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Abstract Craniectomy is a valuable technique in the

management of evacuatable mass lesions and elevated

intracranial pressure (ICP). This review will examine the

indications for and benefits of craniectomy in patients with

traumatic brain injury (TBI). Recent data have questioned

the utility of surgical decompression in the management of

refractory intracranial hypertension; however, decompres-

sive craniectomy (DC) remains a common practice at many

trauma centers. Recent data have also questioned the use of

invasive ICP monitors. However, despite this study, ICP

monitors are standard of care in most major centers. Fur-

ther research is needed before abandoning decompression

for refractory elevated ICP or invasive ICP monitoring.

While most patients with TBI are managed non-opera-

tively, many patients do require decompression for

refractory elevated ICP or evacuatable mass lesions. Cur-

rent guidelines help direct patient selection for DC, and

specific indications for DC vary by the type of intracranial

hemorrhage. DC can be lifesaving in patients with severe

or progressive intracranial hemorrhage.
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Introduction

Traumatic brain injury (TBI) is a common cause of pre-

ventable death, especially in the younger patient population.

Craniectomy remains a mainstay of care in patients with

evacuatable mass lesions. Often the mass lesion is evacuated

and the cranium is not replaced due to cerebral edema, similar

to a damage control laparotomy in which the abdomen is ‘‘left

open’’ to prevent the development of abdominal compartment

syndrome (ACS). Decompressive craniectomy (DC) for

malignant intracranial hypertension can be a lifesaving oper-

ation, and can prevent mortality in patients in whom medical

therapy is ineffective, similar to a decompressive laparotomy

for elevated intraabdominal pressure and ACS. This review

will elucidate how craniotomy and DC are used in modern

management of TBI, and discuss recent developments in their

use.

Epidemiology of Traumatic Brain Injury

TBI occurs over a spectrum of injury severity, with TBI

ranging from a mild concussion requiring only outpatient

treatment to devastating intracranial hemorrhage (ICH) with

subsequent mortality. While most patients with a TBI do not

require hospital admission, approximately 250,000 patients

are hospitalized annually, with 53,000 subsequent deaths [1,

2]. Long-term disability in patients with TBI is a significant

problem in those who survive [3]. With the worldwide

incidence of TBI increasing, the personal impact, resource

utilization, and costs associated with TBI are noteworthy [4].
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Overview of Traumatic Brain Injury Management

Management of TBI encompasses both medical and sur-

gical interventions, and patients with severe TBI often

undergo both medical and surgical management concur-

rently. Medical management of TBI focuses on maintain-

ing intracranial pressure (ICP) below 20 mmHg while

optimizing cerebral blood flow (CBF) [5]. ICP manage-

ment has been shown to be associated with functional

outcomes, and thus tight ICP control remains a mainstay of

TBI care [6]. Hyperosmolar therapy, head of bed elevation,

pain control, appropriate sedation, temperature control, and

barbiturate comas are all utilized to maintain an appropri-

ate ICP [7, 8]. Cerebrospinal fluid (CSF) can be drained to

decrease ICP. CBF can be decreased to minimize

intracranial contents, although care must be taken to

maintain mean arterial pressure (MAP). ICP is also influ-

enced by intraabdominal and intrathoracic pressure through

multiple compartment syndrome (MCS). Treatment of ICP

should not only focus on the intracranial contents, but on

the body as a collection of interconnected compartments

[9].

Invasive ICP monitoring is an important aspect of TBI

management. ICP measurements are used to guide man-

agement of cerebral edema. Performance of surgical

decompression is based off these ICP measurements in

patients with intractable elevated ICP. The need for ICP

monitoring in TBI has become a recently controversial

topic, with literature published asserting that invasive ICP

monitoring does not have a beneficial effect on functional

outcomes or mortality [10•]. However, this data conflict

with previous literature which found a survival benefit with

ICP monitoring [11], and ICP monitoring continues to be

frequently used to guide TBI management in most major

medical centers.

