline shift >5 mm

without focal lesion >25 cc); Non-evacuated Mass: intra or extra-

axial lesions >25 cc not surgically evacuated. Evacuated mass

lesion. The image shows incidence of intracranial hypertension

according to injury and associated outcomes in a series of 96 patients.

Modified with author permission from [104]
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reversible causes [91]. Most of these patients are included

in the moderate TBI category [16–22].

Since that time, the understanding of the pathophysiol-

ogy and treatment of head injuries has evolved, and

different studies have analyzed the incidence and potential

causative factors of ‘‘talk and die’’ [16, 20, 92–94]. Age,

GCS, CT scan findings, delays in obtaining neuroimages

and performing definitive surgical treatment, coagulopathy,

thrombocytopenia, and severity of injury are among these

factors [20, 92–95].

Reilly et al. made a description of 66 patients with TBI

who had talked at some time after the injury but then expired

[91]. 25 % of these patients did not have intracranial

hematoma at necropsy.Most of these patients had raised ICP,

and the most common reason was peri-contusional swelling

[91].Almost half of the non-hematoma cases had ischemic or

hypoxic brain damage. Fatality without intracranial hyper-

tension was most often due to meningitis [91]. The authors

concluded that morbidity and mortality in these patients

might be reduced by early diagnosis and more aggressive

treatment of raised ICP [91].

More recent studies have shown that patients who ‘‘talk

and die’’ are most frequently adult men and the most

common mechanisms of trauma are falls, motor vehicle

accidents and violence [18, 91]. In these studies, the

average GCS at admission to emergency department was

14 and the most frequent intracranial injuries were acute

subdural hematoma, diffuse cerebral edema and CC [16–

22, 92–95]. In about 14 % of these patients with GCS 13 at

admission, initial CT was normal but became abnormal

during hospitalization, especially because of development

of diffuse cerebral edema [91].

Most studies highlight that delay in the care of these

patients contributed to death [16–22, 91–95]. Among the

most important factors are: delays in diagnosis of lesion

through CT scan, delays in the transfer to a specialized

center, failure to identify risk factors for deterioration,

inadequate prevention of secondary injury, inappropriate

correction of underlying coagulopathy and loss of the

opportunity for definitive neurosurgical treatment [21].

Management Strategies

In the emergency room, we should emphasize the ABC of

resuscitation and ATLS guidelines [96] for the assessment

of associated injuries, and preventing or aggressively cor-

recting secondary insults, such as hypoxia and hypotension

Fig. 3 Illustrative case. A 26-year-old male admitted to our institu-

tion with a GCS score of 12 (E3, V3, M6) without any pupillary

asymmetry, focal neurological signs or abnormal motor response.

a Left On the left, CT scan on admission showed bilateral frontobasal

hemorrhagic contusions with a total volume <25 cc. Severe efface-

ment of the basal cisterns. Patient was classified as a Diffuse injury III

in the Marshall’s classification. On the right is shown the control CT

scan 24 h after admission when ICP was 45 mmHg. Peri-contusional

edema has increased significantly. b Left Because non-response to

first level therapies to control intracranial hypertension bifrontal

decompressive craniectomy was performed. Right Evolutive CT scan

at 6th day after surgery

Table 2 ICP Monitoring in moderate TBI

Authors Years Definition of

moderate TBI

Total patients Monitoring ICP n (%) ICP > 20 mm Hg n (%)

Rimel [28] 1982 9–12 199 35 (17.6 %) 14 (40 %)

Stein [32] 1992 9–13 447 19 (4.25 %) NR

Fearnside [25] 1998 9–13 110 20 (18.8 %) 10 (50 %)

Compagnone [35] 2009 9–13 305 23 (7.5 %) 9 (39 %)

Andriessen [15] 2011 9–13 169 14 (8.3 %) 8 (57 %)

Frequency of ICP monitoring and incidence of intracranial hypertension

TBI traumatic brain injury, ICP intracranial pressure, IHT, intracranial hypertension
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[1, 9, 10, 96–98]. The GCS score should be determined and

a head CT scan should be obtained. Multidisciplinary

consultation should be guided by the accompanying inju-

ries with urgent triage of injuries requiring surgery.

