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Delayed bilateral craniectomy for treatment
of traumatic brain swelling in children: case
report and review of the literature

Abstract Introduction: Head injury
is the leading cause of accidental
death in children. Recent reports have
shown the benefit of decompressive
craniectomy in children and the role
of early timing has been emphasized.
However, there is still a lack of data to
determine the optimal time for per-
forming craniectomy. Case report:
In contrast to most reports in the
literature, this case report demon-
strates successful bilateral decom-
pressive craniectomy in a 10-year-old
girl with multiple posttraumatic in-
tracranial lesions and massive trau-
matic brain swelling on the 8th

posttraumatic day. Conclusions:
Various pathophysiological mecha-
nisms in the genesis of posttraumatic
brain swelling make different treat-
ment strategies necessary. Continuous
monitoring of intracranial pressure
(ICP), as well as serial cranial com-
puted tomography (CCT), can help to
differentiate between these mecha-
nisms. Furthermore, repeated clinical
and neurophysiological investigations
are important for the timing of
craniectomy.

Keywords Craniectomy - Head
injury - Children

Introduction

Head injury is the leading cause of accidental death in chil-
dren [14], and severe head injury is estimated to occur in
approximately 5% of all children with head injury [22].
Children surviving primary brain damage are particularly in
danger of developing secondary brain damage due to raised
intracranial pressure (ICP). Despite various conservative
management strategies such as osmodiuretics, hypother-
mia, barbiturates, hyperventilation, free-radical scavengers,
or ventriculostomy, ICP does not always respond ; thus,
decompressive craniectomy is the ultimate therapeutic ap-
proach. Recent reports have shown the benefit of decom-
pressive craniectomy in children [12, 15, 29], and the role of
early timing has been emphasized. However, there is still a
lack of data to determine the optimal time for performing
craniectomy.

This report is about progressive posttraumatic brain
swelling with a subsequent rise in ICP that was resistant
to conservative treatment (osmodiuretics, mild hyperven-
tilation, barbiturates). Therefore, we performed a bilateral

craniectomy on the 8th posttraumatic day to establish suf-
ficient cerebral blood flow in both cerebral hemispheres
and to decompress the midbrain and brainstem. Postoper-
ative ICP values were within normal limits.

Case report

An initially comatose 10-year-old girl was admitted to the
Department of Neurosurgery, University of Cologne, 1 h
after a car accident with bilateral dilated and fixed pupils
(Glasgow Coma Score = 3). Initial cranial computed to-
mography (CCT) showed an acute subdural hematoma
with shift of the midline structures to the opposite side
(Fig. 1). Evacuation of the hematoma was performed via a
small craniectomy 150 min after the trauma, and an intra-
parenchymatous pressure probe (Codman) was placed into
the right frontal lobe. Immediately after the operation,
pupils returned to normal size and were reactive to light.
ICP values ranged between 4 and 6 mmHg.
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Fig. 1 a Initial cranial computed tomography (CCT) showing an
acute subdural hematoma with midline shift. b Postoperative CCT
demonstrating hematoma evacuation and regression of the midline
shift. ¢ Control CCT due to therapy-resistant rise in ICP on the 8th
day after the trauma, showing diffuse generalized brain edema. d
CCT scan 2 days after surgery demonstrating the extent of the
bilateral decompressive craniectomy and showing sufficient decom-
pression of both cerebral hemispheres.

Electrophysiological evaluations on the first posttraumatic
day revealed a cortical amplitude depression of the sensory
evoked potential of the nervus medianus on the right side, as
well as a transduction impairment of the acoustic evoked
potential on the left. In blink reflex recordings, the oligo-
synaptic component R1 and the polysynaptically-mediated
components R2 and R2’ were abolished. Analysis of gla-
bella reflex recordings revealed a normal R1 component
on both sides, whereas the component R2 was missing due
to the use of midazolam and fentanyl for analgosedation.
The masseter reflex was lost on the left side and showed a
marked latency increase on the right side. These findings
indicated a lesion of the right cerebral cortex, as well as
bilateral brainstem dysfunction.

