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Abstract:
Introduction: The incidence of remote cerebellar hemorrhage (RCH) in patients with a dural tear during spinal surgery is

unclear. The purpose of this study was to determine the incidence of RCH and the causative factors in these patients.

Methods: Two hundred and thirty-nine patients underwent spinal surgery at our institution between March 2015 and Sep-

tember 2016. Eleven of these patients needed dural suturing intraoperatively. All patients underwent CT of the head on the

first postoperative day and were categorized according to whether they had RCH or not. The mean values for the amount of

intraoperative bleeding, maximum perioperative blood pressure, postoperative drainage volume, and complaints of headache

during the first 24 h postoperatively were compared between the two groups using the Welch’s two-sample t-test and

Fisher’s exact test. The follow-up duration was 12 months.

Results: There were four patients in the RCH group and seven in the non-RCH group. The incidence of RCH was

36.4%. There were three cerebellar hemorrhages and one interhemispheric fissure hemorrhage in the RCH group. The mean

intraoperative bleeding volume was 284 mL in the RCH group and 569 mL in the non-RCH group. The mean respective

values for maximum perioperative blood pressure and postoperative drainage volume were 132 mmHg and 547 mL in the

RCH group and 144 mmHg and 567 mL in the non-RCH group; none of the differences was statistically significant. How-

ever, complaints of headache in the first 24 h postoperatively were significantly more common in the RCH group than in

the non-RCH group (100% vs. 14.3%; p = 0.01). All patients with intracranial bleeding had recovered 3 months after sur-

gery.

Conclusions: The incidence of RCH following a dural tear during spinal surgery was 36.4%. There was a significant as-

sociation between RCH and increased reporting of headache during the first 24 h postoperatively.
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Introduction

Supratentorial subdural hematoma is a well-known com-

plication following cerebral surgery, but remote cerebellar

hemorrhage (RCH) caused by spinal surgery is less com-

mon. The pathologic mechanism that accounts for RCH is

unclear, but an interventional or post-interventional loss of

cerebrospinal fluid (CSF) seems to be involved in most

cases1,2). Furthermore, the exact incidence of remote intracra-

nial hemorrhage after spinal surgery is not known because

computed tomography (CT) of the head is not routinely per-

formed postoperatively. Therefore, we performed CT of the

head in a series of patients who required intraoperative dural

sutures to determine the incidence of RCH. Here, we report

on four patients who developed RCH following intraopera-

tive suturing of a dural tear and discuss the possible causa-

tive factors.

Materials and Methods

The study was approved by our institutional review board,

and written informed consent was obtained from all patients.
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Figure　1.　Computed tomography of the head 

showing a cerebellar hemorrhage (the Zebra sign) 

in the RCH group.

Table　1.　Demographic and Clinical Characteristics of Patients with Remote Cerebellar Hemorrhage.

Case
Age, 

years
Sex Diagnosis Operation

Drain 

pressure

Anticoagulant 

therapy

Intracranial 

hemorrhage

Past medical 

history

1 71 M Intradural extramedullary 

tumor at T11

Tumorectomy Positive Apixaban Cerebellum CI

2 75 F Lumbar spinal canal 

stenosis

 L4/5 PLIF Negative None Cerebellum None

3 19 F Idiopathic scoliosis T4-L3 PLF Negative None Interhemispheric None

 fissure

4 84 M Lumbar spinal canal 

stenosis and thoracic 

myelopathy

T11, 12, L3, 4 

Laminectomy

Negative Aspirin Cerebellum CI

CI, cerebral infarction; PLF, posterior lateral fusion; PLIF, posterior interbody fusion