Patients should be admitted to the intensive care unit and

followed with serial physical examinations and also CT

scans when necessary (especially in type II and III diffuse

lesions and in cases with sizable contusions). Transcranial

Doppler (TCD) can be useful during initial valoration [99,

100]. Establishing algorithms and protocols for evaluation

and treatment is strongly advisable. Invasive ICP moni-

toring should be considered for selected cases as previously

discussed. Patients with diffuse injury type III should be

treated as a severe TBI, and consequently we recommend

Injuries associated assessment 
  (1st examina�on ATLS) 

ABC of resuscita�on To avoid secondary 
injuries 

Clinical stabiliza�on 

Other lesions 
(thorax, abdomen, 
neck, pelvis, long 
bones, etc) 

Cerebral CT scan 
CT scan of other regions 

(2nd exam ATLS) 
Specific Treatment 

Surgical Room-ICU 
Normal Abnormal 

Call Neurosurgeon 
Consider neuromonitoring (ICP) 

ICU Admission  
Close neurologic observa�on  
Serial CT, TCD examina�ons 
To avoid secondary insults 

Neurological 
worsening 

Intracranial hypertension

Specific protocol 

Poten�ally severe TBI 
(Moderate) 

Mass lesions (EDH, SDH, CC) Yes 

Consider evacua�on  
according guidelines 

No 

Pupillary altera�ons  
New neurologic deficit 

                   Seizures 

CT Scan 

Intubacion 
Hyperven�la�on 

Osmotherapy 
Call neurosurgeon 

Detec�on and treatment of 
non neurologic  

causes of deteriora�on 

Fig. 4 Algorithm for Moderate TBI management
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sedation, analgesia, mechanical ventilation, physiological

neuroprotection, anticonvulsant prophylaxis and an algo-

rithm to manage intracranial hypertension [1, 9, 10].

Guidelines for surgical treatment are not firmly estab-

lished [67]. The surgical decision must be supported by

pathophysiological reasoning and findings from neu-

roimaging and neuromonitoring. Space occupying lesions

that cause neurological deterioration, intracranial hyper-

tension refractory to medical treatment and radiological

signs of mass effect (midline shift, cisternal effacement or

compression) are associated with poor outcome if not

surgically evacuated [67]. Recommendations for the sur-

gical treatment of traumatic parenchymal lesions have been

proposed; however these are based on a low level of evi-

dence [67]. In Fig. 4, we depicted an algorithm for

Moderate TBI management.

Our patient was admitted to the neurointensive care unit

and was intubated, sedated and mechanically ventilated.

Neurosurgery was consulted and an intraparenchymal ICP

monitor was inserted. The initial ICP was 63 mmHg with a

good response to first level therapeutic measures (os-

motherapy and mild hyperventilation). Hours later, the

patient required gradual increase in the level of thera-

peutic intensity. ICP became refractory to first level

therapies 56 h after admission. A new CT scan showed an

increase in the peri-contusional edema and effacement of

the basal cisterns (Fig. 3b). Bi-frontal decompressive

craniectomy was performed (Fig. 3c and d). ICP normal-

ized after surgery, allowing gradual reduction of the

medical measures used for ICP control. Five days after

surgery, ICP monitoring was discontinued. Mechanical

ventilation was withdrawn 7 days after injury. The patient

recovered gradually with no residual focal neurologic

deficits. He was discharged from the neurointensive care

unit on day 13 with a GCS score of 15. He was discharged

home 3 weeks after injury. A titanium cranioplasty was

performed 1 month later.

Prognosis and Outcome

The reported mortality rates in moderate TBI are around

15 % [15, 35]. Approximately 75 % of these deaths occur

in individuals with GCS score 9 or 10, whereas the group

with GCS score ranging between 11 and 13 has a more

benign clinical course and better outcomes [13, 14]. Fur-

thermore, over 50 % of the survivors demonstrate

psychological and neurocognitive deficits highlighted by

disturbances in personality, behavior, chronic headaches,

and memory disorders. These disturbances compromise

daily life activities and impede or delay reintegration to

social and work environments [13–15, 25, 26, 28, 29, 34,

Brain Trauma
Ini�al resuscita�on and stabiliza�on

GCS 14 - 15 GCS 13 - 9 GCS 3 - 8

Risk factors Poten�ally severe 
TBI 

Severe  TBI

NO YES

Mild TBI Mild TBI 
of high risk

- Clinical observa�on
- Skull X-ray
- Discharge with 
educa�on of alarm 
signs

- Admission
- Clinical observa�on
-Neurosurgery  consult 

- ICU admission
- Serial examina�ons
- Serial CT scans 
- Neurosurgery consult
- Avoid secondary insults

