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Purpose: Posterior fossa epidural hematomas (PFEDH) are uncommon in children but usually require
timely surgical intervention due to the risk of life-threatening brainstem compression. We attempt to
make the surgical procedure less invasive by treating selected pediatric patients with trephination mini-
craniectomy.
Methods: We retrospectively reviewed the clinical courses, radiological findings, surgical procedures,
and prognoses of the pediatric patients who were treated in our departments for traumatic PFEDH from
January 2010 to January 2015.
Results: During this period, a total of 17 patients were surgically treated for PFEDH and 7 were managed
with trephination mini-craniectomy for hematoma evacuation. The outcomes were good in all 7 patients
as evaluated with Glasgow Outcome Score. There was no mortality in this series. The on average 30-
month clinical follow-up showed that patients experienced satisfactory recoveries without
complications.
Conclusion: Our results suggest that trephination mini-craniectomy is a safe surgical technique for
selected PFEDH patients with moderate hematoma volume and stabilized neurological functions.
However, standard craniectomy is recommend when there are rapid deteriorations in patients' neuro-
logical functions or the hematomas are large and exerted severe mass effects.
© 2017 Daping Hospital and the Research Institute of Surgery of the Third Military Medical University.
Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Epidural hematoma (EDH) represents a relatively uncommon
entity in neurosurgical departments, with its incidence in patients
with traumatic brain injury reported to be 2.7%e4%.1e4 In pediatric
population, traumatic EDH is estimated to represent 2%e5% of all
head injuries.5e7 Posterior fossa EDH (PFEDH) is even less common
as it only accounts for 1.2%e15% of all EDH,8e10 with a slightly
higher incidence in children as compared with other age groups.11

The diagnosis of EDH has become easier with the increased avail-
ability of computed tomography (CT) facilities.12 Although some
patients have been successfully treated with conservative
approach,5,13 most studies support timely management of PFEDH
Wang).
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by surgical intervention in children.5,7,14e17 For EDH, standard
craniotomy is routinely used to remove the hematomas.18 There are
also several reports on the successful applications of trephination
mini-craniectomy for evacuation/drainage of the hematomas in
adult patients under emergency setting.19e22 However, little evi-
dence is available regarding the feasibility of using trephination
mini-craniectomy for traumatic PFEDH in children.23,24 Therefore,
we attempted to evaluate its safety and efficacy by retrospectively
analyzing clinical data from pediatric patients who were surgically
treated for PFEDH in our department.
Materials and methods

A retrospective study was undertaken to identify all pediatric
patients who were surgically treated for the diagnosis of PFEDH
from January 2010 to January 2015 at Department of Neurosurgery,
Second Affiliated Hospital of Wenzhou Medical University. Only
patients with clear evidences of head trauma as the primary
ilitary Medical University. Production and hosting by Elsevier B.V. This is an open
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etiology were included in this study. While patients with hema-
tomas located at the clivus, tentorium, or PFEDH accompanied with
brain contusions at the cerebrum or brain stems were excluded.
Patients' demographic profiles, CT findings and clinical data (e.g.
causes of injury, surgical procedures, complications, hospital course
and clinical outcome) were collected. Consciousness level was
evaluated by Glasgow Coma Scale (GCS) at admission as well as
during and after treatment. CT findings assessed included hema-
toma volume, presence of fourth ventricle compression, hydro-
cephalus and obliteration of the peri-mesencephalic cistern,
presence and pattern of the skull fracture, and other associated
intracranial lesions.

The decision on whether standard craniectomy or trephination
mini-craniectomy was used was dependent on the CT findings as
well as clinical conditions. Specifically, criteria for surgical inter-
vention with standard craniectomy were as follows: hematoma
volume>30 mL or presence of severe mass effects like cerebellar
tonsillar herniation. Criteria for surgical intervention with trephi-
nation mini-craniectomy were as follows: hematoma volume be-
tween 10 mL and 30 mL, with mild mass effects (e.g. fourth
ventricle compression or displacement and/or obstructive ven-
triculomegaly) and stable neurological conditions. Clinical outcome
was evaluated by Glasgow Outcome Scale (GOS) at discharge and
flow-ups. Approval to conduct this study was obtained from the
Medical Ethics Committee of the Second Affiliated Hospital of
Wenzhou Medical University. Both patients' parents gave their
consent for the use of their children's medical and personal infor-
mation for the publication of this case report and any accompa-
nying images.