Spinal surgery was performed in 239 patients in our depart-

ment between March 2015 and September 2016. Eleven of

these patients needed intraoperative suturing of a dural tear

that was created accidentally or occurred as a result of cut-

ting the dura mater to remove an intradural tumor. The dura

mater was sutured in a watertight fashion using fibrin glue

spray. One or two closed suction drains were placed under

the muscle layer. We explained to all patients beforehand

that if we injured dura during surgery, we would take the

head CT for searching intracranial bleeding. Therefore, we

routinely performed head CT in cases of dural damage on

the first postoperative day, and the results of the head CT

were interpreted by the radiologists. Next, we categorized

the 11 patients into two groups according to whether they

had RCH or not. The RCH group included patients with in-

tracranial bleeding involving either the cerebellum or a cere-

bral fissure. RCH was typically characterized by a streaky

bleeding pattern caused by spreading of blood in the cere-

bellar sulci (Fig. 1). The non-RCH group included patients

who did not have intracranial hemorrhage. For the RCH

group, head CT was performed to check the status of bleed-

ing 1 week after surgery. The usual steps undertaken in pa-

tients who complained of headache were maintaining a

blood pressure <140 mmHg by administration of intrave-

nous nicardipine hydrochloride, placing the patient in a su-

pine position, and drain removal. We kept the patient in a

supine position until we confirmed in the follow-up head CT

that bleeding stopped. The mean values for intraoperative

bleeding volume, maximum perioperative blood pressure,

postoperative drainage volume, and frequency of reports of

headache in the first 24 h postoperatively were compared

between the groups. This is because excessive CSF drainage

and arterial hypertension postoperatively have been identi-

fied as factors potentially predisposing to RCH3-7). Welch’s

two-sample t-test was used to compare the mean values for

continuous variables (i.e., amount of intraoperative bleeding,

perioperative blood pressure, and postoperative drainage),

and Fisher’s exact test was used to compare the proportions

of categorical variables (e.g., postoperative headache). The

follow-up duration was 12 months.

Results

The RCH group included four patients (two men, and two

women) with a mean age of 62.2 years, and the non-RCH

group included seven patients (five men, and two women)

with a mean age of 68.9 years. Two patients in each group

were receiving anticoagulant therapy. The incidence of RCH

following suturing of the dura mater during spinal surgery

was 36.4% (4/11). The surgical procedures performed in the

RCH group included two posterior interbody fusions (n =

2), thoracolumbar posterior decompression (n = 1), and tu-

morectomy for a thoracic neurinoma (n = 1; Table 1). We

performed multiple interbody fusions in the non-RCH

group, except in a decompression case (Table 2). We se-

lected a negative drainage pressure in three cases and a posi-

tive pressure for one case in the RCH group and selected

negative pressure for all cases in the non-RCH group. The

drainage pressure for every patient after surgery was decided

by the surgeon. Intracranial bleeding occurred in the cere-

bellum in three cases and in the interhemispheric fissure in

one case in the RCH group. All patients in the RCH group

didn’t have any previous head trauma. The mean intraopera-
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Figure　2.　Mean intraoperative bleeding volume in the two 

groups.
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Figure　3.　Mean peak perioperative blood pressure in the two 

groups.
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Figure　4.　Mean postoperative drainage volume in the two 

groups.
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Table　2.　Demographic and Clinical Characteristics of Patients without Remote Cerebellar Hemorrhage.

Case
Age, 

years
Sex Diagnosis Operation

Drain 

pressure

Anticoagulant 

therapy

Intracranial 

hemorrhage

Past medical 

history

 5 80 M Destructive spondyloarthropathy L4/5 PLIF Negative None None DM, HD

 6 81 F Lumbar spinal canal stenosis L2-5 PLF Negative Pravastatin None Prostate 

cancer, CI

 7 76 M Lumbar spinal canal stenosis L3/4 PLIF, L4-5 Negative None None HT, DM

PL

L2-5 

laminectomy

 8 63 M T12 metastasis T10-L2 PLF Negative None None Prostate 

Cancer

 9 56 M Lumbar spinal canal stenosis L4/5 5/S1 PLIF Negative None None None

10 68 M Destructive spondyloarthropathy L5/S1 PLIF Negative Aspirin None HD, Renal 

transplantation

11 F 67 Facet cyst L4/5 Cyst resection Negative None None Hyperpara-

thyroidism

CI, cerebral infarction; HD, hemodialysis; PLF, posterior lateral fusion; PLIF, posterior interbody fusion

Table　3.　Complaints of Headache in the First 24 H 

Postoperatively in the Two Groups.