Decompressive Craniectomy

Many patients with severe TBI meet criteria for decom-

pression on presentation, and thus undergo operative

intervention. Those patients that do not meet criteria ini-

tially for craniotomy or craniectomy should be reevaluated

with any changes in clinical exam, progression of ICH, or

failure of medical ICP management. Medical management

of ICP targets decreasing cerebral tissue edema, arterial

blood volume, venous blood volume, and CSF volume

given the fixed volume of the cerebral vault. Unlike other

body cavities such as the abdominal cavity, the skull can-

not expand to increase the cerebral vault volume when the

brain swells or an ICH is present. When the brain swells to

a size larger than the space available in the cranial vault,

herniation ensues. Medical management may not be

sufficient for severe ICH, and elevated ICP may persist

despite maximal medical management. Operative decom-

pression may be indicated in these circumstances.

To perform a craniectomy for anterior and middle fossa

pathology, the patient is placed either supine or lateral,

depending on their cervical spine clearance. The patient’s

head is elevated to maximize venous outflow, as intraop-

erative brain swelling is a serious consideration. A curved

incision is made from anterior to the tragus to beyond the

anterior hairline and clips are applied to the cut scalp edges

for hemostasis. The temporalis muscle is reflected with the

scalp, and multiple burr holes are created in the skull to

allow elevation of the skull off of the underlying dura

(Fig. 1). The dura is then opened to expose the underlying

ICH and brain, and the intracranial blood is evacuated

(Fig. 2). A dural pouch can be created with a substitute

material, and the scalp closed over the dural pouch [12]. In

a craniotomy the bone flap is replaced, while in a

craniectomy the bone flap is left off at the procedure

completion.

In contrast to the craniectomy used for anterior com-

partment ICH, the operation of choice in posterior fossa

ICH is a suboccipital decompression. Herniation upwards

and downwards can both occur with posterior fossa

bleeding. Compression of the brainstem, given its prox-

imity to the posterior fossa, is another known complication

of posterior fossa ICH. Patients who decompensate may

have hydrocephalus with obstruction of the usual CSF

circulation. Upwards herniation with CSF drainage must be

guarded against, and it is recommended not to drain CSF

until after decompression. Either a lateral or a medial

suboccipital decompression can be performed, depending

on the distribution of the ICH, with the latter option

opening the foramen magnum and C1 arch as well [13].

Fig. 1 Removing the flap of bone off of the underlying dura
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Surgical decompression has two mechanisms of benefit

in TBI. Foremost, evacuatable mass lesions are removed

from the cranial vault during craniectomy, improving the

space available into which the brain can swell. Second, at

the completion of a craniectomy, the flap of skull can be

left unattached, again creating increased volume into which

the brain can swell similar in concept to leaving the

abdomen open with a temporary abdominal closure to

prevent ACS (Fig. 3). Both microvascular and macrovas-

cular circulation improve after decompression of the cra-

nial vault [14, 15]. Tissue oxygen delivery improves as

well with improvement in CBF. In a study of patients with

TBI, decreased tissue oxygen levels noted prior to

decompression recovered after surgery [16]. Clinically, a

decrease in ICP to below 20 mmHg is seen in 85 % of

patients with elevated ICP, with a mean decrease in ICP of

over 9 mmHg, after undergoing DC [17••].

When the bone flap is left off after decompression, care

must be taken to not further traumatize the brain as the

protective skull is no longer overlying. Care should be

taken not to put pressure on that area where the craniec-

tomy was performed, either through the patient’s head

resting on that side or with direct pressure. In patients who

have recovered from their TBI, a specialized helmet should

be used to protect their brain when they are more mobile

and are out of bed. In those patients who survive, cranio-

plasty can be performed months later to reconstruct the

cranial vault.

Craniectomy in the Anterior and Middle Fossae

Craniectomy in trauma is most often performed for evac-

uatable mass lesions of the anterior and middle cranial

fossae. Generally, evacuatable mass lesions include sub-

dural hematomas (SDH), epidural hematomas (EDH), and

intraparenchymal bleeds. Subarachnoid hemorrhages

(SAH) are not often treated with a craniectomy, as SAH is

a more diffuse process. However, SAH can occur concur-

rently with cerebral edema, which may necessitate

decompression if medical therapy is ineffective. ICH can

occupy a significant volume of the cerebral vault, and can

compress the underlying brain, leading to herniation in the

most severe TBI cases.