Follow-up CCT on day 1 revealed evacuation of the
hematoma and regression of the midline shift (Fig. 1). On
day 3, ICP values started to rise despite conservative ther-
apy, and CCT showed progressive diffuse brain swelling.

On day 8, ICP increased to above 60 mmHg, and was
resistant to conservative measures, and CCT showed a
massive bilateral brain edema with compression of the

ventricular system (Fig. 1). As neurophysiological re-
evaluation showed no further impairment of brainstem
function, we immediately performed a bilateral fronto-tem-
poral decompressive craniectomy (13x9 cm) and an addi-
tional dura enlargement with periost on the right and with a
synthetic dura substitute (Neuropatch; Aesculap, Tuttlin-
gen, Germany) on the left side (Fig. 1). ICP values dropped
immediately after decompression to normal values, and
after a prolonged weaning phase, the patient was extubated
on day 21. Neurological and neuropsychological examina-
tion showed severe spastic hemiparesis on the left, reduced
vigilance, and an impairment in processing visual informa-
tion. Therefore, neurological rehabilitation therapy was
started 40 days after the trauma. After 3 months of con-
tinuous physio- and ergotherapeutic training, the patient
was able to stand and walk alone. Attention deficits, as well
as deficits in writing and analyzing visual information
were improved by neuropsychological training, and after
6 months, the patient was able to reattend school. The 2-
year follow-up examination showed a socially completely
integrated child with no sensomotor deficit (Glasgow Out-
come Score = 5).

Review of previous case reports

The vast majority of reports on decompressive craniec-
tomies refer to adults. Reports on children are rare and are
summarized in this section and in Table 1.

Dam Hieu et al. [12] reported the successful treatment
of two children with acute posttraumatic intracranial hy-
pertension by unilateral craniectomy within 12 h of the
trauma. Both children had developed fixed and dilated
pupils prior to decompression, which were unresponsive to
mannitol infusion. In their opinion, craniectomy can be
used as a salvage procedure in children with uncontrol-
lable and rapidly worsening intracranial hypertension when
performed within hours of the trauma.

Hejazi et al. [15] described seven cases of unilateral
decompressive craniectomy performed within 55 min of
the trauma, with complete neurological recovery. They
concluded that craniectomy performed within the first 6
posttraumatic hours reduces mortality and improves out-
come. Craniectomy later than 6 h can be life-saving but
does not improve the neurological outcome.

Taylor et al. [29] performed the only randomized trial
on this topic. Children who had sustained intracranial
hypertension during the 1st day after admission or showed
cerebral herniation were randomized to conventional med-
ical management or decompressive craniectomy plus con-
ventional medical management. Only 2 (14%) of the 14
children in the control group had a favorable outcome,
whereas 12 patients (86%) had an unfavorable outcome.
Seven (54%) of the 13 children in the decompressive
group had a favorable and 6 (46%) had an unfavorable
outcome (two-tailed Fisher’s exact test p=0.046; the p value
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Table 1 Review of reports on craniectomy for head injury in children. CCT cranial computed tomography

Reference Number Time until operation

Conservative treatment

Favorable
outcome (%)

Type of operation

[12] 2 12h Mannitol Unilateral decompres- 100
sive craniectomy

[15] 7 55 min No Unilateral decompres- 100
sive craniectomy

[29] 13 6h No Bitemporal 54
craniectomy

[17] 4  Depended on neurological deterioration Ventricular puncture, hyperventilation, Unknown 75

mannitol, dexamethasone
[31] 7 6 h (5 patients), depended on cerebral Mannitol (5 patients) Bilateral decompres- 14

swelling in CCT (2 patients)

sive craniectomy

required for significance following repeated significance
testing was <0.0221) [20].