After general anesthesia, patient was placed in prone position
with all pressure points padded. A 5 cm straight paramedian sub-
occipital skin incision, followed by a trephination, was made in the
center of the hematoma projection on the skull according to pre-
operative CT images. Then the trephination hole was either used
Table 1
Summary of clinical characteristics of pediatric patients diagnosed with traumatic PFEDH

No Sex Age (yr) Cause of injury Symptoms

1 M 6 Fall Headache, vomiting
2 F 10 Fall Headache, nausea, vomiting
3 F 3 Motor vehicle accident Headache, dizziness, nausea
4 M 7 Fall Headache, vomiting
5 F 5 Fall Crying, vomiting
6 F 2 Fall Crying, vomiting
7 M 4 Fall Headache, nausea, vomiting

GCS ¼ Glasgow Coma Scale; GOS ¼ Glasgow Outcome Scale;
a on admission;
b after operation;
c between injury and operation;
d total hospital stay

Table 2
Characteristics of PFEDH and related surgical managements

No Hematoma

Mass effect Location

1 Ambient cistern and brain stem compression Left occipital
2 Ambient cistern and brain stem compression Left occipital, across the

transverse sinus
3 None Left and right occipital
4 Ambient cistern and brain stem compression Right occipital
5 Ambient cistern and brain stem compression Left occipital
6 Ambient cistern and brain stem compression Left occipital, across the

transverse sinus
7 None Left occipital
directly or enlarged with rongeur to create a mini-craniectomy of
about 2 cme3 cm in diameter. A silicon tube was then inserted into
the hematoma to aspirate the blood clot as thoroughly as possible
and was left in the epidural space for 1 day postoperatively to
provide complete drainage of any potential residual hematoma
under negative pressure. Wounds were closed in layers with
stitches on the scalp. Two trephination holes would be needed if
the hematomawas large. The operation took about 30mine50min.
Blood loss due to the operation was estimated to be around 50 mL.
All patients routinely underwent a cranial CT scan within 6 h
postoperatively to assess the completeness of hematoma
evacuation.

Results

A total of 17 patients who diagnosedwith PFEDHwere surgically
treated during the study period, and 7 were treated with trephi-
nation mini-craniectomy (Table 1 and 2). There were three males
and four females and with an average age of 5.3 years (2 yearse10
years). GCS was 13 on average (12e15) at admission and preoper-
ative hematoma volume was 19 cm3 on average (12 cm3- 30 cm3).
The time interval between injury and surgery was 24 h on average
(5 h- 72 h). Six patients had one trephination and one had two
trephinations. All hematomas were successfully evacuated ac-
cording to postoperative CT. In all 7 patients, GCS scores were
improved to 15 after surgery and symptoms such as headache,
nausea and vomiting, disappeared immediately after operation.
Postoperative pain due to the incision was very mild and was
managed with nonsteroidal anti-inflammatory drugs when
necessary. Patients were discharged 4 days on average after oper-
ation (3 dayse5 days) for rehabilitation. GOS scores were 5 on
discharge and clinical follow-ups, and no surgical related mortality,
complications or recurrence of PFEDHs were observed during the
on average 30 months' follow-up.
.

