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Abstract

In the past years several recommendations have been
published concerning the diagnostic work-up and
treatment of patients with traumatic brain injury (TBI).
They show that with regard to the surgical manage-
ment of acute epidural hematomas, acute subdural he-
matomas, traumatic parenchymal lesions, posterior
fossa mass lesions, as well as depressed skull fractures
there is a lack of controlled studies, which would allow
to define standards of treatment or guidelines, respec-
tively. Nonetheless, treatment protocols serve an im-
portant purpose, because they may improve manage-
ment of TBI patients by promoting uniform
decision-making in the treatment of these patients,
namely in
e the identification of the few patients likely to suffer

from complications among the large number of pa-

tients who sustain a mild to moderate head injury and
e strategies for avoiding posttraumatic cerebral isch-

emia.
In this context, the authors focus on the importance of
plain skull X-rays and CT scan, respectively, in the
work-up of mild TBI patients and on the indications for
decompressive craniectomy for the relief of intractable
elevation of intracranial pressure following severe TBI.
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Introduction
Guidelines are published in an effort to promote best
practice, and to optimize the care of patients. They have
tobe based on the best available scientific, evidence-based
methodology and must incorporate the latest develop-
ments and evidence on the care. They are also designed
to minimize variations in practice, by bringing everyone
up to best performance. It has been shown that adher-
ence to a protocol based on guidelines may significantly
improve mortality and outcome [14, 32, 119].

The development of guidelines may follow different
approaches: either evidence-based as chosen by the
Brain Trauma Foundation [15] or, where there is a lack
of high-quality evidence, consensus- and expert opin-
ion-based as developed by the European Brain Injury
Consortium (EBIC) [72].

Evidence-based guideline development links rec-
ommendations directly to scientific evidence of effec-
tiveness; rules of evidence are emphasized over expert
opinion in making recommendations [15, 125]. The clas-
sification of evidence into three categories leads to the
formulation of recommendations called Standards,
Guidelines, and Options (Table 1). This terminology
was developed to indicate the strength of the recom-
mendations based upon the strength of scientific medi-
cal evidence.

In the past years, several guidelines have been pub-
lished regarding the treatment and the diagnostic work-up
of patients suffering from traumatic brain injury (TBI) [1,
5,6,8,15,51,72,103, 115, 121]. They show that with re-
gard to the surgical management of acute epidural hema-
tomas, acute subdural hematomas, traumatic parenchy-
mal lesions, posterior fossa mass lesions, as well as
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Table 1. Brain Trauma Foundation: surgical management of traumatic
brain injury (Bullock et al. [15]).

Relation of strength of evidence to strength of recommendations

ClassI Evidence is used to support treatment recommendations of the
strongest type, practice Standards, reflecting a high degree of
clinical certainty. Requires at least one randomized controlled
trial as part of a body of literature of overall good quality and
consistency addressing the specific recommendation (evidence

levels Ia, Ib)

Class II Evidence is used to support Guidelines, reflecting a moderate
degree of clinical certainty. Requires the availability of well-con-
ducted studies but not randomized evidence on the topic of the
recommendation (evidence levels II, IIa, IIb, III)

Class III Evidence supports practice Options, reflecting unclear clinical
certainty. Requires evidence obtained from expert committee
reports or opinions and/or clinical experiences of respected au-
thorities. Indicates an absence of directly applicable clinical
studies of good quality (evidence level IV)

depressed skull fractures there is a lack of controlled
studies, which would allow to define standards of treat-
ment or guidelines, respectively. Most recommendations
are based on expert opinion and clinical experience,
so-called Class 111 recommendations or practice Options
(see below). Recommendations may not necessarily be
weak where the evidence is weak, especially when the
logic of the recommendation and all the evidence sup-
porting it, however weak, as well as clinical experience all
support the recommendation [15]. One such example is
the recommendation regarding timing of evacuation of
epidural hematomas. According to the paradigm em-
braced and used in the “Guidelines for the management
of severe traumatic brain injury” (STBI), case series indi-
cate that patients who have a Glasgow Coma Scale (GCS)
score of <8 with evidence of a “blown pupil” and who are
operated upon early on, achieve better outcomes. How-
ever, this level of evidence can only support a practice
Option. Yet, no competent neurosurgeon will allow a pa-
tient in this clinical scenario to be neglected when the
need for surgical relief of brain compression is so clear. It
is fairly certain to say that there will never be a random-
ized controlled trial for this circumstance, and thus never
a practice “Standard”. On the other hand, there is no evi-
dence that waiting to operate upon such a patient is ben-
eficial, and therefore an “Option” to delay surgical evac-
uation will also probably never be promulgated. If,
indeed, such a recommendation were put forward, it
would never be accepted by the profession, and rightfully
so misinterpreted.

Nonetheless, treatment protocols serve an impor-
tant purpose, because they may improve management
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of TBI patients by promoting uniform decision-making
in the treatment of these patients, thus also facilitating
comparison of patient populations across treatment
centers. For example, this may be of importance where
we try to identify the few patients likely to suffer from
complications among the large number of patients who
sustain a mild to moderate head injury (GCS 13-15, and
9-12, respectively). The avoidance of secondary cere-
bral ischemia is another area, where guidelines seek to
promote a more uniform course of action.