Kjellberg and Prieto [17] reported 4 pediatric cases
treated via bifrontal craniectomy. Postoperatively, only 1
child suffered from severe neurological dysfunction.

Venes and Collins [31] treated 7 children via craniec-
tomy with less promising results: only 1 child recovered
without deficits, 5 children had permanent neurological
disturbances, and 1 child died.

Discussion

In adults, bilateral craniectomy is considered to be an
appropriate procedure for controlling intracranial hyper-
tension that is resistant to conservative treatment, resulting
in a positive effect on both ICP levels and overall outcome
[24]. This procedure disrupts the cascade of events that
links primary to secondary brain damage by rebalancing
the cerebral inflow—outflow regulation and by reducing the
transmural pressure at the capillary bed. This results in a
regression of blood congestion, a reduction in edema
formation, and an increase in edema absorption [25].

The different physiological and pathophysiolgical con-
ditions of an immature brain have to be considered for the
indication for craniectomy to treat posttraumatic brain
swelling in children. Brain water content in the pediatric
population is higher than in adults [1], and the immature
blood-brain barrier is much more vulnerable to injury
from cerebral ischemia [10, 13]. These may be reasons
for rapid and diffuse posttraumatic swelling, which is
more common in children than in adults. Its incidence in
children is nearly double that in adults and is associated
with a high mortality rate.

Different pathophysiological processes, triggered by the
size of the initial blood flow immediately after the trauma,
contribute to the type of brain edema. One group shows
almost normal blood flow values, and brain edema is mainly
caused by hyperemia and vascular congestion. The other
group shows low cerebral blood flow, reflecting ongoing

ischemia and development of a cytotoxic brain edema due
to insufficient oxygen supply. These two patterns of ce-
rebral blood flow early after the trauma can be identified
on initial CCT [32]. Clinical course and treatment strategies
differ fundamentally in these two groups. Therefore, con-
servative treatment options, as well as the timing of the
craniectomy, should be performed according to the basic
pathophysiological process [2, 26].

In the immediate posttraumatic period, cerebral autoreg-
ulation can be lost and can lead to profound cerebral
hyperemia and vascular congestion. Initial CCT scans show
a hyperdense brain due to the increased cerebral blood
volume, which is responsible for a rise in ICP, as supported
by experimental and clinical studies [4, 6]. As CO, re-
sponsivity is often preserved in the absence of pressure
autoregulation hyperventilation is the most effective con-
servative measure [9] to control ICP. If these children
develop a loss of CO, responsivity, cerebral blood flow will
rise excessively over the next few days. The prolonged loss
of CO, responsivity is considered to be a severe sign [23],
followed by an increase in ICP. Morbidity among this group
is high because it is difficult to control ICP using con-
servative treatment modalities [18, 19]. Cerebral vessels do
not respond to hypocapnia, and mannitol does not act
against the basic pathophysiology, but can elevate ICP due
to an increase in cerebral blood volume. As these patho-
physiological events usually develop between the 3rd and
Sth posttraumatic day, /ate decompressive craniectomy may
be indicated to maintain adequate cerebral blood flow. As
the CCT in our case showed a swollen and hyperdense brain
on the 8th posttraumatic day (Fig. 1), we explained the rise
in ICP by an increase in cerebral blood volume and,
therefore, performed bilateral craniectomy.

On the other hand, if early ischemia and hypoxia occurs,
the time course of brain swelling will be different. Low
brain density on the initial CCT suggests a lack of blood in
the brain. The rise in ICP is typical, but difficult to control
due to an increase in cerebral water content [16] caused by
the cytotoxic brain edema. Cerebral blood flow in these
patients remains low, and mortality is high despite maxi-
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mal conservative treatment. The best conservative therapy
would be the use of barbiturates, which decrease the ce-
rebral metabolic rate and permit a degree of ischemia with-
out cellular damage. These children seem to be the best
candidates for early decompressive craniectomy within
hours of the trauma to normalize ICP in order to restitute
adequate cerebral blood flow and to prevent the cascade of
events that leads to further cytotoxic swelling.

