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BACKGROUND Symptomatic cerebral vasospasm following posterior fossa intra-axial tumor resection is a rare phenomenon with only seven cases
previously reported in the literature. The condition appears distinct to vasospasm following supratentorial tumor resection and extra-axial tumor
resection of the posterior fossa. It shares, however, similarities with vasospasm following aneurysmal subarachnoid hemorrhage.

OBSERVATIONS The authors describe their experience with a 23-year-old female who developed delayed symptomatic vasospasm following
resection of a left parapontine cerebellar hemangioblastoma. Tumor resection was complicated by rupture of a fragile arterialized vein, resulting in
significant hemorrhage. The patient developed several episodes of focal and variably reversible neurological deficit. These clinical signs corresponded
with angiographically confirmed vasospasm, which responded to standard therapies for vasospasm post aneurysmal subarachnoid hemorrhage.

LESSONS This case and literature review highlight that symptomatic vasospasm is a rare, potentially highly morbid complication of posterior fossa
intra-axial tumor resection. This phenomenon may be related to significant intraoperative or postoperative hemorrhage. Postoperative radiological
findings such as high risk modified Fisher scale hemorrhage could alert clinicians to this condition.

https://thejns.org/doi/abs/10.3171/CASE21492
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Although a well-known and highly morbid complication of aneu-
rysmal subarachnoid hemorrhage (aSAH), cerebral vasospasm has
been reported as a rare complication of intracranial tumor resection,
with 40 cases identified in a 2013 systematic review.1 Since this
time a greater appreciation for this phenomenon has occurred, and
further cases have been reported. Our literature review sourcing
English articles from PubMed until December 3, 2021 has identified
19 cases2–17 of symptomatic vasospasm following posterior fossa
tumor resection, as well as two case series of asymptomatic vaso-
spasm documenting a total of 70 cases.18,19 Overall, a minority of
these cases occur following resection of intra-axial posterior fossa
tumors, with only seven cases reported.2–8 The characteristics of
vasospasm observed in cases of intra-axial posterior fossa tumor

resection differs from those seen in tumor resection at other sites.
All cases were symptomatic, and vasospasm occurred bilaterally
and involved vascular territories remote to the surgical resection.
This remote and diffuse distribution of vasospasm is less commonly
observed in vasospasm associated with extra-axial and supratento-
rial tumor resections.1 Moreover, factors such as hypothalamic dys-
function20 and intraoperative vessel manipulation,21,22 which are
associated with vasospasm following supratentorial and extra-axial
tumor resection, were not described in the intra-axial posterior fossa
cases. The unique manifestations and rarity of vasospasm following
intra-axial posterior fossa tumor resection lends to delays in recog-
nition, which may be associated with worse outcomes.12 We
describe our experience with an additional case, in which a patient
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developed delayed and aggressive cerebral vasospasm following
resection of a posterior fossa hemangioblastoma.

Illustrative Case
An independent 23-year-old female with unremarkable medical

history presented with a 12-month history of progressive head-
aches. Magnetic resonance imaging (MRI) scan identified a large
left parapontine cerebellar lesion with a contrast enhancing mural
nodule and a smaller medially located cyst consistent with a
hemangioblastoma (Fig. 1A). There were no other lesions identified
on imaging her whole neuraxis. The tumor was approached via a
left retrosigmoid craniotomy. The tumor was highly vascular with
multiple draining arterialized veins; all peripheral arterial feeders
were systematically obliterated, and the tumor was resected en
bloc. Following tumor removal, a large fragile arterialized superior
petrosal vein ruptured, producing significant arterial hemorrhage,
with hemostasis ultimately achieved with packing and hemostatic
agents. There were no further intraoperative complications.

An immediate postoperative noncontrast computed tomography
(CT) scan was performed that demonstrated acute blood within her
basal cisterns, ventricular system, and a midline hematoma adja-
cent to the superior cerebellar vermis (Fig. 1B). Upon extubation

she was oriented and obeying commands but demonstrated a left
upper limb monoparesis and partial left sixth nerve palsy.