GCSa GCSb Time (h) c Time (d) d GOS Follow-up (mon)

15 15 20 3 5 20
15 15 24 4 5 27
12 15 6 5 5 48
12 15 24 3 5 22
12 15 72 4 5 28
12 15 18 5 5 24
15 15 5 3 5 36

Location of bone fracture Trephination Complications

Volume (cm3)

12 Left occipital 1 None
15 None 1 None

21 Occipital 1 None
30 Right occipital 1 None
22 Left occipital 1 None
20 Left occipital 2 None

14 None 1 None
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Case 1

A 6-year-old male patient complained about headache, nausea
and vomiting for 20 h after a fall from a height was referred to our
hospital. On admission, he was alert and conscious (GCS ¼ 15) and
physical examination revealed his pupillary size and reaction were
normal. Neurological exam revealed that no abnormalities and
cranial CT scan showed a left occipital bone fracture combined with
a left occipital PFEDH, 46.9 mm � 17.6 mm � 30 mm on the longest
axis, about 12mL in volume (Fig. 1A). The ambient cistern and brain
stem were compressed slightly but without middle line shift. With
a paramedian suboccipital 5 cm straight incision, a fracture in the
left occipital bone was identified and a trephination mini-
craniectomy (2 cm � 3 cm) was made below the transverse sinus,
over the center of hematoma projection on skull. The patient's
symptoms like headache and vomiting were relieved immediately
after surgery and the epidural draining tube was removed 1 day
after surgery. Postoperative CT scans showed the hematoma being
successfully evacuated (Fig. 1B). Three days after surgery, this pa-
tient was discharged with a GOS of 5.

Case 2

A 10-year-old female patient complained about headache,
nausea and vomiting for 1 day after a fall from a height was referred
to our hospital. On admission, she was alert and conscious
(GCS ¼ 15) and physical examination revealed normal pupillary
size and reaction, with no abnormal neurological sign. CT scans
revealed a left occipital PFEDH that extended across the transverse
sinus. The hematoma measured about 50 mm � 20 mm � 30 mm
on the longest axis, about 15 mL in volume (Fig. 1C). The ambient
cistern and brain stem were slightly compressed but without
middle line shift. A paramedian straight incision was made from
1 cm above the transverse sinus to the level of mandible (5 cm in
total). A trephination mini-craniectomy (2 cm � 2 cm) was made
below the transverse sinus. The patient's symptoms were relieved
immediately after surgery and postoperative CT showed the he-
matoma being largely removed (Fig. 1D). Four days after surgery,
this patient was discharged with a GOS of 5.

Discussion

Traumatic PFEDH is an uncommon entity in pediatric patients
with head trauma and, despite improved identification by widely
available CT facilities, there are few reports in the past decades on
surgical treatments of PFEDH in children.9,10,25e39 Our hospital is a
large pediatric trauma center with approximately 600 pediatric
Fig. 1. Preoperative (A) and postoperative (B) CT scans showed that a left occipital epidura
surgery. Preoperative (C) and postoperative (D) CT scans showed that a left occipital epidura
surgery.
cases of head trauma treated annually. Among them, 9.3% are EDH
and traumatic PFEDHs account for 1.5%. EDH usually requires
emergent hematoma evacuation to prevent potential morbidity or
even death by increased intracranial pressures. PFEDH could be of
particular danger due to direct brain stem compression.15 Occipital
bone fractures are quite common (80%) in pediatric PFEDHs5,13 and
PFEDHs are more likely to have a venous origin (venous sinus,
venous vessels or diploic veins in bone) by bone fractures than
arterial origin.40 Hydrocephalus or ventricular dilation is uncom-
mon in pediatric PFEDHs and its presence might indicate the ex-
istence of severe mass effect in the posterior fossa and thus usually
associate with poor prognosis.5,13 We presented here the clinical
data on the successful application of trephination mini-
craniectomy in 7 pediatric patients. The surgical procedures were
fast and simple and satisfactory clinical outcomes were achieved.