In addition to these mechanisms, further pathophysiolo-
gical events lead to a breakdown of the blood-brain barrier
and to the development of a vasogenic brain edema with
increased water content, especially in the white matter. In
general, blood—brain barrier disruption reaches its maxi-
mum during the first few hours after an injury and can be
promoted by secondary insults like hypoxia and ischemia
[28]. Other inflammatory factors that occur after traumatic
brain injury, like complement activation [8], formation of
free radicals [11], nitric oxide [27], and cytokines [3], may
also contribute to the genesis of blood—brain barrier break-
down. In these cases, serial CCT investigations show a pro-
gressive loss of gray to white matter differentiation. A rise
in ICP due to vasogenic brain edema should be treated using
hyperoncotic solutions like mannitol, but mannitol is less
effective in children than in adults as this agent had been
found to increase cerebral blood flow in the pediatric
population [21].

Our literature review revealed 33 cases of posttraumatic
craniectomy in children. In 27 cases (82%), operation was
performed within 6 h of the trauma. In 22 patients (67%),
no conservative treatment had been attempted. Outcome
was favorable in 12 patients (36%), and 8 patients (24%)
recovered completely (Table 1).

The selection of patients and the determination of the
ideal time point for craniectomy are still debatable. The
answer should be individualized for each patient and can
only be given by continuous monitoring of ICP and ce-
rebral perfusion pressure (CPP), as well as by serial clin-
ical, neurophysiological, and radiographic examinations.
Additional monitoring techniques like online measurement
of brain tissue partial pressure of oxygen (P;O,) would be
desirable as oxygen supply of the brain is the critical issue
in secondary damage. Bardt et al. [5] observed that fre-
quent episodes of brain hypoxia (P;O,<10 mmHg) corre-

lated with death and poor neurological outcome. They
suggested that P;O, monitoring is more sensitive than
saturation of jugular venous oxygen and, thus, should be
the method of choice in monitoring cerebral oxygenation
after traumatic brain injury. Van Santbrink et al. [30] dem-
onstrated that P;O, values <5 mmHg within 24 h of the
trauma negatively correlated with outcome and concluded
that P;O, monitoring is a safe and clinically applicable
method in patients with severe head injury.

Therefore, additional monitoring of brain tissue P;O,
indicates whether a rise in cerebral blood flow satisfies
the higher oxygen demand of the traumatized brain or is
caused by the loss of cerebral autoregulation with little
effect on cerebral tissue oxygenation. When P;O, values
indicate adequate brain oxygen supply, children can be
treated conservatively, despite a rise in ICP, as adequate
brain oxygenation seems to be much more important than
absolute ICP values [7]. On the other hand, initial low
P;0, values indicate that the brain is ischemic and that an
impending cytotoxic brain edema may lead to a rise in ICP
and a further reduction in cerebral oxygen supply. Thus,
early craniectomy may be necessary to restore adequate
cerebral blood flow in those cases.

Conclusion

Different pathophysiological mechanisms in the genesis of
posttraumatic brain swelling require different treatment
strategies. Continuous ICP monitoring and serial CCT
scanning are important and routinely available techniques
for the differentiation between these mechanisms and, in
consequence, indicate the appropriate therapy. Further-
more, clinical and neurophysiological investigations can
help in timing craniectomy. For exact timing, additional
online monitoring techniques like continuous P;0, moni-
toring may help to identify prolonged periods of compro-
mised cerebral oxygen extraction. However, it has to be
considered that threshold values for P;O, have so far been
defined only for the adult population. Further studies are
necessary to evaluate the benefit of continuous P;O, mon-
itoring in timing decompressive craniectomy in children.
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