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One case report of delayed severe intracerebral and intraventricular hemorrhage

after cranioplasty

Zongyu Xiao

Department of Neurosurgery, Affiliated Hospital of Qinghai University, Xining, China

ABSTRACT

Background: Cranioplasty is a relatively simple neurosurgical procedure, and common complications of
cranioplasty include dural tears, CSF leakage, infection, epilepsy, epidural hematoma and bone flap resorp-
tion. Intracerebral hemorrhage as a complication of cranioplasty is rare, and it is often fatal. The report
describes one case of delayed severe intracerebral and intraventricular hemorrhage after an uneventful
cranioplasty.

Case presentation: A previously healthy 29-year-old man was admitted to our hospital with a traumatic
left frontotemporoparietal acute subdural hematoma, an emergency decompressive craniectomy with clot
removal was performed. Four months after the surgery, cranioplasty was performed with a titanium mesh,
the surgery was uneventful. Six hours after the operation, a CT scan demonstrated no bleeding or edema.
In the following 2 days after cranioplasty, the patient did not have any neurological deficits, normal blood
pressure was recorded every day, no trauma occurred, and routine laboratory test results were within nor-
mal limits. However, on the third day after cranioplasty, the patient suffered a sudden severe headache
while playing games on his mobile phone, and then rapidly fell into deep coma; both pupils were fixed
and dilated at 5mm with no response to light. An immediate CT scan revealed a massive intracerebral
hematoma and intraventricular hematoma on the left side, and the midline shifted to the right side.
Therefore, an ipsilateral decompressive craniectomy was performed with evacuation of the hematoma; the
obvious bleeding point was not identified, and no obvious vascular abnormalities were found during the
operation. A CT scan on day 3 after reoperation revealed successful decompression, and CT angiography
showed no vascular abnormalities. Despite all treatment measures, the patient did not regain conscious-
ness, his neurological situation did not improve after the operation, and the patient lived in a vegeta-
tive state.

Conclusion: Although intracerebral and intraventricular hemorrhage after cranioplasty is extremely rare, it
is often fatal. Aside from hyperperfusion and cerebral autoregulation dysfunction, traction injuries to the
fragile vessels due to posttraumatic angiogenesis may also be one of the key factors of complications
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after cranioplasty.

Background

Cranioplasty is a relatively simple procedure, and common com-
plications of cranioplasty include dural tears, cerebrospinal fluid
(CSF) leakage, infection, epilepsy, epidural hematoma and bone
flap resorption.' Intracerebral hemorrhage as a complication of
cranioplasty is rare, and it is often fatal.”* Here, we report the
occurrence of delayed severe intracerebral and intraventricular
hemorrhage following routine cranioplasty in a 29-year-old man.

Case description

A previously healthy 29-year-old man was admitted to the
Department of Neurosurgery of the Affiliated Hospital of
Qinghai University after a vehicle accident on 22 July 2013. On
admission, his Glasgow Coma Scale (GCS) score was 8
(E2V2M4), the pupil size of both eyes was not equal (left
5.0mm, right 3mm), and the pupillary reaction to light was
absent. A computed tomography (CT) scan showed a left fronto-
temporoparietal acute subdural hematoma associated with a sig-
nificant midline shift. The patient underwent an emergency

decompressive craniectomy with clot removal. The postoperative
course was uneventful, and the patient regained full conscious-
ness without any neurologic deficits one week after the surgery
(Figure 1).