Craniectomy has been proposed as the standard surgical man-
agement for symptomatic EDH patients,41 while several reports
suggested trephination (burr hole) mini-craniectomy could be
applied in EDH patients whose clinical conditions were relatively
mild.42e44 However, there is no consensus on the surgical in-
dications for PFEDH in pediatric patients.45 Previous studies have
suggested that surgery should be considered when hematoma
volume >10 mL, thickness >15 mm, midline shift >5 mm, obliter-
ation of perimesencephalic cisterns, displacement of the fourth
ventricle or the presence of hydrocephalus.7,16,17,46 Lately, Prasad
et al.13 suggested a PFEDH volume >20 mL and/or fourth-ventricle
mass effect with/without ventriculomegaly should be surgically
treated, while Senceret et al.5 recommended a PFEDH with thick-
ness <5 mm could be followed up conservatively. The criteria for
surgical intervention of PFEDH in our series is when the hematoma
volume >10 mL or presence of fourth ventricle compression/
displacement and/or obstructive ventriculomegaly. A total of 17
patients were surgically treated for PFEDH during the study period
in our institution and, among them, 10 were treated with standard
craniectomy and thus were excluded from subsequent analysis.
Factors like the hematoma volume, severity of mass effects and
patient's neurological conditions were taken into consideration
when deciding whether standard craniectomy or trephination
mini-craniectomy was used. For example, for patients with grad-
ually enlarging hematomas and neurological deterioration, stan-
dard craniectomy is more suitable than trephination mini-
craniectomy. On the other hand, trephination mini-craniectomy is
indicated when patients showed relatively stable neurological
status and the hematoma exerted mild to moderate mass effect.
According to our results, trephination mini-craniectomy could be
applied as a less invasive alternative to standard craniotomy in
patients with stable vital signs and hematoma volumes. Those
l hematoma in a 6-year-old boy was evacuated by one trephination mini-craniectomy
l hematoma in a 10-year-old girl was evacuated by one trephination mini-craniectomy
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patients did not have severe mass effects like cerebellar tonsillar
herniation or brain contusions at the cerebrum and brain stems.
Negative pressure aspiration of the hematoma was used both
during and after operation and this might be helpful for the
attachment of dura matter to the inner table of the skull. In addi-
tion, through the mini-craniectomy, dural sutures were placed
when possible to prevent accumulation of residual hematoma.
However, when CT findings indicated that the bleeding source was
from foramen spinosum, venous sinus, artery or PFEDH was
accompanied with cerebellum hemorrhage, standard craniectomy
would be more suitable as patients' neurological conditions are
more likely to deteriorate rapidly. In addition, when patients had
signs of rebleeding after trephination mini-craniectomy, reopera-
tion with standard craniotomy is recommended for better control
of the bleeding.

One advantage of trephination mini-craniectomy is its relatively
minimal invasiveness as compared with standard craniectomy. For
example, blood loss and time duration of the operation were
decreased compared with previous report.13 The requirement for
bone removal was also minimized, ideally, to the size of a burr hole,
given that the hematoma can be effectively and safely evacuated.
However, in order to allow for placing dural tack-up sutures after
hematoma evacuation, this initial burr hole was usually extended
by rongeur to a bone window of about 2 cme3 cm in diameter.
Another potential benefit of trephination mini-craniectomy is that
it can be performed with hand drill and rongeur, which are widely
available in regional hospitals. In comparison, standard craniec-
tomy requires craniotome and perforator that are driven by high-
speed electric system or pneumatic system, both of which are
only available in large tertiary hospital. Compared with the litera-
ture,5,13 the time intervals between injury and surgery for our cases
were relatively long (24 h). The main reason was because of the
delays in the transport of the patients to our hospital from regional
hospitals. Therefore, adoption of this trephination mini-
craniectomy technique in regional hospitals might contribute to
more timely management of PFEDH locally. Nevertheless, the on
average 4-day hospital stay is shorter than reported in the literature
(4.5 dayse6.5 days).5,13 One possible explanation is that different
discharging criteria might be used in our department. For example,
patients in our study would start rehabilitation and have their scalp
sutures removed after discharge. Therefore, future study with
larger sample size might be needed to compare the efficacy of
trephination mini-craniectomy versus standard craniectomy for
the management of pediatric PFEDH.
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