In this present review we will address the problem
of employing the adequate diagnostic tool (skull X-ray
[SR] vs. computed tomography [CT]) following mild
head injury, as well as discuss the indications and timing
of decompressive craniectomy (DCE) in the neurosur-
gical treatment of patients with TBI.

Mild Traumatic Brain Injury
Mild traumatic brain injury (MTBI) is defined as the
consequence of blunt (nonpenetrating) impact with
sudden acceleration, deceleration or rotation of the
head with a GCS score of 1315 [110] on admission to
hospital [121]. The primary goal of initial management
in MTBI s to identify the patients at risk for intracranial
abnormalities and especially those who may need neu-
rosurgical intervention.

Therefore the Neurotraumatology Committee of the
World Federation of Neurosurgical Societies (WFNS)
[100] has classified mild head injury in adults as
o Jow-risk mild head injury: those patients with a GCS of

15 and without a history of loss of consciousness, am-
nesia, vomiting, or diffuse headache;

o medium-risk mild head injury: those with a GCS of 15
and one or more of the following symptoms: loss of con-
sciousness, amnesia, vomiting, or diffuse headache;

e high-risk mild head injury: those with an admission
GCS of 14 or 15, with a skull fracture and/or neuro-
logic deficits.

Patients with one of the following risk factors — coagulo-

pathy, drug or alcohol consumption, previous neurosur-

gical procedures, pre-trauma epilepsy, or age > 60 years

— are included in the high-risk group independently of

the clinical presentation.

An outcome study of patients who had a head injury
suggested that patients with a low risk of dying — that is,
patients with mild head injury — are at the greatest risk of
inadequate diagnosis and treatment [58]. Most of the pre-
ventable mortality arose from late diagnosis of deteriora-
tion in patients who initially seemed to have minor inju-
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ries. About 75% of deceased patients presented with
delayed intracranial hematoma [70, 71, 112]. The fre-
quency of a surgical lesions (i.e., requiring surgical evacu-
ation) in hospital-admitted patients varies between 0.7%
and 4.0% in different studies [104, 109]. Even if the GCS
score is 15, intracranial lesions cannot be completely ex-
cluded clinically on head trauma patients who have loss
of consciousness or amnesia, regardless of age, mecha-
nism of injury, or clinical findings [53]. This poses the
question about the adequate diagnostic work-up and/or
the need for in-hospital clinical surveillance of these pa-
tients. Use of a clinical decision scheme based on risk fac-
tors may facilitate this process [121].

The question whether to perform a CT scan or not
is only applicable to patients who present in the emer-
gency department with a normal neurologic exam. All
patients, who do not have a GCS of 15, or who with a
GCS of 15 present with neurologic or neuropsycho-
logical deficits [120] require a CT scan. As did the Neu-
rotraumatology Committee of the WFNS [100], the
task force of the European Federation of Neurosurgi-
cal Societies (EFNS) [121] has listed the risk factors for
intracranial complications following mild head injury
(Table 2).

In conscious (GCS 15) and neurologically normal
patients the finding of a linear fracture of the cranial
vault increases the risk of intracranial hematoma con-
siderably [76, 109]. Therefore the Society of British
Neurological Surgeons [103] recommends conventional
SR in two planes according to the criteria in Table 3 in
order to identify patients at risk of developing a surgi-
cally significant intracranial hematoma. Indication to
perform a CT scan or to transfer the patient to another
hospital, therefore, was based on the presence of a skull
fracture. However, more recent studies have questioned
the value of conventional SR in MTBI. Hofman et al.
[48] found that the probability of intracranial hematoma
in patients with MTBI and skull fracture is not elevated
41-fold [76] but only by a factor of 5. Severe intracranial
pathology may be present even in the absence of a frac-
tured skull. Furthermore, skull factures are often missed
by the less experienced physicians [111], who usually see
most patients with MTBI in most institutions. This will
decrease the sensitivity of the SR even further. Even in
detecting skull fractures CT was found to be superior to
plain X-rays [112].

The “EFNS guideline on mild traumatic brain injury”
[121] therefore postulates: “Skull radiography is of insuf-
ficient value in the detection of intracranial abnormalities
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Table 2. The task force of the European Federation of Neurosurgical
Societies [121].

Risk factors for intracranial complications after mild traumatic brain
injury

® Unclear or ambiguous accident history

e Continued posttraumatic amnesia?