Computerized tomography (CT) scanning is the best

imaging modality for the initial diagnosis of TBI and for

following ICH serially over time. Intravenous contrast is

not required for initial TBI imaging, and intravenous

contrast will actually obstruct visualization of the ICH.

Magnetic resonance imaging (MRI) is not the primary test

for ICH given the increased time required to perform the

MRI and more limited accessibility when compared with

CT.

Epidural Hematoma

Operative intervention in EDH depends on both radiologic

imaging and clinical exam. On CT images, volume of EDH

greater than 30 cc3 is an indication for evacuation. How-

ever, with an EDH volume less than 30 cc3, the decision to

perform a decompression becomes more complex. If there

is\5 mm of midline shift and the thickness of the EDH is

\15 mm, the patient can be observed with serial CT

imaging and serial clinical exams. However, to qualify for

observation, the patient’s Glasgow Coma Scale (GCS)

Fig. 2 Incising the dura to reveal the underlying brain and intracra-

nial hemorrhage (ICH)

Fig. 3 Computerized tomography (CT) image from a patient after a

craniectomy for a subdural hematoma (SDH), with the bone flap

absent from the right side of the skull
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score must be greater than 8 and the patient cannot have

focal neurologic deficits. Patients with EDH should be

transferred to a center with neurosurgery capabilities in

case they require operative intervention, as outcomes are

related to the operative time delay after neurologic deficits

appear [18]. Patients with EDH can rapidly decline given

the arterial source of the bleeding, and should be closely

monitored with frequent neurologic exams.

At our institution, our usual protocol for patients with

TBI is to repeat their CT imaging at 6 and 24 h post-

diagnosis. However, in patients with EDH that do not meet

criteria for evacuation, we often rescan at 4 h following the

initial diagnosis rather than the usual 6 h, and will often

scan again at 12 h rather than waiting 24 h if there is any

concern. This more frequent use of CT may help identify

earlier any progression in the EDH and identify those who

will fail non-operative management.

Subdural Hematoma

Operative indications in SDH (Fig. 4), much like in EDH,

rely on both radiographic findings and the clinical exam;

however, ICP monitoring plays a role in the decompression

algorithm for SDH. Volume of the ICH is not a factor for

SDH as it is for EDH. In patients with more than a 5 mm

midline shift or with 10 mm of SDH depth, decompression

should be performed irrespective of the patient’s GCS.

However, if the patient’s GCS is decreased at 8 or lower,

and the patient has lateralizing pupillary signs or a drop in

GCS of at least 2 points, they should undergo craniotomy

or craniectomy even if they do not meet the above radio-

graphic criteria for evacuation. An ICP monitor should be

placed for a GCS of 8 or lower in those not initially

undergoing surgical evacuation [19] and craniotomy

undertaken if the ICP remains elevated.

Multiple techniques have been described for evacuation

of SDHs, including subdural drain placement alone, Burr

hole creation, craniotomy, and craniectomy. However,

much of the literature on ICH does not investigate which

operation is the most efficacious surgical intervention, and

may not even delineate the operation used, making it dif-

ficult to draw conclusions [19]. In the absence of high

quality trials comparing surgical techniques in SDH, our

institution utilizes both Burr holes and craniotomy or

craniectomy for SDH depending on the patient’s clinical

status, as well as the anatomy and chronicity of the SDH.

Intraparenchymal Bleeding

Indications for surgical evacuation in patients with intra-

parenchymal bleeding are different from the indications with

SHD and EDH. In patients with intraparenchymal bleeding,

those without neurologic exam abnormalities, without

compression on CT, and with non-elevated ICP can be

observed. If any of these criteria are notmet, the patient should

undergo evacuation. Decompression may be indicated based

on CT findings as well, as patients with intraparenchymal

bleeding with a volume greater than 50 cc3 should undergo

evacuation. Patients with intraparenchymal bleeding with a

volume greater than 20 cc3, in conjunction with over 5 mmof

midline shift or cistern compression on the CT, should

undergo evacuation if the patient’s GCS is\8 [20].

