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INTRODUCTION

A postoperative intracranial hematoma is one of the most
serious complications of cranial surgery. Specifically, an epi-
dural hematoma (EDH) is an embarrassing complication
that can occur after intracranial surgery. The reported inci-
dence of postoperative EDHs was approximately 1.0% [1,2].
An EDH can develop regionally; adjacently; or distantly, in a
remote area that is removed from the operation site [1]. There
are some reports of remote EDHs that occurred after a ven-
triculo-peritoneal shunt operation [3-14] or a decompressive
craniectomy [15,16]. Few cases of postoperative remote EDHs
after brain tumor surgery have been reported [2,17-23], es-
pecially in posterior fossa surgery [24-27]. The exact mecha-
nism of remote postoperative EDH development is unclear;
however, several hypotheses have been proposed. Most often,
a sudden drop of intracranial pressure (ICP), developed by
the excessive loss of a substantial volume of cerebrospinal fluid
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A postoperative epidural hematoma (EDH) is a serious and embarrassing complication, which usually
occurs at the site of operation after intracranial surgery. However, remote EDH is relatively rare. We re-
port three cases of remote EDH after brain tumor surgery. All three cases seemed to have different
causes of remote postoperative EDH; however, all patients were managed promptly and showed ex-
cellent outcomes. Although the exact mechanism of remote postoperative EDH is unknown, surgeons
should be cautious of the speed of lowering intracranial pressure and implement basic procedures to
prevent this hazardous complication of brain tumor surgery.
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(CSF) during surgery, is pointed to as a significant cause of
remote EDH.

In the present report, we describe three patients who de-
veloped a remote EDH after brain tumor surgery. In addition,
we review the literature of remote postoperative EDHs after
brain tumor surgery, discuss their precise developmental
mechanisms, and suggest methods for preventing them.

CASE REPORT

Casel

A 26-year-old male patient had a 6-month history of head-
aches. His initial brain computed tomography (CT) scan sh-
owed a 4.6X3.5 cm sized mass in the left cerebellopontine an-
gle. This lobulated contoured mass showed heterogenous en-
hancement, with internal cystic portions on T1-weighted im-
ages of magnetic resonance imaging (MRI) scans (Fig. 1A).
Hydrocephalus was not definite. In preoperative hematologi-
cal studies, no coagulopathy was detected. The patient under-
went surgery to remove the tumor via a retrosigmoid appro-
ach. After opening the dura, the cerebellum was tense and
bulging, the cerebellomedullary cistern was opened, and CSF
release was completed at a moderate speed to prevent the rapid
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reduction of ICP. A complete microsurgical resection of the
tumor was achieved in a piecemeal fashion.

After the surgery a postoperative CT scan was performed
immediately, as per routine. The CT scan revealed EDHs in
both parietal areas, which were remote from the site of the

craniotomy (Fig. 1B). However, the patient awoke from gen-
eral anesthesia well and had no neurological deficits. After 2
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weeks postoperatively, without any procedure for the EDH, a
follow-up CT scan was performed and it showed no changes
in their size (Fig. 1C). The density of the EDH changed as a
chronic hematoma. The patient was discharged without any
neurological deficits. Postoperative MR images showed that
the tumor mass was totally removed (Fig. 1D). The tumor was
histologically diagnosed as an acoustic schwannoma.

Fig. 1. Case 1. A: Preoperative gadolinum-enhanced T1-weighted MRI shows 4.6x3.5 cm sized heterogenously enhancing mass located in
the cerebellopontine angle. B: Immediate postoperative brain CT scan shows acute EDHs in bilateral parietal regions (arrows). C: Without
any procedure for EDHs, 2 week follow-up CT scan shows no change in the size of EDHs and the density of EDHs has changed. D: Post-
operative gadolinum-enhanced T1-weighted MRI shows the tumor gross totally removed. EDH, epidural hematoma.

Fig. 2. Case 2. A: Preoperative gadolinum-enhanced T1-weighted MRI shows 2.0x2.0 cm sized heterogenously enhancing mass located in
suprasellar area. B: Immediate postoperative brain CT scan shows no specific complications. C: CT scan in 2 postoperative days shows EDH
in right parietal area (arrow). D: After 2 weeks follow-up, EDH was resoluted but enlarged. E: After burr hole trephination, EDH was completely
evacuated. F: Postoperative gadolinum-enhanced T1-weighted MRI shows the tumor gross totally removed. EDH, epidural hematoma.