® Retrograde amnesia > 30 min

® Trauma above the clavicles including clinical signs of skull fracture
(skull base or depressed skull fracture)

e Severe headache

® \lomiting

 Focal neurologic deficit

® Seizure

® Age < 2 years

® Age > 60 years®

® Coagulation disorders

e High-energy accident®

e Intoxication with alcohol/drugs

2 Continued posttraumatic amnesia may be interpreted as a GCS verbal reaction of 4
and hence may be defined as GCS < 15

bThe Canadian CT head rule found age > 65 to be a risk factor [105]

¢According to Advanced Trauma Life Support principles, a high-energy vehicle acci-
dent is defined as initial speed > 64 km/h, major auto-deformity, intrusion into pas-
senger compartment > 30 cm, extrication time from vehicle > 20 min, falls > 6 m, roll
over, auto-pedestrian accidents, or motor cycle crash > 32 km/h or with separation of
rider and bike (American College of Surgeons Committee on Trauma 2004, [8])

in patients with MTBI (Grade A, recommendation)”,
and “CT s the gold standard for the detection of intracra-
nial abnormalities and is a safe method for home triage”.
Similarly, the WFNS [100] recommends obtaining a CT
scan from patients with “medium-risk mild head injury”.
If CT scanning is not so readily available, adults should
have an SR and, if this shows a fracture, should be moved
to the “high-risk” category and undergo CT scanning as
every patient in the high-risk category.

Table 3. Guidelines for the initial management of head injuries: rec-
ommendations from the Society of British Neurological Surgeons
[103]. CSF: cerebrospinal fluid.

Indications for skull X-ray after recent head injury

Orientated patient

 History of loss of consciousness or amnesia

® Suspected penetrating injury

® CSF or blood loss from nose or ear

 Scalp laceration (to bone or 5 cm long), bruise or swelling

e \liolent mechanism of injury

® Persisting headache and/or vomiting

e In a child, fall from a significant height (which depends in part on the
age of the child)

e and/or onto a hard surface; tense fontanel; suspected nonaccidental
injury

Patient with impaired consciousness or neurologic signs

All patients unless urgent CT is performed or transfer to neurosurgery is

arranged

Note: skull X-ray is not necessary, if CT is to be performed
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A liberal policy of CT scanning

Mild traumatic brain injury CGCS = 13-15)

is warranted for pediatric patients
with a high-risk mechanism of inju-

Category 1 Category 2
GCS = 15 with risk factors*
GCS =15
LOC < 30 min Category 3
PTA < 60 min GCS = 13-14 with/without risk factors*
No risk factors*

ry despite maintenance of normal regory 9
neurologic status in the field and at GCS =15
) ) No LOC
hospital screening [102]. No PTA
When CT is available, plain No risk factors™

X-ray films of the skull contribute
little or no additional information
for the clinical management of the
acute head trauma patient.

In most major trauma centers,
therefore, plain X-ray films of the
skull have been supplanted by CT
scanning [21, 28, 68, 69], even if
there is no agreement in the lit-
erature on whether patients with
MTBI should undergo CT scan and
be discharged home if inconspicu-
ous, or whether all patients should
be admitted but only a few undergo
CT [105]. The EFNS task force
[121] modified the decision schemes
of the Dutch and Scandinavian
guidelines [51, 115] for the initial
management of MTBI (Figure 1)
and recommend a CT scan over
plain X-ray in MTBI, if warranted
as do the WFNS guidelines [100].

l

l

Discharge home | | CT (recomm.)**

l

l

CT mandatory

l

v

CT abnormal

Skull fracture (linear, depressed, basal skull)

Epidural hematoma (EDH)
Subdural hematoma (SDH)
Contusion zones
Intracranial hemorrhage
Brain edema (local — diffuse)

Subarachnoid hemorrhage (SAH)

Pneumencephalon

Yes

No

| Indication for operation? Ii

Yes

-

v

Discharge home (Category 1)
with head injury warning
instructions unless coagulation
or other disorder (multitrauma)

Admit to neutrotrauma center

Hospital admission (Cat. 2 or 3)
Observe 24 h

Consider neurotrauma consult
and repeat CT (or MRI)

present

Conclusion

CT scan is the gold standard for * see Table 2

early detection of serious complica-
tions in MTBI. Only low-risk mild
injury patients — those with a GCS
score of 15 and without a history of
loss of consciousness, amnesia, vomiting, or diffuse
headache — do not need a CT. In these patients the risk
of intracranial hematoma requiring surgical evacuation
is definitively < 0.1 : 100 [31].

For all other MTBI patients a CT scan is highly recom-
mended. There is no sufficient data to conclude in which
patients a normal initial CT scan may allow for immediate
discharge home or if in-hospital observation is necessary.

Neurosurgical Interventions
The most serious complication of TBI is the occurrence
of an intracranial mass lesion, i.e., a hematoma within
the skull vault, which occurs in 25-45% of severe head
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**If CT scan is limited, conventional skull X-ray may be performed

Figure 1. Management of mild traumatic brain injury (modified from the EFNS guideline on
mild traumatic brain injury [121]). LOC: loss of consciousness, PTA: posttraumatic amnesia.

injuries, and in 3-23% of mild to moderate TBI cases
[113]. Without effective surgical management, an intra-
cranial hematoma may transform an otherwise benign
clinical course with the expectation of recovery, into a
situation where death or permanent vegetative survival
is imminent.