Four months after the surgery, the patient was admitted to
our department for cranioplasty. A preoperative CT scan did not
show any abnormalities except for the bony defect and some
posttraumatic hypodensity area in the left frontotemporoparietal
region (Figure 1A). The preoperative routine examination and
laboratory tests were in the normal range. The surgery and anes-
thesia (90-minute duration) were uneventful, titanium mesh was
used to repair the cranial defect, and a subgaleal drain was placed
at the end of the surgery. The patient recovered from the surgery
uneventfully; neither anticoagulation nor antiplatelet therapy was
indicated during perioperative management. Six hours after the
operation, a CT scan demonstrated no bleeding or edema (Figure
2B). In the following two days after cranioplasty, the patient did
not have any neurological deficits, normal blood pressure was
recorded every day, no trauma occurred, and routine laboratory
test results were within normal limits. However, on the third day
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Figure 1. Head CT scan, Preoperative CT scan of the head showed a left frontotemporoparietal acute subdural hematoma associated with a significant midline shift.
(A), postoperative CT scan demonstrated the total removal of the subdural hematoma and the return of the midline (B).

after cranioplasty, the patient suffered a sudden severe headache
while playing games on his mobile phone, and then rapidly fell
into a deep coma; both pupils were fixed and dilated at 5mm
with no response to light. An immediate CT scan revealed a mas-
sive intracerebral hematoma and intraventricular hematoma on
the left side, and the midline shifted to the right side (Figure
2C). Therefore, an ipsilateral decompressive craniectomy was per-
formed with evacuation of the hematoma; the obvious bleeding
point was not identified, and no obvious vascular abnormalities
were found during the operation. A CT scan on day 3 after reop-
eration revealed successful decompression (Figure 2D), and CT
angiography (CTA) showed no vascular abnormalities (Figure
2E). The patient underwent tracheostomy and further intensive
care unit (ICU) treatment for a few weeks. Despite all treatment
measures, the patient did not regain consciousness, his neuro-
logical situation did not improve after the operation, and the
patient lived in a vegetative state. Four years later, a follow-up
CT scan revealed hydrocephalus and bulging of the left fronto-
temporal skin flap (Figure 2F), but the patient’s family refused
any further examination or treatment. The patient was lost to fol-
low-up in July 2018.

Discussion

Cranioplasty is a relatively simple procedure that is generally per-
formed to repair a cranial defect resulting from trauma or sur-
gery. The reported complications of cranioplasty include dural
tears, CSF leakage, infection, epilepsy, epidural hematoma and
bone flap resorption.' Intracerebral hemorrhage as a complica-
tion of cranioplasty is rare, and it is often fatal.>™* Causes of
cerebral hemorrhage after cranioplasty include reperfusion,
reduction in automatic adjustment function, sinking skin flap
syndrome (SSFS), negative pressure due to subgaleal suction
drainage, venous stasis, vascular damage following restoration of
the midline, and allergic reaction.”

In some craniectomy patients, the atmospheric pressure and
forces of gravity can be greater than the intracranial pressure,
leading to a paradoxical herniation called SSFS.° Generally, the
majority of these syndrome cases can be resolved via cranioplasty
without any complications. However, in some rare cases after
craniectomy, removal of the atmospheric pressure on the brain
tissue results in reexpansion and hyperperfusion of the brain tis-
sue inside the skull, which would lead to stretching or even rup-
turing of the cerebral vessels; thus, a hematoma could form.
Perfusion CT or magnetic resonance imaging (MRI) after cranio-
plasty has demonstrated that increased cerebral blood flow and
an increased blood volume could be observed not only in the
ipsilateral hemisphere but also in the contralateral hemisphere.
The increased cerebral perfusion could also increase the patient’s
risk of hemorrhage into the surrounding weak brain tissue.
Therefore, postcranioplasty hemorrhage could occur not only on
the surgical side but also on the contralateral side. Most instances
of hemorrhage after cranioplasty have been reported on the ipsi-
lateral side,”* and Okumoto’ reported that a small putaminal
hemorrhage was found on the contralateral side on the day after
cranioplasty. Moreover, the cerebellum and brain stem could also
be influenced by these hemodynamic changes. Missori® reported
cerebellar hemorrhage after cranioplasty. Chitale’ reported both
supratentorial and infratentorial hemorrhagic infarctions after
cranioplasty.