Craniotomy in the Posterior Fossa

Evacuation for posterior fossa hemorrhage is a more

complicated proposition than for anterior lesions, for which

a standard trauma DC can be performed. Clinically, pos-

terior fossa ICH also brings certain unique difficulties when

Fig. 4 CT images from a large subdural hematoma (SDH) with

midline shift (a) and post-operative changes of a craniotomy with

replacement of the bone flap on the left side of the skull (b). Margins

of the craniotomy bone flap are delineated by the white arrows
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compared with the anterior and middle fossae ICH. Pos-

terior fossa ICH, given the small space of the posterior

fossa compared to the anterior/middle fossae, can produce

herniation with a smaller volume ICH. Additionally,

measurement of posterior fossa pressure may be difficult as

ICP monitors are placed into the ventricle in the anterior/

middle fossae.

Unlike in SDH, EDH, and intraparenchymal bleeding

where ICH size on CT plays a significant role in deter-

mining the need for DC, size of posterior fossa ICH is not a

consideration in the evaluation for evacuation. After a

posterior fossa bleed is diagnosed, direct, or indirect

radiographic signs of mass effect are evaluated. These

signs of mass effect include: compression of the basal

cisterns, compression of the 4th ventricle, or hydro-

cephalus. Mass effect on CT imaging, with any GCS on

clinical exam, is an indication for decompression. Patients

who have a neurologic deficit, regardless of the presence or

absence of mass effect on CT, should undergo evacuation.

Patients without any neurologic abnormality or CT evi-

dence of mass effect can be observed [21].

Use of DC for Intractable Intracranial
Hypertension

Use of surgical decompression for elevated ICP refractory

to medical management is a recently controversial topic.

DC is a common practice in most high-volume trauma

centers for patients with intractable elevated ICP despite

maximal medical therapy, as good functional outcomes in a

significant number of patients undergoing DC for refrac-

tory intracranial hypertension have been reported [17••].

However, the recently published DECRA trial reported

worse mortality for patients undergoing DC for elevated

ICP, and has brought the use of decompression into ques-

tion for this specific diagnosis [22••]. Given the significant

limitations of the DECRA trial, including the use of a

bifrontal surgical approach, which is not the standard

approach to a trauma decompression, as well as differences

in lateralizing signs between the craniectomy and non-

craniectomy groups, most major institutions continue to

utilize surgical DC for refractory ICP until more definitive

and generalizable data are published.

At our institution, we use DC for refractory intracranial

hypertension in lieu of pentobarbital coma. DC for

refractory ICP is used when patient positioning, hyperos-

molar therapy, sedation, pain control, temperature control,

blood pressure control, and ICP drainage have been max-

imized with a persistent ICP of[20 mmHg. When DC is

used for intractable intracranial hypertension, the bone flap

is left off at the completion of the decompression to allow

the brain to swell outside the previous volume of the skull.

However, ICP is not just influenced by the intracranial

contents, as the body is a series of interconnected com-

partments. Both intrathoracic pressure and intraabdominal

pressure can elevate ICP. Care must be taken when

selecting ventilator settings to limit pressure as possible.

Intraabdominal pressure should be monitored, with

decompressive laparotomy in patients with concurrent

elevated ICP and intraabdominal hypertension [9].

Craniectomy Versus Craniotomy

At the completion of the decompression, a decision must

be made about whether to replace the bone flap in a

decompressive craniotomy, or to leave the bone flap off in

a DC. Replacing the bone flap recreates the cranial vault,

and makes the volume of the cranial vault the same as

before the decompression. When the bone flap is replaced,

there is no extra room for the brain to swell. In patients

with intractable ICP, a craniectomy is performed allow the

brain maximal room to swell. If the decompression is

performed for an evacuatable mass lesion, such as a SDH

or an EDH, the decision to replace the bone flap is based on

the amount of brain swelling seen in the operating room. If

there is a large amount of swelling, then the bone flap is left

off. Otherwise, if there is not significant brain swelling, the

bone flap is replaced. When a craniectomy is performed,

patients require a subsequent cranioplasty, which has its

own complications [23•]. Craniectomy is thus avoided for

evacuatable mass lesions if possible.