The aim of neurosurgical care is to minimize the
secondary brain damage that occurs after a severe head
injury [101]. This includes the evacuation of an intracra-
nial mass lesion, the reduction of intracranial volume
and external ventricular drainage with hydrocephalus.
When conservative treatment fails, a DCE might be
successful in lowering intracranial pressure (ICP).
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Table 4. The Brain Trauma Foundation, the American Association of
Neurological Surgeons: the Joint Section on Neurotrauma and Critical
Care [10].

Table 5. Guidelines for the acute medical management of severe trau-
matic brain injury in infants, children, and adolescents (Adelson et al.

()

Indications for intracranial pressure (ICP) monitoring in adults

Indications for intracranial pressure (ICP) monitoring in children

In adult patients ICP monitoring is appropriate with severe head injury
with an abnormal admission CT scan. Severe head injury is defined as a
GCS 3-8 after cardiopulmonary resuscitation. An abnormal CT scan of the
head is one that reveals hematomas, contusions, edema, or compressed
basal cisterns.

ICP monitoring is appropriate in patients with severe head injury with a nor-
mal CT scan, if two or more of the following features are noted at admission:
® age > 40 years

e unilateral or bilateral motor posturing

e systolic blood pressure < 90 mmHg.

ICP monitoring is not routinely indicated in patients with mild or moder-
ate head injury. However, a physician may choose to monitor ICP in cer-
tain conscious patients with traumatic mass lesions. ICP treatment should
be initiated at an upper threshold of 20-25 mmHg. Interpretation and
treatment of ICP based on any threshold should be corroborated by fre-
quent clinical examination and cerebral perfusion pressure (CPP) data

Two patient populations must be distinguished
when addressing treatment guidelines in TBI:

(A) patients who do not require surgical decompres-
sion, but who need monitoring of ICP in order to
determine cerebral perfusion pressure (CPP), and

(B) patients who will undergo neurosurgical treatment.

(A) Injuries, Requiring ICP Monitoring, but not

Surgical Decompression
ICP is derived from cerebral blood and cerebrospinal fluid
(CSF) circulatory dynamics and can be affected in the
course of many diseases of the central nervous system.
Monitoring of ICP requires an invasive transducer [24].

In patient with severe head injury the correlation
between high ICP and poor outcome is widely accepted
[3,71, 84]. A recent review of data from twelve Canadi-
an trauma centers also revealed a significant association
between ICP monitoring and improved survival [63].

So far, there have not been any prospective random-
ized trials analyzing whether ICP measurement in itself
positively affects outcome following TBI. However, two
class I studies [29, 82] and clinical experience show that
ICP monitoring:

e allows the earlier detection of delayed intracerebral
hemorrhage,

e allows for lowering of ICP through CSF drainage (if an
intraventricular monitoring device is used),

e may avoid an uncontrolled (or unnecessary) ICP-low-
ering therapy with potentially severe unwanted side ef-
fects,

¢ may help to predict outcome.
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Ininfants and children ICP monitoring is appropriate with severe trau-
matic brain injury (GCS < 8). The presence of open fontanels and/or su-
tures in an infant with severe traumatic brain injury does not preclude the
development of intracranial hypertension or negate the utility of ICP
monitoring. ICP monitoring is not routinely indicated in infants and chil-
dren with mild or moderate head injury. However, a physician may choose
to monitor ICP in certain conscious patients with traumatic mass lesions
or in patients for whom serial neurologic examination is precluded by se-
dation, neuromuscular blockade, or anesthesia. Treatment for intracranial
hypertension, defined as a pathologic elevation in ICP, should begin at an
ICP > 20 mmHg. Interpretation and treatment of intracranial hyperten-
sion based on any ICP threshold should be corroborated by frequent clini-
cal examination, monitoring of physiologic variables (e.g., cerebral perfu-
sion pressure), and cranial imaging

For comatose patients (GCS 3-8) with abnormal CT
findings, ICP monitoring is recommended (Tables 4
and 5). Generally, comatose patients with normal CT
scans have a low risk of increased ICP, however, this
risk increases for patients > 40 years or if systolic blood
pressure is < 90 mmHg.

In patients with mild (GCS 13-15) or moderate TBI
(GCS 9-12), no routine ICP monitoring is recommend-
ed, because these patients can be evaluated clinically.
For young children the same recommendations are val-
id, regardless of the degree of closure of the fontanels.
In patients who require ICP monitoring, a ventricular
catheter (intracerebroventricular [ICV] device) con-
nected to an external strain gauge transducer or catheter
tip pressure transducer device is the most accurate and
reliable method of monitoring ICP and enables thera-
peutic CSF drainage. Parenchymal catheter tip pressure
transducer devices measure ICP similar to ventricular
ICP pressure but have the potential for significant mea-
surement differences and drift due to the inability to
recalibrate. These devices are advantageous when ven-
tricular ICP is not obtained or if there is obstruction in
the fluid couple. Subarachnoid or subdural fluid-cou-
pled devices and epidural ICP devices are currently less
accurate [10, 24, 36, 64, 127].