Headache RCH group  non-RCH group P value

Yes 4 (100%) 1 (14.3%) p=0.015

No 0 (0%) 6 (85.7%)

Total 4 7

RCH: remote cerebellar hemorrhage

tive bleeding volume was 284 mL in the RCH group and

569 mL in the non-RCH group (p = 0.08; Fig. 2). The mean

peak perioperative blood pressure was 132 mmHg in the

RCH group and 144 mmHg in the non-RCH group (p =

0.33; Fig. 3). The mean postoperative drainage volume was

547 mL in the RCH group and 567 mL in the non-RCH

group (p = 0.93; Fig. 4). Complaints of headache in the first

24 h postoperatively were significantly more common in the

RCH group than in the non-RCH group (100% vs. 14.3%; p

= 0.015; Table 3). The headaches were aggravated by sitting

or standing. The location of the headache was different in

each patient. One patient in the RCH group was admitted to

the intensive care unit because of a low level of conscious-

ness. All patients who experienced intracranial bleeding

were treated conservatively and had recovered 3 months af-

ter surgery.

Discussion

Intracerebral hematoma after craniotomy is a common
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complication in neurosurgical practice3,4,8,9). Some of these

hematomas occur at the surgical site, whereas others develop

at remote locations. Hemorrhage after cranial or spinal sur-

gery can occur in the intracerebral, cerebellar, epidural, or

subdural compartments. A previous study reported that the

incidence of RCH in lumbar spine surgery is 0.08%10), but a

report by Morofuji suggests that the incidence is likely to be

higher11). There are numerous reports of patients in whom

RCH developed as a delayed complication of spinal sur-

gery5,12-16). Chadduck first described RCH after a spinal pro-

cedure in 198113). Thomas et al. subsequently reported on a

patient in whom supratentorial, infratentorial, and intra-

parenchymal hemorrhage developed after spinal surgery6).

Chadduck postulated that elevated blood pressure might

cause an increased gradient between intravascular and CSF

pressure, thus inducing hemorrhage into the cerebellar pa-

renchyma13). Andrews and Koci speculated that their case of

cerebellar infarction resulted from transient traction, kinking,

or spasm of the superior cerebellar arteries and reported that

hemorrhage occurred upon reperfusion12). Some researchers

have theorized that excessive CSF drainage postoperatively

could cause the cerebellum to become dislocated inferiorly,

with possible tearing of the superior vermian vein5-7). Several

other factors, including arterial hypertension, anticoagulation

therapy, coagulopathy, aneurysm, arteriovenous malforma-

tion, and previous head injury, have been identified as fac-

tors potentially predisposing to RCH3,4,6,17). CT scan in pa-

tients with this type of hemorrhage typically shows a streaky

bleeding pattern, known as the Zebra sign, which is caused

by blood spreading in the cerebellar sulci2). In our cases, the

drainage volume was not significantly different between the

RCH group and the non-RCH group (547 vs. 567 mL). The

most common clinical symptoms of RCH are headache and

impaired consciousness, and these are most likely to occur

during the first 10 h postoperatively1). In the present study,

complaints of headache were significantly more common

during the first 24 h postoperatively in the RCH group (p <

0.05). When a tentative diagnosis of RCH is made, the suc-

tion drain should be removed promptly, and the patient

should be treated as soon as possible to prevent worsening

of RCH18). Small cerebellar hematomas can be managed

medically and followed up with serial imaging. However,

large hematomas that cause a significant mass effect in the

posterior fossa may require surgical decompression5,12-15,19).

Decompression is necessary if there are signs and symptoms

of brainstem compression as a result of increased intracra-

nial pressure. Expanded suboccipital craniotomy and dura-

plasty are the procedures used to decompress the posterior

fossa. The outcome is generally good, with more than 50%

of cases having either complete recovery or only mild resid-

ual neurologic symptoms, although there is a mortality risk

of 10%-15%1). Fortunately, no patients required surgical in-

tervention among our cases.

Conclusion

In summary, this study investigated the occurrence of

RCH in spinal surgery following intraoperative suturing of

the dura with sump drain placement. This study also investi-

gated the factors associated with a significantly increased

risk of RCH. The incidence of RCH following suturing of

the dura mater during spinal surgery was 36.4%. There was

a significant association between postoperative headache

during the first 24 h and occurrence of RCH. However, the

postoperative drainage volume did not differ significantly

between the two groups. Thus, massive CSF leakage may

not account for RCH in this series. We surmise that com-

plaints of headache during the first 24 h postoperatively en-

abled the detection of RCH.
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