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INTRODUCTION:  Chronic  subdural  hematoma(CSDH)  can  be treated  by a  relatively  simple  burr  hole
surgery.  Acute  subarachnoid  hemorrhage  (SAH)  occurring  after  surgery  for CSDH  has  been  reported  as  a
rare  but  severe  complication.
CASE REPORT:  An  88-year-old  female  complained  of  progressive  headache  and  dizziness  for  one  month.
A right  fronto-temporo-parietal  CSDH  with  a shift  in the  midline  structures  and lateral  ventricle  com-
pression  was  shown  by  computed  tomography  (CT)  scans.  Closed-system  drainage  of  the  hematoma  was
performed  via  one  burr  hole  under  general  anesthesia.  Two  hours  after we  began  draining  the  hematoma
at  the  patient’s  bedside,  the  patient  complained  of  headache  and  exhibited  impaired  consciousness  that
progressively  degenerated.  The  drainage  bag  collected  200  ml  of  bloody  liquid  overa  short  time.  A  sub-
sequent  CT  scan  revealed  SAH  and  an acute  subdural  hematoma.  A CT  angiogram  excluded  the  presence
of  intracranial  aneurysms.  The  patient  died  of  hypostatic  pneumonia  after  15  days  despite  conservative
medical  management.
DISCUSSION: Relevant  literature  was  reviewed,  and we believe  that the  occurrence  of  a hematoma  in the

opposite hemisphere  and  the hyperperfusion  resulted  from  the  rapid drainage  of  the hematoma,  which
caused  the  rupture  of weak  bridging  veins  during  drainage.
CONCLUSION:  Slow  decompression  with  closed-system  drainage  is recommended  to  avoid  rapid  dynamic
intracranial  changes  during  drainage  of a subdural  hematoma,  including  brain  shift  or  restoration  of
normal  perfusion,to  prevent  devastating  complications.

©  2018  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
he CC
access  article  under  t

. Introduction

A chronic subdural hematoma (CSDH) can be treated by a rela-
ively simple burr hole surgery, which exhibits a mortality rate of
.5–4.0%. Elderly individuals and alcoholics are commonly affected
y CSDH [1,2]. A CSDH might be found incidentally on brain imag-

ng. Surgical intervention is considered when the mass effect on the
urrounding brain tissue results in symptomology. Relatively sim-
le, safe, and effective procedures have been used to manage this
ondition [3]. Treatment for CSDH is often successful. A burrhole
ith closed drainage is a simple and effective method that most sur-

eons prefer. However, some rare but severe complications, such
s intracerebral hematoma and intracranial extracerebral hem-
rrhage, have been reported [4,5]. Here, we report a case of a

ubarachnoid hemorrhage (SAH) and CSDH occurring immediately
fter we began draining a CSDH following a burr hole operation. The
ossible mechanisms of this rare complication are discussed, and
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the relevant literature is also reviewed. Ourreport is in accordance
with the SCARE criteria [6].

2. Case report

An 88-year-old female was admitted to our hospital with a
one-month history of progressive headache and dizziness. She also
complained of a walking disability. A neurological examination
revealed gait difficulties, and the power in the left lower limb was
3/5 based onthe Medical Research Council grading system. The
routine laboratory test results were within normal limits. Routine
tests such as chest computed tomography (CT), electrocardiogra-
phy, and routine blood tests showednormal findings. CT scans and
MRI  showed a right fronto-temporo-parietal CSDH with a shift of
the midline structures and lateral ventricle compression (Fig. 1).
Closed-system drainage of the hematoma was performed via one
burr hole under general anesthesia. The burr hole was located at
the parietal protuberance. After incision of the dura mater, sponta-

neous outflow and aspiration of the hematoma produced a volume
of approximately 220 ml.  The subdural compartment was  irrigated
with Ringer’s solution, and a subdural drainage system was  care-
fully placed.
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Fig. 1. Preoperative images, CT scans and MRI  showed a CSDH in the right hemisphere wi
images; C–D: brain T2-weighted MRI.

p
t
h
b
a

Fig. 2. Closed-system drainage for CSDH after a burrhole craniostomy.