If an ICP monitor was placed in the emergency
room, it can be used to assess the CPP and guide thera-
peutic interventions aimed at reducing ICP. If the mul-
tiply injured patient with TBI or a depressed level of
consciousness is to undergo a lengthy (> 2 h) nonneuro-
surgical operation without full evaluation of potential
brain injury, then an ICP monitor should be placed dur-
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ing surgery to guide management, provided coagulation
parameters are acceptable [67]. Clinically significant in-
fections or hemorrhage associated with ICP devices
causing patient morbidity are rare and should not deter
the decision to monitor ICP [46, 49, 124].

In children and adults who are stable and who can
be assessed clinically, repeated CT scans do not detect
lesions requiring a change of treatment. They are there-
fore not required [13, 56, 107). However, in patients
with STBI and normal initial CT scan, in whom ICP is
not monitored, at least one control CT scan is manda-
tory [70, 71].

ICP treatment should be initiated at an upper
threshold of 2025 mmHg [11]. Interpretation and treat-
ment of ICP based on any threshold should be corrobo-
rated by frequent clinical examination and CPP data
[30, 78, 85, 103]. ICP monitoring may be stopped as
soon as the patient becomes clinically assessable and if
within the next 24 h no major therapeutic intervention
is scheduled. For ICV devices the amount of necessary
CSF drainage should not exceed 50 ml/24 h before re-
moval.

(B) Injuries Requiring Neurosurgical Decompression
Prioritization of evaluation and treatment of head inju-
ries versus systemic injuries will depend on the hemody-
namic stability of the patient. The initial management of
the head-injured should be similar to the polytrauma
without head injury focusing on the rapid control of
hemorrhage and restoration of vital signs and tissue per-
fusion [6] (Advanced trauma life support [ATLS®]
guidelines). Cavity decompression may be necessary as
well as temporary skeletal stabilization [37]. Stable pa-
tients should undergo a CT scan of the head performed
before going to the operating room for systemic injuries
to evaluate any potentially operative lesions such as an
acute subdural or epidural hematoma. The clinical triad
of depressed consciousness, unequal pupils, and hemi-
paresis is diagnostic of a mass lesion. However, all three
findings may not be present, or may not be detectable in
the tracheally intubated patient after administration of
muscle relaxant [67].

When a CT scan has to be postponed, insertion of
an ICP monitoring device — after checking for adequate
hemostasis [88] — may be helpful in optimizing intraop-
erative care for the TBI patient. Once the life-threaten-
ing injuries are stabilized, urgent head CT should be
obtained. Intracranial compression must be relieved as
quickly as possible in order to minimize the extent of

336

secondary injury. When these lesions are associated
with other life-threatening systemic injuries, simultane-
ous operations may need to be performed to achieve the
best neurologic outcome.

The prognosis of intracranial mass lesions correlates
directly with the time between onset of neurologic
symptoms (pupillary abnormalities and/or neurologic
deterioration) and the surgical evacuation of the lesion.
Time from onset of coma to surgery is more important
than time between trauma and surgery [12, 27, 43, 60,
96, 123]. Haselsberger et al. [43] found that in a group of
patients with acute epidural hemorrhage, craniotomy
for evacuation within 2 h led to 67% good outcomes and
17% mortality, whereas decompression > 2 h after onset
of coma dramatically reduced good outcomes to 13%
and increased mortality to 56%.

There is a lack of “Standards” or “Guidelines” with
regard to surgical interventions in acute TBI. However,
the absolute necessity to evacuate mass lesions pre-
cludes randomized controlled trials, as mentioned be-
fore. Tables 6 to 8 list the “Options” for surgical treat-
ment of intracranial, extracerebral hematomas and for
intraparenchymal hematomas as well as for depressed
skull fractures [15].

Decompressive Craniectomy
The importance of intracranial hypertension in deter-
mining the outcome of head-injured patients is well
known [9, 16, 77, 78] and has been confirmed only re-
cently by Juul et al. [55] in a large clinical trial.

Following TBI, raised ICP refractory to standard
treatment measures (sedation, ventricular CSF drain-
age, mild hyperventilation, mannitol) is a common
problem [106]. It is estimated that 10-15% of patients
admitted with STBI will ultimately manifest medically
and surgically intractable elevated ICP with an associ-
ated mortality of 84-100% [65, 84]. An obvious way to
convert the closed box surrounding the brain into an
open box is to open the skull by craniectomy, which has
been performed for decades [17, 23, 38, 57, 61, 91].

In recent years there has been a renewed interest in
the use of DCE [87] for control of otherwise intractable
ICP in adult patients [35, 40, 42, 44, 89] as well as in chil-
dren [33, 45, 92, 95, 108] with head injuries and severe
intracranial hypertension, but no surgical mass lesion.
Horizontal midline shift and compression of the basal
cisterns, as demonstrated by CT scan, are well-known
predictors of poor outcome [114,117]. There is evidence
that the operation does favorably influence ICP. In both
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Table 6. Brain Trauma Foundation: surgical management of traumatic brain injury (Bullock et al. [15]).

