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Artfcl_e history: INTRODUCTION: The incidence of remote intracranial hemorrhage (RICH) in patients during spinal surgery
Received 12 January 2021 is rare and the detailed mechanism remains unclear.

Received in revised form 11 February 2021 PRESENTATION OF CASE: A 55-year-old man had undergone cervical discectomy and fusion at C5-6
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Available online 22 February 2021 and C6-7 due to herniated disc and secondary spinal canal stenosis. He had severe headache 20 h

postoperatively and his drain output increased from 100 to 350 mL in the second 10 h after surgery.
Computed tomography (CT) and magnetic resonance imaging (MRI) were performed and he was diag-
. . nosed with acute subarachnoid hemorrhage in the ventral medulla oblongata. The drainage tube was
Remote intracranial hemorrhage . . . . . . . .
Cerebrospinal fluid leakage quickly removed. Infusion of hypertonic saline was used to reduce intracranial pressure and nimodip-
Spinal surgery ine prevented vasospasm around the brainstem. The patient made a gradual, satisfactory recovery with
Case report conservative treatment.
DISCUSSION: The most likely pathomechanism leading to RICH is venous bleeding due to rapid leak of a
large amount of cerebral spinal fluid (CSF) after spinal surgery. If the patient has a headache or neurological
complaints after spinal surgery, immediate imaging is recommended to confirm the diagnosis. Treatment
depends on the amount and location of intracranial hemorrhage.
CONCLUSION: RICH is a serious but rare complication of spinal surgery and cerebellar hemorrhage is
the most common. The most important pathomechanism leading to RICH after spinal surgery is venous
bleeding due to rapid leak of a large amount of CSF. Timely CT is necessary to exclude RICH. Treatment
of RICH depends on the size of the intracranial hematoma and the patient’s symptoms.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords:

1. Introduction postoperatively. We summarize possible mechanisms, and draw

attention to the early identification and treatment of this compli-

RICH after spinal surgery is rare but it can occur at various sites; cation to avoid or minimize permanent neurological injury. This
for example, cerebellar [1], intraventricular [2], epidural [3], sub- study has been reported in line with the SCARE checklist [9].

arachnoid, basal ganglia [4], subdural [5], or even intraparenchymal
[6] hemorrhage. RICH has been observed after any type of spinal
surgery, including cervica 1 [5], thoracic [3] and lumbar [7] spinal
surgery, and even lumbar puncture.

The exact pathophysiology and etiology of this exceedingly rare
complication is still unclear, but evidence suggests that it is caused
by excessive CSF loss during or after surgery, which results in cere-
bral displacement causing stretching and eventual tearing of the
bridging veins [8]. However, some cases have also been reported
with no durotomy or CSF leakage. We encountered a patient with
medulla oblongata ventral subarachnoid hemorrhage owing to cer-
vical spinal surgery, who presented with severe headache 20 h

2. Presentation of the case

A 55-year-old, previously healthy man was admitted with pro-
gressive numbness and immobility of both upper limbs. There was
no history of hypertension or hematological diseases, no family his-
tory of the same condition was documented, and he was not on
any medication. He was not a smoker. At admission, upon physi-
cal examination, the patient showed clear consciousness and could
answer common questions. The pupils and relevant reflexes were
normal. The power in the both upper limbs according to Medical
Research Council grading was 4/5 [10]. The laboratory results of
the patient were normal. Cervical MRI showed disc herniation and
_ secondary spinal canal stenosis at C5-6 and C6-7 (Fig. 1B) and CT

Abbreviations: CSF, cerebrospinal fluid; CT, computed tomography; MRI, mag- showed that the area of the medulla oblongata was normal (Fig. 1A).
netic resonance image; RICH, remote intracranial hemorrhage. . . . .
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Fig. 1. Preoperative magnetic resonance imaging (MRI) and computed tomography (CT) (A, B). Axial brain CT (A) showing normal area of medulla oblongata. Sagittal T1-
weighted MRI of the cervical spine (B) demonstrating an extruded C5-6 and C6-7 intervertebral disc and spinal canal stenosis (arrow). Postoperative MRI and CT at 22 h after
spinal surgery (C, D). Axial brain CT (C) and sagittal T1-weighted MRI of the cervical spine (D) demonstrating medulla ablongata ventral acute subarachnoid hemorrhage

(arrows).

encountered. Prior to closure, a hemovac drain was placed in the
epidural space. After the operation, the patient had good con-
sciousness, stable vital signs, obvious sense of limb release, and
no decrease in muscle strength and sensation. Twenty hours later,
he suffered acute-onset severe headache and his drain output
increased from 100 to 350 mL in the second 10 h after surgery. CT
and MRI showed ventral medullary subarachnoid hemorrhage and
no obvious bleeding at the operation site (Fig. 1C, D). The drain was
immediately removed. Infusion of hypertonic saline was used to
reduce intracranial pressure and nimodipine prevented vasospasm
around the brainstem. The headache gradually relieved within 1
week and the patient was transferred to the rehabilitation depart-
ment in the next 2 weeks. During a follow-up period of 16 months,
the patient’s recovery was satisfactory.