Outcomes

Complications after DC are frequent, with an overall rate

of 13.4 %. ICH is a common complication, with a rate of

12 %, highlighting the importance of a post-decompression

CT scan. These ICHs can be at the operative site or remote

to the operative site, and can require reintervention.

Infectious complications occur in 6.9 %, and care is taken

to preserve the superficial temporal artery to optimize

wound healing. Infectious complications can also include

abscess, empyema, meningitis, and ventriculitis. CSF flow

can also be altered, and hydrocephalus, hygroma, or CSF

leak occurs in 18 % [23•].

Individual outcomes can be excellent after DC for

evacuatable mass lesions, especially when considering the

critical state of many patients with ICH. The rate of a good

functional recovery is 35 % after decompression for ICH.

While the mortality rate overall is 40 % in those under-

going decompression, and the rate of severe disability or

vegetative state is 20 %, a significant percentage of

patients achieve a good functional outcome [24].
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At our institution, we have also seen excellent clinical

results after DC for refractory ICP. The rate of a Glasgow

outcome score (GOS) of 4–5 is 40 % in patients under-

going DC for elevated ICP. Good functional outcomes

even occurred in patients with an initial post-resuscitation

GCS ranging from 3 to 5. However, similarly to patients

undergoing DC for evacuatable mass lesions, there is a

significant rate of mortality and severe disability after DC;

the mortality rate is 28 %, and the rate of severe disability

or vegetative state 32 % [17••]. The recent DECRA trial

has brought the use of DC into question in elevated ICP,

noting a worse GOS for DC patients compared with

patients not undergoing DC. There was a similar mortality

between DC and non-DC patients in the DECRA trial, and

future research will delineate the optimal therapy for

intractable elevated ICP [22••].

Craniectomy is avoided if possible given the significant

complication rate associated with cranioplasty. ICH occurs

in 3.6 %. Infectious complications occur in 6.0 %, and

include both the superficial and deep complications seen

with DC. CSF alterations occur in 5.4 % of cranioplasty

patients. A unique complication to cranioplasty is bone

resorption, which occurs in 9.5 % of patients [23•]. Bone

flap resorption can require revision cranioplasty with a

synthetic implant [25].

Post-Operative Care

Patients who undergo DC often have an ICP monitor

placed intraoperatively depending on clinical exam and

risk of cerebral edema. Despite removal of mass lesions

and craniectomy, ICP can still remain elevated post-op-

eratively. Further medical management of elevated ICP

may be required after DC. In our institution, immediate

post-operative CT scans are obtained after DC to establish

a post-operative baseline and to evaluate for any delayed

ICH or reaccumulation of the initial ICH. Persistent

cerebral edema and intracranial hypertension can still

remain significant problems after DC, and this cerebral

edema should be treated according to the algorithms

described above. Following craniectomy, at our institu-

tion, we usually allow for ICP up to 25 mmHg. Any

significant change in neurologic exam should similarly

prompt repeat CT imaging to evaluate for delayed ICH, as

continued bleeding and further cerebral edema are always

risks. Meningitis should be considered with any subse-

quent change in neurologic exam or systemic signs of

infection. Hygromas and hydrocephalus are complications

which present further in the hospital course [13]. Cran-

ioplasty should also be considered in those patients who

have undergone craniectomy.

Conclusions

Craniectomy is a valuable and potentially lifesaving opera-

tion for patients with evacuatable mass lesions given the

fixed volume of the skull, and may stave off herniation.

Decompression improves both CBF and tissue oxygenation.

Both anterior/middle fossae ICH and posterior fossa ICH can

undergo DC. EDH, SDH, and intraparenchymal bleeding

have separate indications for craniectomy utilization,

incorporating CT, and neurologic exam findings. Whether

craniectomy is done for evacuation of a mass lesion or for

pure decompression, surgical therapy should be used in

conjunction with medical management to optimize out-

comes. Post-operative care must guard against a variety of

early and late potential complications, cerebral edema,

cerebral hypoperfusion, and further ICH. Future research

should help to delineate the benefit of surgical decompres-

sion in ICP refractory to medical therapy, although currently

most institutions continue to utilize DC for this indication.
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