Surgical management of acute epidural hematomas

Indications for surgery

® An epidural hematoma > 30 cm? should be surgically evacuated regardless of the patient’s Glasgow Coma Scale score

® An epidural hematoma < 30 cm® and with < 15 mm thickness and with < 5 mm midline shift in patients with a Glasgow Coma Scale score > 8 without
focal deficit can be managed nonoperatively with serial CT scanning and close neurologic observation in a neurosurgical center

e It is strongly recommended that patients with an acute epidural hematoma in coma (Glasgow Coma Scale score < 9) with anisocoria undergo surgical

evacuation as soon as possible
Timing

It is strongly recommended that patients with an acute epidural hematoma in coma (Glasgow Coma Scale score < 9) with anisocoria undergo surgical

evacuation as soon as possible
Methods

There are insufficient data to support one surgical treatment method. However, craniotomy provides a more complete evacuation of the hematoma

Surgical management of acute subdural hematomas

Indications for surgery

® An acute subdural hematoma with a thickness > 10 mm or midline shift > 5 mm on CT should be surgically evacuated, regardless of the patient’s

Glasgow Coma Scale score

® All patients with acute subdural hematoma in coma (Glasgow Coma Scale score < 9) should undergo intracranial pressure monitoring

® A comatose patient (Glasgow Coma Scale score < 9) with a subdural hematoma < 10 mm thickness and midline shift <5 mm should undergo surgical
evacuation of the lesion, if the Glasgow Coma Scale score decreased between the time of injury and hospital admission by 2 or more points on the
Glasgow Coma Scale and/or the patient presents with asymmetric or fixed and dilated pupils and/or the intracranial pressure exceeds 20 mmHg

Timing

In patients with acute subdural hematoma and indications for surgery, surgical evacuation should be done as soon as possible

Methods

If surgical evacuation of an acute subdural hematoma in a comatose patient (Glasgow Coma Scale score < 9) is indicated, it should be done using a crani-

otomy with or without bone flap removal and duraplasty

animal and human studies, surgical decompression has
been found to lower ICP by increasing intracranial vol-
ume [4,7,25,38,41,42,44,47,54,61,78, 89]. Muench et
al. [81] found that the mean volume gained by surgical
decompression ranged from 15.9 to 347.4 cm?® with a me-
dian volume of 73.6 cm?®. In subtemporal craniectomy
without opening the dura, Alexander et al. [4] measured
a gain of 30 cm® in volume. Craniectomy also improves
dynamics of ICP [25, 40, 42, 89, 95]. Yoo et al. [126]
monitored the ventricular pressure continuously, dur-
ing bilateral decompressive procedures and during the
postoperative period. The initial ventricular ICP was
variable, ranging from 16 to 65.8 mmHg. Immediately
after bilateral craniectomy, the mean ventricular ICP
decreased to 50.2 + 16.6% of the initial ICP (range 5-
51.5 mmHg). Additional opening of the dura decreased
the mean ICP by an additional 34.5% and reduced the
ventricular pressure to 15.7 + 10.7% of the initial pres-
sure (range 0-15 mmHg). Ventricular pressure mea-
sured postoperatively in the neurosurgical intensive
care unit was lowered to 15.1 + 16.5% of the initial ICP.
The ventricular ICP trend in the first 24 h after decom-
pressive surgery was an important prognostic factor; if it
was > 35 mmHg, the mortality rate was 100%. The same
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experience was reported by Jourdan et al. [54] in pa-
tients suffering from cerebrovascular accidents. After
flap removal, ICP decreased by 15% and, after opening
of the dura, it fell a further 70%. In six patients they
were able to carry out continued postoperative moni-
toring of ICP, which stayed < 50% of initial values. This
decrease in ICP is sustained for hours [89]. This two-lev-
eled drop in ICP was also noted by Jaeger et al. [52]. In
that study, simultaneously, tissue oxygenation (P,O,)
increased rapidly from 0.8 kPa (6 mmHg) to 3.07 kPa
(23 mmHg). P,O, and ICP remained at noncritical rang-
es postoperatively. Whitfield et al. [122] reported bene-
ficial effects of decompression also on other ICP vari-
ables, such as ICP waveform, the magnitude of slow ICP
waves, and the correlation coefficient between ICP am-
plitude and ICP; CPP, however, was not affected. Ex-
amining the effects of the procedure on CT appearance,
a decrease in midline shift and improved visibility of the
mesencephalic cisterns were observed as a result of de-
compression [81].

Indications

When discussing DCE, two entirely different situations
have to be distinguished [116]:
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Table 7. Brain Trauma Foundation: surgical management of traumatic brain injury (Bullock et al. [15]).