3. Discussion

RICH is a rare poorly understood complication of spinal surgery,
especially cervical spinal surgery, and can lead to significant
morbidity and mortality [1]. After spinal surgery, intracranial hem-

orrhage remote from the area of surgery may develop [11]. The
reported incidence of remote hemorrhage after spinal surgery is
0.08% [12], and the bleeding site is usually located in the cerebel-
lum [13]. The exact pathophysiological mechanism of RICH after
spinal surgery is unclear. Deniz et al. conducted a literature review
and found no correlations between RICH and age, sex, pathology,
or type of intervention performed [14]. Evidence suggests that the
cranial bleeding has a venous origin [15]. One hypothesis is that
excessive CSF loss results from incidental or intentional durotomy,
or drain placement causes caudal prolapse in the cerebellum. This
sudden shift of the brain may cause traction at the arachnoid mat-
ter and venous structures of the brain, leading to secondary venous
tearing or occlusion and hemorrhage in cases in which reperfu-
sion reoccurs or venous pressure increases [ 16]. However, there are
also other reports of cases in which no durotomy or CSF leakage is
encountered [1], as in the present case. CSF leakage or dural tear
was not noted by the surgical team during the operation. However,
there was a marked postoperative increase in drainage of about 250
mL at second 10 h, which may have been caused by rupture of the
dural matter, and CSF leakage may not be obvious during surgery.
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After surgery, the negative pressure caused by drainage can lead to
massive loss of CSF, resulting in hemorrhage. So, while no CSF leak-
age was noted during surgery in our case, it is possible there was
some leakage [4]. In view of the above findings and our previous
report [17], we assumed that the tentorium of the cerebellum and
foramen magnum are the boundary, and the central nervous system
is divided into three chambers, supratentorial, infratentorial and
spinal canal. No matter which chamber itis, the rapid loss of SCF and
rapid perioperative parenchymal shift may result in hemorrhage at
remote locations. There are some other risk factors that have been
associated with spontaneous RICH, including dyslipidemia, smok-
ing, diabetes mellitus, hypertension, amyloid angiopathy, vascular
malformations, use of anticoagulants, tumors, trauma, and infec-
tion [18,19]. To the best of our knowledge, this kind of hemorrhage
is not considered to be of arterial origin. Therefore, we did not
perform a head CT angiography to rule out an aneurysm.

Usually, a headache is the most common symptom of RICH, but
corresponding neurological symptoms are also found. If the patient
has a headache or neurological complaints after spinal surgery,
immediate imaging is recommended to confirm the diagnosis of
RICH and early diagnosis and treatment can reduce mortality. In
our case, the patient presented with only headache and no other
symptoms 20 h after surgery. So, we speculate that there are many
asymptomatic cases of RICH that are undetected after spinal cord
surgery, because cranial CT is not routinely performed, and the
incidence of RICH may exceed that which is reported [2,8,16]. Con-
tinued and worsening neurological symptoms after spinal surgery
may warrant cranial imaging to rule out RICH, usually within the
first 24 h after surgery [8].

To minimize the incidence of RICH, neurosurgeons and spinal
surgeons should be aware of this rare complication, and care must
be taken to prevent dural injury during spinal surgery or try to
minimize CSF loss during durotomy by head-down position and
immediate closure [7]. Patients should stay in bed for a period of
time after the operation, to avoid postoperative hemorrhage caused
by gravity-induced displacement of brain tissue [20]. When a tenta-
tive diagnosis of RICH is made, the suction drain should be removed
promptly [21] and CT is needed. Generally, conservative medical
treatment is sufficient for RICHs, and the long-term prognosis is
good. However, in some cases, large hematomas that cause a signif-
icant mass effect or an acute hydrocephalus may need craniotomy
and external ventricular drainage [22].

4. Conclusion

RICH is a serious but rare complication of spinal surgery, which
can occur in any location in the skull, and cerebellar hemorrhage is
the most common. The most important pathomechanism leading
to RICH after spinal surgery is venous bleeding due to rapid leak-
age of a large amount of CSF. Most cases happen several hours after
surgery, and once headache, vomiting or nervous system symptoms
appear, timely CT is necessary to exclude RICH. Treatment of RICH
depends on the size of the intracranial hematoma and the patient’s
symptoms. Spinal surgeons should be aware of this rare but serious
complication. Dural repair and minimizing CSF loss after intraop-
erative dural tearing would be helpful to prevent postoperative
RICH.
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