- ICU admission
- Serial examina�ons
- Serial CT scans
- Neurosurgery consult
- Mechanical ven�la�on
- Mul�modality brain monitoring
- Intracranial hypertension and brain 
hypoxia management
- Avoid secondary insults

Severe TBI  
Protocol

-Trauma mechanism
-Old age
-Seizures,epilepsy
-Coagulopathy
-Alcohol
-Previous neurosurgery
-Difficul�es for 
neurologic examina�on

CT 
Scan

Normal Abnormal

GCS 11 - 13 GCS 9 - 10

CT 
Scan

CT 
Scan

Abnormal Normal Abnormal

CT 
Scan

Normal Abnormal

BTF criteria for ICP 
monitoring

YESNO

- ICU admission
- Serial examina�ons
- Serial CT scans
- Mechanical ven�la�on
Neurosurgery consult
- Avoid secondary insults

Severe TBI  
Protocol

Normal

Fig. 5 Proposed re-categorization of TBI severity
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35]. Elderly and pediatric patients are most susceptible

populations to these sequelea [13–15, 25, 26, 28, 34, 35].

Multiple and varied predictors of poor outcome have

been identified in moderate TBI. In one study, age over

45 years, delayed initiation of enteral feeding and pneu-

monia were associated with greater length of stay and with

cognitive-behavioral and functional long-term disability

[26]. In another study with prospective evaluation at

6 months, poor outcome was associated basal skull frac-

ture, traumatic subarachnoid hemorrhage, subdural

hematoma, coagulopathy, lower GCS score and lesion type

on CT scan according to a European modification of

Marshall’s classification [34]. In a prospective multicenter

Italian study of 315 patients with moderate TBI, the factors

associated with poor outcome were early seizures and

medical complications in the group of patients with GCS

11–13 and a score B4 points in motor component of GCS

among patients with GCS 9–10 [35].

Prognostic models such as IMPACT or CRASH have been

extensively validated and apply to patients with moderate

TBI.Thevariables included in the calculators are clinical (age,

GCS, pupil status, presence of hypoxia and hypotension), CT

scan findings and certain laboratory parameters such as glu-

cose and hemoglobin levels [101, 102]. The CRASH score

also incorporates adjustment according to the specific country

where the patient resides [101].

Certain biomarkers such as S100b protein, increase in

blood and cerebrospinal fluid in response to injury and may

have prognostic value [103]. Many studies have shown

significant association between S100b levels and adverse

outcome in moderate and severe TBI [103].

Two months after hospital discharge, the patient

underwent multidisciplinary evaluation. Although he had a

normal neurological examination, neuropsychological tests

showed bradyphrenia, attention and memory deficits, and

flat emotional response with abnormal social behavior.

Refining the Categorization of TBI Severity:
A Proposal for a New Classification Scheme

It is clear that a highly variable and heterogeneous cohort

of patients is included within the category of moderate

TBI. Within this spectrum, there are patients (especially

those with lower levels of alertness) who have a high

possibility of harboring or developing intracranial lesions

that may cause serious and potentially life-threatening

consequences. Thus, although most individuals survive the

initial injury, the risks in these cases should not be

underestimated. The death rate can reach 15 %, and the

likelihood of neurological disability is considerable.

Applying the term ‘‘moderate’’ to characterize patients

with TBI who have alterations in the level of

consciousness, but are not comatose, may be deceiving by

conveying the impression that these injuries are not that

serious and therefore do not need aggressive therapy. In

fact, available evidence indicates that individuals with

GCS scores of 9 and 10 share pathophysiology, lesion

types, and prognosis similar to those with severe TBI [1, 2,

12–14] [35]. Meanwhile, patients with GCS 11–13 can also

have substantial risk of subsequent neurological deterio-

ration, particularly if the initial CT scan is abnormal.

Therefore, we propose revisiting the classification of TBI

by incorporating patients with GCS 9–10 and abnormal CT

scan into the severe TBI category and using the term

‘‘potentially severe TBI’’ to classify patients with GCS

9–10 and normal CT scan and those with GCS 11–13 with

abnormal CT scan. The purpose of this reclassification and

terminology change is to increase the sensitivity of the

‘’alarm signal’’ to avoid underestimating the severity of

non-comatose but high risk patients Fig. 5.
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