133



Remote Postoperative EDH after Brain Tumor Surgery

Case 2

A 12-year-old male patient had a 9-month history of poly-
dipsia and a 1-month history of visual disturbances. A brain
MRI was performed and it showed a 2.0%2.0 cm sized heter-
ogenous mass with enhancement in the suprasellar area (Fig.
2A). On the basis of age and the neuroimaging findings, the
initial suspected diagnosis was craniopharyngioma. No hy-
drocephalus was observed and no coagulopathy was detected
in preoperative studies. The patient underwent surgery to re-
move the tumor via a right pterional approach. Prior to the
dura opening, dural tag-up sutures were made along the mar-
gin of the craniotomy. There was no excessive or rapid CSF
drainage during surgery. After the gross total removal of the
tumor, the brain was remarkably sunken down. A complete
microsurgical resection of the tumor was achieved in a piece-
meal fashion.

After the surgery a postoperative CT scan was performed
immediately, as per routine. The CT scan showed no specific
complications, such as intracranial hemorrhaging (Fig. 2B).
However, after two days postoperatively the patient had symp-
toms of nausea and a severe headache. A CT scan was per-
formed and it showed an EDH in the right parietal area, which
was remote from the site of the craniotomy (Fig. 2C). As the
patient was tolerant, we did not perform any immediate pro-
cedure for this EDH. After 20 days postoperatively, the pa-
tient complained of an aggravated headache. A CT scan was
performed and the density of the EDH showed resolution of
the hemorrhage. However, the amount of EDH was enlarged
(Fig. 2D). Burr hole trephination was conducted and EDH
was completely evacuated (Fig. 2E). The patient was disch-
arged without any neurological deficits. Postoperative MR im-
ages showed that the tumor mass was totally removed (Fig. 2F).
The tumor was histologically diagnosed as a craniopharyngioma.

Case 3
A 15-year-old female patient had 3-month history of gait
disturbance and mild dysarthria. A brain MRI was done and

it showed a 7.8x5.8 cm sized, dumbell shaped huge mass in-
volving left cerebellopontine angle; middle cranial fossa; and
Meckels cave which was compressing the midbrain, pons, and
cerebellum (Fig. 3A). The mass was well demarcated and sh-
owed heterogenous enhancement. Based on these neuroim-
aging findings, the diagnosis of trigeminal schwannoma was
suspected. Ventricular enlargement was noted and no coagu-
lopathy was detected in preoperative hematologic studies. In
the operation room, we firstly performed extraventricular dr-
ainage (EVD). After performing EVD, we used a left anterior
petrosal approach with the patient in the supine position. Be-
fore opening the dura, dural tag-up sutures were made along
the margin of the craniotomy. Anterior petrosectomy was done
extradurally by retracting the frontal lobe. The EVD catheter
was mostly closed during surgery. After dural opening, brain
edema was severe and the EVD catheter was intermittently
opened. However, CSF was not drained excessively or rapidly
during surgery. After the subtotal removal of the tumor, the
brain seemed to be tense and bulging. We planned a staged
operation for the remaining tumor and finished the surgery.

Postoperatively, she was reversed from anesthesia but re-
mained in a Glasgow Coma Scale of E1VtM3. Her pupils were
dilated and not reacting. An emergent CT scan was immedi-
ately obtained, which showed a huge EDH that was compress-
ing both frontal lobes (Fig. 3B). Coagulation parameters were
within normal limits. She underwent an emergency cranioto-
my and an evacuation of the EDH. After opening the previ-
ous bone flap, some leaks were observed between the margin
of the skull bone and the dura, which were tagged up by su-
turing. An extended craniotomy was performed and the EDH
was completely removed. After removing the EDH, she awoke
from general anesthesia well but showed a slightly drowsy
mentality. The EDH was totally evacuated in a postoperative CT
scan (Fig. 3C).

One day after initial surgery, a second operation for the tu-

mor was performed. We used a retrosigmoid approach in the
lateral park-bench position. The remaining tumor was com-

Fig. 3. Case 3. A: Preoperative gadolinum-enhanced T1-weighted MRI shows 7.8x5.8 cm sized dumbell shaped huge mass involving left
cerebellopontine angle, middle cranial fossa and Meckel’s cave. B: Immediate postoperative brain CT scan shows acute EDHs (arrow) in
bilateral frontal area. C: After craniotomy, EDH was completely evacuated. D: Postoperative gadolinum-enhanced T1-weighted MRI shows
the tumor gross totally removed. EDH, epidural hematoma.
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pletely removed in a piecemeal fashion. After the surgery, a
CT scan was performed immediately and it showed no spe-
cific complications. The patient was discharged without any
neurological deficits. Postoperative MRI images showed that
the tumor gross was totally removed (Fig. 3D). The tumor
was histologically diagnosed as a schwannoma.

