
Introduction
Post-operative intracranial bleeding occurring at a distance 
from the surgical site is a rare complication of both supra- 
and infra-tentorial craniotomies as well as spinal surg
eries and is referred to as remote intracranial hemorrhage 
(RIH). The most common location is the cerebellum [1, 
2]. Combination of intra- and extra-parenchymal hemor-
rhages in both supra- and infra-tentorial compartments is 
exceedingly rare as only a few cases have been reported 
[3–9]. We herein present two cases of RIH, which showed 
different imaging patterns and clinical signs and symp-
toms.

Case 1
A 54-year-old male underwent a right pterional craniot-
omy for clipping of two unruptured aneurysms. A right 
cerebellar hemorrhage was noted on post-operative brain 
CT and confirmed on MRI (Figure 1).

Case 2
A 60-year-old male underwent decompressive lumbar sur-
gery. Post-operatively, an excessive volume of drainage fluid 
was collected by the catheter that had been left in place 
(Figure 2A, B, C), suggesting an undetected dural tear. The 
patient developed generalized seizures. Brain CT demon-
strated hemorrhages in different intracranial compartments 
(Figure 2D, E, F), with no underlying vascular abnormality. 
Findings were confirmed on MRI (Figure 2G, H, I).

Both patients were treated conservatively. One month 
afterwards, they were in good clinical condition and brain 
imaging showed no residual hemorrhage.

Discussion
Case 1 is a classic presentation of remote cerebellar 
hemorrhage complicating a supratentorial craniotomy. 
CT demonstrates a pathognomonic imaging pattern of 
alternating hyperdense and hypodense stripes following 
the cerebellar folia, referred to as the zebra-sign because 
of its resemblance to the animal’s black and white coat 
[10]. Patient 2 conversely associates subdural, subarach-
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Figure 1: Patient 1. (A, B) Axial and sagittal CT images 
show a right cerebellar hemorrhage (arrow) exhibiting 
multiple stripes referred to as the ‘zebra sign’. (C) Axial 
T2 gradient-echo and (D) axial T2 weighted-images con-
firm hemosiderin deposits in the right cerebellar hemi-
sphere (arrowheads).
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noid, and parenchymal hemorrhages, which have been 
rarely observed simultaneously [3–9].

The exact incidence of RIH associated with spinal sur-
gery is unknown because brain CT is not systematically 
performed post-operatively, but it seems low, varying from 
0.08 to 0.4% [8–9]. The pathophysiological mechanism 
underlying RIH is not yet fully elucidated but a massive 
loss of CSF during and/or after the procedure seems to 
be involved, leading to intracranial hypotension and tear-
ing with subsequent rupture of bridging veins [6, 8, 11].  
Indeed, dural tears are common, with a 1–17% incidence 
and may result in RIH in all brain compartments [7, 9]. The 
hypothesis of a venous etiology is supported by the fre-
quently observed bilateral distribution of hemorrhage, in 
contrast to arterial bleeds which are typically unilateral [11].

RIH are typically self-limiting, and usually do not require 
any specific treatment. Thus, this benign entity needs 
not be misdiagnosed with other more severe etiologies, 
such as hypertensive hemorrhages or ruptured vascular 
malformations.

Conclusion
Physicians must be alert to the possible development of 
RIH post-operatively and aware of their benign course.

Competing Interests
The authors have no competing interests to declare.

References
	 1.	Amini A, Osborn AG, McCall TD, Couldwell WT. 

Remote cerebellar hemorrhage. Am J Neuroradiol. 
2006; 27: 387–390. DOI: https://doi.org/10.1016/
S0098-1672(08)70477-6

	 2.	Numaguchi D, Wada K, Yui M, Tamaki R, 
Okazaki K. Incidence of remote cerebellar hemor-
rhage in patients with a dural tear during spinal sur-
gery: A retrospective observational analysis. Spine 
Surg Relat Res. 2019; 3(2): 141–145. DOI: https://
doi.org/10.22603/ssrr.2018-0019

	 3.	Yilmaz B, Isik S, Eksi MS, et al. Multiple hemorrhages 
in brain after spine surgery supra- and infra-tento-
rial components together. Journal of Cranioverte-
bral Junction and Spine. 2015; 6(4): 223–226. DOI: 
https://doi.org/10.4103/0974-8237.167890

	 4.	Thomas G, Jayaram H, Cudlip S, Powell M. 
Supratentorial and infratentorial intraparen-
chymal hemorrhage secondary to intracra-
nial CSF hypotension following spinal surgery. 
Spine. 2002; 27: 410–412. DOI: https://doi.
org/10.1097/00007632-200209150-00023

	 5.	Bowers CA, Taussky P, Duhon BS, Schmidt MH. 
Multiple supra- and infratentorial intraparenchy-
mal hemorrhages presenting with seizure after 
massive sacral cerebrospinal fluid drainage. Spine. 
2011; 36: E288–91. DOI: https://doi.org/10.1097/
BRS.0b013e3181f9b10f

	 6.	You SH, Son KR, Lee NJ, Suh JK. Remote 
cerebral and cerebellar hemorrhage after massive 
cerebrospinal fluid leakage. J Korean Neurosurg Soc. 
2012; 51: 240–3. DOI: https://doi.org/10.3340/
jkns.2012.51.4.240

	 7.	Khalatbari MR, Khalatbari I, Moharamzad Y. 
Intracranial hemorrhage following lumbar spine 
surgery. Eur Spine J. 2012; 21: 2091–96. DOI: 
https://doi.org/10.1007/s00586-012-2187-1

	 8.	Cevik B, Kirbas I, Cakir B, Akin K, Teksam M. 
Remote cerebellar hemorrhage after lumbar spine 
surgery. Eur J Radiol. 2009; 70: 7–9. DOI: https://
doi.org/10.1016/j.ejrad.2008.01.004

	 9.	Pham MH, Tuchman A, Platt A, Hsieh PC. 
Intracranial complications associated with spinal 
surgery. Eur Spine J. 2016; 25: 888–894. DOI: 
https://doi.org/10.1007/s00586-015-4241-2

	 10.	Brockmann MA, Nowak G, Reusche E, Russlies 
M, Petersen D. Zebra sign: cerebellar bleeding 
pattern characteristic of cerebrospinal fluid loss. 
Case report. J Neurosurg. 2005; 102(6): 1159–62. 
DOI: https://doi.org/10.3171/jns.2005.102.6.1159

	 11.	Worm PV, Dalla-Corte A, Brasil AVB, et al. 
Cerebellar hemorrhage as a complication of spine 
surgery. Surg Neurol Int. 2019; 10(85). DOI: https://
doi.org/10.25259/SNI-121-2019

Figure 2: Patient 2. (A, B) Sagittal lumbar CT images 
show the L4-L5-S1 posterior arthrodesis (arrow) and 
implementation of L4-L5 disc prosthesis (*); (C) Axial 
CT image at the L5-S1 level shows a catheter at the site 
of the laminectomy (arrowhead). (D–F): Axial brain CT 
images show a tiny right cerebellar hematoma (D, *), 
diffuse subarachnoid hemorrhage (E, F, arrows), a left 
interhemispheric subdural hematoma (F, arrowhead) 
and a parasagittal left superior frontal intraparenchy-
mal hematoma (F, *).
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