The operation itself was performed uneventfully, and the
atient’s blood pressure was well-controlled. The drainage sys-

em was initiated when she returned to the ICU ward, and the
ighest point of the drainage system was 15 cm,  relative to the mid-
rain (Fig. 2). However, 2 h after we began draining the hematoma
t the patient’s bedside, the patient complained of a headache
th a shift of the midline structures and lateral ventricle compression. A–B: brain CT

and exhibited consciousness functionsthat progressively degen-
erated. The drainage bag collected 200 ml of bloody liquid. A
subsequent CT scan revealed an SAH focused on the tentorium cere-
bella, a parasagittal acute subdural hematoma and a contralateral
acute subdural hematoma. The right lateral ventricle compression
was markedly reduced, and the midline structure had generally
returned to the correct position compared to the preoperative
image (Fig. 3). A postoperative CT angiogram excluded the pres-
ence of intracranial aneurysms (Fig. 4). Conservative treatments
such as pharmacological sedation, hyperventilation, blood compo-
nent transfusion, and administration of hypertonic saline, osmotic
diuretics, human serum albumin, and systemic antibiotics were
administered. A tracheotomy was  performed at two  days postop-
erative,but the patient died of hypostatic pneumonia after 14 days
despite intensive medical management.

3. Discussion

CSDH is one of the most common neurosurgical pathologies.
Complications during the postoperative period, including failure of
the brain to re-expand, recurrence of hematoma and tension pneu-
mocephalus, are associated with a poor prognosis [1]. Postoperative
hemorrhagic complications, such as intracerebral hematoma, acute
subdural hematoma or SAH, are rare but severe. Acutely deterio-
rated symptoms have been found in CSDH patients within several
hours after the initial burrhole craniostomy, and the subsequent
CT scans of the brain confirmed diagnoses of various intracranial

hemorrhages. In previous reports, postoperative bleeding almost
always occurred in a single spot [7]. However, in our case, bleeding
occurred in multiple spots, including an acute subdural hematoma
and SAH. The location of the hemorrhagesincluded the tentorium
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ig. 3. Postoperative CT images, A–C: CT scans revealed an SAH focused on the tentor
ematoma. The right lateral ventricle compression was  markedly reduced, and th
atheter can be seen in the hematoma cavity.

erebella, a parasagittal acute subdural hematoma and a contralat-
ral hematoma. The cause and pathophysiological mechanism of
ntracranial acute hemorrhage remains unclear, and the mecha-
ism of this occurrence is still a matter of conjecture. Research has
evealed that “too rapid or too excessive postoperative drainage”
an be the primary and onset cause [8].The height of the tube is the
ain factor that determines the speed of postoperative drainage.

f the tube is placed too low, the drainage speed will be increased
nd may  cause a sharp changeleading toserious pathological events
uch asincreased intracranial pressure, a shift of midline structures,
ecreased cerebral blood flow and other related changes [9]. If the
rainage system is placed too high, it does not function properly.

Increasing evidenceindicatesthat a sudden variation in cere-
ral blood flow is a consequence of cerebral decompression after
SDH drainage [5,10–12]. Ogasawara et al. showed in their sin-
le positron emission computed tomogram (SPECT) studies that
apid decompression of CSDH frequently results in transient hyper-
mia in the cerebral cortex beneath the hematoma postoperatively
13]. Brodersen et al. reported that cerebral blood flow decreases
efore surgery and then increases after surgery, as shown by intra-
rterial 133-Xenon cerebral blood flow studies of CSDH patients
14]. Other Xenon-enhanced CT studies have demonstrated that
erebral blood flow is decreased in CSDH patients, particularly
n the ipsilateral frontal region, Rolandic cortical area, putamen
nd thalamus [15–17]. Koike et al. showed experimentally that
eaky bleeding can arise in intraparenchymal brain tissue due to
apid hemodynamic changes. Thus, if cerebral blood flow or cere-

ral autoregulation is impaired due to long-term compression by

 CDSH, and a decrease in intracranial pressure occurs due to
rainage of a hematoma, hyperperfusion can arise [18]. A sud-
erebella, a parasagittal acute subdural hematoma and a contralateral acute subdural
line structure shad generally returned to their original positions. D: The drainage

den increase in intracranial blood flow, combined with defective
vascular autoregulation, caused the intracranial hemorrhage after
surgical correction of CSDH. Tatter et al. reported two  cases of SAH
that might have been caused by rupture of a perforating artery
during the procedure used to drain a hematoma [19].