Many studies have demonstrated that cerebral pressure autor-
egulation is impaired over a variable time course after traumatic
brain injury and appears to remain impaired in a small group of
severely injured patients. Impaired autoregulation may lead to
decreased cerebral blood flow and metabolism when bone is defi-
cient. After cranioplasty, the artificial bone protects the brain
from atmospheric pressure, and these patients cannot respond in
a timely manner to adapt to these hemodynamic changes, which
may result in increased perfusion pressure; thus, brain edema or
hemorrhage may occur."
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Figure 2. CT scans of the pre- and post-hemorrhage onset of the patient. CT scan showed the bony defect before cranioplasty (A). Six hours after cranioplasty, a CT
scan demonstrated no bleeding or edema (B), but a massive intracerebral and intraventricular hemorrhage was found 3 days after cranioplasty (C). CT scan on day 3
after reoperation revealed successful decompression (D), and CTA demonstrated no vascular abnormalities (E). A follow-up CT scan revealed hydrocephalous and bulg-

ing of the left frontotemporal skin flap (F).

Placing an epidural drain with a vacuum suction system after
cranioplasty may further decrease the intracranial pressure and
cause subsequent rapid expansion of the brain and shifting of the
midline, which may impair autoregulation and lead to reperfu-
sion injury.'"'? Sviri'* reported on four patients who underwent
cranioplasty after decompressive craniectomy, all of whom were
treated with a closed vacuum suction system that was placed
under the scalp and kept open at the end of the cranioplasty pro-
cedure. All of the patients suffered from massive brain edema
and died. Hettige'”> thought that allergic reactions to titanium
were another important cause of severe postoperative cerebral
edema after cranioplasty. Shimizu'* reported one case of cerebral
swelling caused by deep venous thrombosis immediately after
cranioplasty.

Almost all reported cases of intracerebral hemorrhage
occurred on the day after cranioplasty.”* The present case was
different; the patient was healthy before the operation, no trauma
occurred, and the results of the physical examination and all of
the laboratory tests were in the normal range. Additionally, nei-
ther anticoagulation nor antiplatelet therapy was administered
during perioperative management, so we ruled out the possibility
of bleeding caused by trauma, hypertension and coagulation

dysfunction. We did place a subgaleal drain during the operation,
but we did not connect it to a closed vacuum suction system; a
normal subgaleal drain seems to not be the reason for the bleed-
ing. Although the operative and postoperative CTA findings con-
firmed that there were no vascular abnormalities, we cannot be
certain whether there was a potential aneurysm before the oper-
ation that may have been removed along with the hematoma.
Furthermore, it is important to note that as the patient had a his-
tory of brain trauma and subsequent cranial surgery, there may
have been some adhesions due to scar tissue, and posttraumatic
angiogenesis around the damaged brain tissue may have created
some fragile blood vessels.'” During the cranioplasty procedure,
elevating the scalp flap from the underlying dura may cause
some mild damage to these fragile vessels. The patient’s blood
pressure may have increased while playing games on his mobile
phone on the third day after cranioplasty. Combined with hyper-
perfusion and cerebral autoregulation dysfunction, these mildly
damaged, fragile vessels would have been more likely to rupture,
causing the delayed hematoma.

Therefore, based on the mechanism described above, we con-
sider the most likely reason for the delayed intracerebral and
intraventricular hemorrhage to be a combination of different
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factors; aside from hyperperfusion and cerebral autoregulation
dysfunction, the traction injuries to the fragile vessels due to
posttraumatic angiogenesis may also be one of the key factors of
complications after cranioplasty. Therefore, we suggest that sur-
geons should dissect the scalp flap as gently as possible to avoid
any traction injuries to the brain tissue underlying the dura in
the cranioplasty procedure.

Conclusion

Although intracerebral and intraventricular hemorrhage after cra-
nioplasty is extremely rare, it is often fatal. Aside from hyperper-
fusion and cerebral autoregulation dysfunction, traction injuries
to the fragile vessels due to posttraumatic angiogenesis may also
be one of the key factors of complications after cranioplasty.
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