DISCUSSION

A postoperative EDH is a well-known serious complication
of intracranial surgery. It usually occurs at the site of the opera-
tion. A remote EDH can occur distant to the site of the crani-
otomy, however, it is quite rare and to our knowledge only a
few cases have been reported in the literature (Table 1). These
hematomas may be ipsilateral, contralateral, or bilateral, in-
cluding multiple locations. Various hypotheses regarding the
pathophysiology of this remote EDH have been suggested
[3,15,16,28]. These hypotheses include a sudden decrease in
ICP; massive drainage of CSF; unequal distribution of ICP,
which causes brain shifting; underlying coagulopathies; and
excessively powerful pin fixation, which penetrates the inner
table of the skull bone. The major cause of remote EDH
seems to be the excessive loss of CSF during surgery, which
may cause brain shifting and create negative pressure at a re-
mote area. In many reported cases of remote EDHs, the neu-
rosurgical procedures involved opening the ventricular system
or CSF cisterns, which caused the loss of a substantial volume
of CSF during surgery [29]. Most authors have suggested that
a sudden reduction in ICP may cause traction on the menin-
geal vessels, such that the negative pressure strips the dura
from the inner table of the skull, causing the extradural vessel
to bleed. This could cause further dural detachment with more
hematoma expansion [19,24,25,27]. Other reports have de-
scribed cases of postoperative remote EDHs that might have
resulted from coagulopathy or the use of pins for rigid fixa-
tion during surgery. Additionally, as many patients with re-
mote EDHs tend to be young, age could be another trigger
factor (Table 1). The adhesion between the dura and the inner
table of the skull bone grows stronger with age and the elas-
ticity of the dura is better at young ages; this could result in
easier separation of dura from constant negative pressure.
However, no single perioperative factor can reliably predict
the occurrence of remote site hemorrhages (Table 1).

In our cases, excessive drainage of CSF could be one cause
of remote EDH. It could also be caused by opening the CSF
cisterns (case 1 and 2, especially in case 1) or by EVD (case 3).
However, to prevent remote EDH in case 2, we paid attention
to the release of CSF and ensured it was neither rapid nor ex-
cessive. Moreover, in case 3 the EVD catheter was mostly
closed during surgery. It was intermittently opened only to
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control severe brain edema. In our opinion, CSF was not
drained excessively or rapidly during surgery in cases 2 and 3.
Therefore, over-drainage during surgery could only be a
cause of remote EDH in case 1. Furthermore, the patients’ co-
agulation profiles were all within the normal range and the
location of the EDH was not near the site of pin fixation.

In case 2, the EDH was not seen in the postoperative CT
scan, which was performed immediately after surgery. How-
ever, pneumocephalus was noted in both frontal areas (Fig.
2B). We think that the expansion of the brain toward the emp-
ty space of pneumocephalus caused the negative pressure,
and caused a delayed remote EDH in the contralateral side of
the pneumocephalus.

In case 3, something might have happened during surgery
when the brain edema was aggravated. Since the EVD cathe-
ter was mostly closed during the initial surgery and we found
some bleeding between the margin of the skull and the dura
of the previous craniotomy site during the surgery for EDH,
the loosening of tag-up suture seems to be the major cause of
the remote EDH. We think some tag-up sutures were slack-
ened during the initial surgery, due to the extradural retrac-
tion for the anterior petrosal approach. In addition, the bleed-
ings during surgery might have fallen into the loosened space,
causing more dural detachment and further hematoma ex-
pansion to the dependent portion (both frontal areas) in the
supine position. Of course age could also be a trigger factor in
all 3 cases.

Therefore we believe that, especially in young patients, a
sudden lowering of ICP by excessive or rapid CSF drainage
should be avoided. Moreover, basic procedures, such as filling
the normal saline in the intradural space before the last dural
suture to prevent pneumocephalus or performing dural tag-
up sutures tightly along the margin of the craniotomy should
always be remembered. It is also important to detect remote
EDHs early by immediate postoperative brain CT scans, and
to manage and adequately prevent hazardous complications
while achieving an excellent prognosis.

In conclusion, here, we report 3 cases of brain tumor sur-
geries that were complicated by remote postoperative EDHs.
Gradual reduction of ICP and paying particular attention to
basic procedures may prevent this hazardous complication in
brain tumor surgery, especially in young patients. Furthermore,
a high index of suspicion, a prompt diagnosis, and emergent
management is important to achieve an excellent prognosis.
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