Surgical management of traumatic parenchymal lesions

Indications for surgery

e Patients with parenchymal mass lesions and signs of progressive neurologic deterioration referable to the lesion, medically refractory intracranial hy-
pertension, or signs of mass effect on CT scan should be treated operatively

e Patients with Glasgow Coma Score (GCS) 6-8 with frontal or temporal contusions > 20 cm?® in volume with midline shift > 5 mm and/or cisternal com-
pression on CT scan, and patients with any lesion > 50 cm?® in volume should be treated operatively

e Patients with parenchymal mass lesions who do not show evidence for neurologic compromise, have controlled intracranial pressure (ICP), and no sig-
nificant signs of mass effect on CT scan may be managed nonoperatively with intensive monitoring and serial imaging

Timing and methods

Craniotomy with evacuation of mass lesion is recommended for those patients with focal lesions and the surgical indications listed above.

Bifrontal decompressive craniectomy within 48 h of injury is a treatment option for patients with diffuse, medically refractory posttraumatic cerebral

edema and resultant intracranial hypertension.

Decompressive procedures, including subtemporal decompression, temporal lobectomy, and hemispheric decompressive craniectomy, are treatment op-

tions for patients with refractory intracranial hypertension and diffuse parenchymal injury with clinical and radiographic evidence for impending trans-

tentorial herniation

Surgical management of posterior fossa mass lesions

Indications for surgery

e Patients with mass effect on CT scan or with neurologic dysfunction or deterioration referable to the lesion should undergo operative intervention.
Mass effect on CT scan is defined as distortion, dislocation, or obliteration of the fourth ventricle, compression or loss of visualization of the basal cis-
terns, or the presence of obstructive hydrocephalus

e Patients with lesions and no significant mass effect on CT scan and without signs of neurologic dysfunction may be managed by close observation and
serial imaging

Timing

In patients with indications for surgical intervention, evacuation should be performed as soon as possible, since these patients can deteriorate rapidly,

thus worsening their prognosis

Methods

Suboccipital craniectomy is the predominant method reported for evacuation of posterior fossa mass lesions, and is therefore recommended

Table 8. Brain Trauma Foundation: surgical management of traumatic brain injury (Bullock et al. [15]).

Surgical management of depressed skull fractures

Indications for surgery

e Patients with open (compound) skull fractures depressed greater than the thickness of the skull should undergo operative intervention to prevent in-
fection

e Patients with open (compound) depressed skull fractures may be treated nonoperatively, if there is no clinical or radiographic evidence of dural pene-
tration, significant intracranial hematoma, depression > 1 c¢m, frontal sinus involvement, gross cosmetic deformity, wound infection, pneumencephalon
or gross wound contamination

® Nonoperative management of closed (simple) depressed skull fractures is a treatment option

Timing

Early operation is recommended to reduce the incidence of infection

Methods

Elevation and debridement is recommended as the surgical method of choice.

Primary bone fragment replacement is a surgical option in the absence of wound infection at the time of surgery. All management strategies for open

(compound) depressed fractures should include antibiotics

(1) the prophylactic DCE during evacuation of a mass
lesion, based on clinical signs (neurologic state, CT
scan, intraoperative swelling) instead of physiologi-

—when with protocol-driven management ICP be-
comes intractable.
Typically, therapeutic DCE is considered a last resort

cal parameters, and
(2) the therapeutic DCE
—when in patients not suffering from an evacuable
mass lesion fatal pontine damage is already pri-
marily present or
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when staged application of medical interventions (in-
cluding hypothermia and barbiturates) and ventricular
CSF drainage have failed to control posttraumatic in-
tracranial hypertension [40, 74, 75, 83, 98, 122] of > 30
mmHg when associated with a CPP of < 70 mmHg, or
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when the ICP exceeded 35 mmHg irrespective of CPP
[122]. For Kontopoulos et al. [59] the indication for
DCE included the appearance or deterioration on the
CT scan of diffuse unilateral or bilateral brain swelling
in correlation with clinical deterioration, dilatation of
pupils, unresponsiveness to light, increase of ICP to > 30
mmHg and/or reduction of CPP to < 60 mmHg for a pe-
riod > 15 min and failure to respond to maximal medical
treatment mentioned above. In children, Ruf et al. [95]
initiated DCE including dura opening in cases of a sus-
tained increase in ICP > 20 mmHg for > 30 min despite
maximally intensified conservative therapy (optimized
sedation and ventilation, barbiturates or mannitol). In
rare cases therapeutic DCE is performed in order to
decompress brain swelling due to diffuse axonal injury
grade III according to Marshall et al. [73] diagnosed on
initial CT scan. Coplin et al. [20] start DCE as the initial
surgical intervention for STBI with horizontal midline
shift greater than explained by a removable hematoma.
Prophylactic DCE [81] is performed by refraining from
reinserting the removed skull flap after evacuating a
mass lesion (acute epidural hematoma, subdural hema-
toma or intraparenchymal lesion).

Polin et al. [89] argue that once the ICP reaches a sus-
tained level > 40 mmHg, the chance for intervention be-
fore permanent neurologic devastation has passed. Simi-
larly, if the patient is not operated on promptly, sustained
damage from elevated ICP can preclude recovery.