Marcus et al. reported that the less invasive surgical tech-
nique of bedside percutaneous subdural tapping and spontaneous
hematoma efflux after twist drill craniostomy under local anesthe-
sia produced satisfactory results. In their study, decompression-
related intracerebral hemorrhage and acute subdural hematoma
were extremely rare complications in patients who underwent per-
cutaneous twist drill craniostomy without drainage [20]. In our
case, the patient had a one-month history of progressive exacer-
bation of symptoms, after which we aspirated 200 ml of hematoma
during the surgical procedure, and the drainage bag collected
200 ml  of bloody liquid within two  hours postoperatively. Thus,
we believe that the cerebral blood flow changed dramatically in a
short time. It is reasonable to assume that hyperperfusion occurred
immediately after the drainage procedure, and the sudden variation
in cerebral blood flow, as a consequence of cerebral decompres-
sion,caused weaker perforating arteries to rupture and bleed.

Some researchers believe that the factor common to all causes
of remote hemorrhage during and after neurosurgical procedures
is related to brain deformations, the so-called brain shift, which
invariably occurs during all open craniotomy procedures [21]. Kelly
et al. were the first group to report brain shift during volumet-
ric stereotaxy when they observed dislocation of small steel balls

placed along the surgeon’s line of view [22]. Brain shift produces
stretching and transient occlusion of the cortico-dural bridging
veins that drain into the peripheral dural sinus. Consequently,
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Fig. 4. Postoperative CT angiography images, A–D: A CT angiogram sh

enous infarcts occur in the venous drainage territories, and hem-
rrhagic transformation results when perfusion is re-established
ithin ischemic tissue [21].

Rapid perioperative parenchymal shift could dramatically
orsen cerebral venous drainage. A sudden copious drainage of

ematoma fluid could lead to perioperative brain shift, which can
ear the contralateral or other bridging veins and subsequently
esult in intracranial hemorrhage [23,24]. The theory of rapid peri-
perative parenchymal shift causing direct vascular damage fits
ell with the phenomenon of multiple intracranial hemorrhages

n our patient who had a previous unilateral subdural hematoma
ith a shift of the midline structures. In this case, as revealed in

he CT and MR  images, the displacement of the brain hemisphere,
specially the midline structures, changed markedly after surgery.

Other individual variable factors, such as anti-coagulant and
nti-platelet therapy, cerebral amyloid angiopathy, diffuse cere-
ral atrophy, seizures, failure of cerebral vascular self-regulation
nd fragile cerebral vessels due to aging, may  be important
otential risk factors related to acute hemorrhage after a CSDH
peration [25–27]. Our patient was 88 years old and had brain
trophy.After the drainage, the failure of cerebral vascular self-
egulation and traction of fragile cerebral vessels could have
esulted in hemorrhage. Although aggressive non-surgical treat-

ent was administered, the patient died due to hypostatic
neumonia.

Intracranial hemorrhage remote from the site of surgery is an
ncommon and poorly understood complication following neuro-
urgical procedures. The occurrence of postoperative hemorrhage

ue to chronic subdural hematoma depends mainly on the speed of
rainage.Drainage can lead to a rapid shift in intracranial pressure,
nd brain tissue can decline rapidly, resulting in changes in cere-
ral blood flow and venous bridge tears, which can cause various
normal arteries and excluded the presence of intracranial aneurysms.

types of intracranial hemorrhage. Sudden decompression should
be avoided during and after surgery for patients with CSDH who
show imaging evidence of severe brain compression due to massive
hematoma. The occurrence of hematoma in the opposite hemi-
sphere and the hyperperfusion resulted from the drainage of the
hematoma, which caused the rupture of weak cerebral blood ves-
sels. Therefore, slow decompression with controlled re-expansion
and closed-system drainage should be used to avoid rapid, dynamic
intracranial changes, including brain shift or restoration of normal
perfusion during decompression of the brain, and to prevent dev-
astating complications. The drainage speed is determined by the
height of the drainage system. Therefore, the highest point of the
drainage system should be decreased slowly. This may lead to a
slow recovery of cerebral vascular regulation and a slowing of brain
shift. We  stress that the speed of drainage should be controlled
through the height setting during drainage for patients after a CSDH
burrhole operation. The patient should be carefully monitored, and
postoperative CT scans should be acquired early to detect possible
complications.

4. Conclusion

Acute SAH occurring after surgery for CSDH is a rare but severe
complication associated with the postoperative drainage speed.
Rapid variation of cerebral blood flow and perioperative parenchy-
mal  shift occur due tothe speed of the drainage system. Thus, the
height of the tube should not be too low, thereby avoiding“too rapid

or too excessive postoperative drainage.” The height of the drainage
tube after the burr hole procedure should be decreased slowly dur-
ing drainage to control the drainage velocity and to avoid acute
bleeding after the operation and during the drainage period.
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