Technique
There is considerable debate in terms of the nuances of the
type and the extension of subtemporal decompression:
e fronto-parieto-temporal unilateral [81] versus bilater-

al;
e bifrontal with/without cutting through the superior
sagittal sinus and the falx cerebri [57, 89, 118, 122];

e subtemporal decompression [4, 38];
e circumferential craniotomy [17].
Furthermore, the dura may be left intact, scarificated
[90], sliced [79] or it may be augmented by a plasty [20].
In order to reduce venous congestion, the creation of
vascular tunnels may be considered [22]. The DCE may
also be combined with a temporal lobectomy [66, 85].

The most favorable effect seems to results from
large fronto-subtemporo-parieto-occipital craniecto-
mies combined with enlargement of the dura. It appears
to be essential that the craniotomy extends down to the
floor of the middle cranial fossa. Cranioplasty should be
performed as earlier as edema has resolved [62].
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Complications
Despite several series of this procedure reported in the
literature, the complication rate of the operation is un-
clear. Patients may develop intracerebral or subdural
hematomas [80] necessitating evacuation, injury to the
cerebral cortex, reactive cerebral edema and brain her-
niation through the defect escalating the problems [19,
34, 39]. Shift of the brain with variable degrees of necro-
sis, CSF leaks, injury to the venous sinuses and infec-
tions have been reported. DCE seems to increase the
incidence of hygromas and hydrocephalus [40, 89].

Rarely, a sinking scalp flap syndrome may develop, in
which there is neurologic deterioration, thought to be re-
lated to the concavity of the skin flap and underlying brain
tissue secondary to atmospheric pressure and also to the
in-and-out displacement of the brain through the skull de-
fect [97]. Care must be taken to avoid the sigmoid and su-
perior sagittal sinuses to avoid complications related to
thrombosis. Skull reconstruction itself is associated with
infections and bone flap resorption after cranioplasty.

Clinical Outcome
The concern that DCE may save life at the expense of
increasing the number of patients in vegetative state
and severe disability appears not to be founded by the
literature [86]. Based on the results of several different
series [2, 26, 40, 59, 61, 81, 89], the outcome following
DCE is very variable in the long term: mortality rate
ranges from 11% to 59%, a rate of “vegetative/severe
disability” was observed in 11-41%, and the rate of “re-
covery/moderate disability” was reported to be between
25% and 66%.

Polin et al. [89] report that most of their failures
consisted of heroic attempts to help patients recover
from injuries from which they likely could not recover,
operating on patients without severe ICP elevation
whose poor neurologic states were likely secondary to
diffuse axonal injury, or operating on patients with a
GCS score of 3.

The reason for these conflicting results are the het-
erogeneous character of the patient population, the dif-
ferent indications and starting points for treatment, as
well as different surgical procedures. Larger studies em-
ploying standardized protocols for neurosurgical inter-
vention are clearly warranted.

Conclusion

The effect of DCE on outcome has not been established.
There is, however, evidence that the operation does favor-
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ably influence ICP, intracranial volume and midline shift
and basal cisterns as a surrogate endpoint [50, 81, 122].

The guidelines established by the American Asso-
ciation of Neurological Surgeons (AANS) [15] name
DCE as the last of the second-tier therapeutic options.
However, among second-tier measures, DCE leads to
the fastest relief by immediate reduction of intracranial
hypertension and has the lowest rate of complications
(systemic side effects) as compared to other medical op-
tions, notably barbiturates and hypothermia [18, 93, 94].
Moreover, the procedure is simple and safe. In our opin-
ion, DCE should therefore be the firstamong second-tier
therapeutic options rather than the last one.

DCE is currently being applied in the management
of TBI with a wide range of outcomes reported in the
literature. The fact that there are several series in the
literature which are supportive of DCE, with evidence
that the operation does reduce ICP and that ICP is re-
lated to outcome, strongly supports proceeding with
randomized studies.

Proof of a beneficial effect of DCE on outcome may
only be obtained with prospective randomized trials.
Such a study should not only consider the indication for
DCE but also the time point and the technique with re-
gard to the dimensions of the hemi- and bifrontal crani-
ectomies. Currently, such a multicenter study is being
planned (RESCUE-ICP, http://rescueicp.com).

Overall Conlusion
Because of the lack of class I und class II studies, there
are no standards nor guidelines concerning
e the indication for CT scanning in patients suffering

from MTBI,

e the surgical management of acute epidural hemato-
mas, acute subdural hematomas, traumatic parenchy-
mal lesions, posterior fossa mass lesions, as well as
depressed skull fractures.

Therefore most recommendations are based on expert

opinion and clinical experience, and satisfy criteria for

so-called Class 11 recommendations or practice Options
only.

Therefore, the general conclusions and recommen-
dations created by the Brain Trauma Foundation [15]
(evidence-based, where available) and the EBIC [72]
(consensus- and expert opinion-based) are very similar.

Even if they do not meet class I or II standards,
treatment protocols serve an important purpose, be-
cause they may improve management of TBI patients
by promoting uniform decision-making.
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