On postoperative day 6 the patient had a decline in conscious
state. Computed tomography angiogram (CTA) demonstrated vaso-
spasm of the left middle cerebral artery (MCA) territory (Fig. 2A).
The patient was readmitted to the intensive care unit (ICU) for
hypertensive therapy with return of consciousness.

Over the coming days the patient experienced fluctuating neuro-
logical function, with several episodes of acute neurological deteriora-
tion attributed to angiographically confirmed vasospasm in bilateral
anterior and posterior circulation territories (Fig. 2B and C). Nimodi-
pine delivered via nasogastric tube, direct injection of intra-arterial
verapamil with invasive angiography, and microcatheter angioplasty
were used with varying success to manage the episodes of vaso-
spasm. Noradrenaline and saline infusion were used to maintain a
mean arterial pressure of >100 mm Hg in the ICU. The patient ulti-
mately demonstrated gradual clinical improvement and was trans-
ferred to a general ward on postoperative day 23. The patient was
discharged to a rehabilitation facility on day 38 with modified Rankin
scale (mRS) 4 graded disability. Outpatient follow-up at 3 months
identified a stable level of disability.

Discussion
Cerebral vasospasm following tumor resection is a rare phenom-

enon. Nineteen cases of symptomatic cerebral artery vasospasm
have been detected from tumor resection in the posterior fossa
(Tables 1 and 2). Seven of these cases follow the resection of
intra-axial tumors. There are several proposed mechanisms for this
phenomenon. High arterial blood load in the subarachnoid space,23

hypothalamic dysfunction, and vessel injury or manipulation12 are
suggested in the literature. Vascular encasement and manipulation
are believed to be more relevant to extra-axial tumor resection, and
hypothalamic insult is considered to have a greater role in vaso-
spasm following suprasellar and middle cranial fossa resection.1

Vasospasm following posterior fossa intra-axial tumor resection
appears to be related to high-volume arterial subarachnoid hemor-
rhage, drawing similarities with vasospasm following aSAH. In
aSAH, the release of vasoactive arterial blood products into the
cerebrospinal fluid is thought to irritate both local and distant vascu-
lature.24 Complex interactions then promote vasospasm25 that
largely manifests 3 to 14 days following aSAH.26 The presence of

FIG. 1. A: Preoperative magnetic resonance axial section demonstrat-
ing tumor enhancement adjacent to a well-circumscribed void region.
B: Immediate postoperative computed tomography axial section dem-
onstrating mFS 4 hemorrhage.

FIG. 2. A: Day 6 computed tomography angiogram with focal area of proximal left middle cerebral artery stenosis (red
arrow). B: Day 9 digital subtraction angiography showing minor vasospasm of the right carotid (red arrow). C: Day 7 angio-
graphic reconstruction demonstrating mild bilateral intracranial vertebral and basilar artery vasospasm (red arrow).
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vasospasm in vascular territories remote to the site of tumor resec-
tion, the time delay from surgery, and the high perioperative blood
load observed in some cases following intra-axial posterior fossa
tumor resection echoes vasospasm post-aSAH. Recognizing this
association may allow management strategies already utilized for
aSAH to be applied in select patients post-tumor resection.

Observations
Vasospasm was found to be bilateral in all seven previously

reported cases of vasospasm post intra-axial tumor resection, and
in the case we encountered. A comparatively smaller proportion of
vasospasm post extra-axial tumor resection occurred bilaterally,
with five9,13,14,16,17 of 12 cases demonstrating this. To the best of
our knowledge, neither direct vessel manipulation nor hypothalamic
injury occurred in these eight cases of vasospasm post intra-axial
tumor resection. Rather, three of these total eight cases identified
notable perioperative hemorrhage, each graded as equivalent to
modified Fisher scale (mFS) 4 by two members of our team
(Table 1).5,8 There is a 40% risk of clinical vasospasm in aSAH
with mFS 4 hemorrhage,27 and it is possible that the same degree of
perioperative hemorrhage following posterior fossa tumor resection
carries similar vasospasm risk. Of the three cases with mFS 4 equiv-
alent hemorrhage, two had hemangioblastoma related intraoperative
bleeding, and in the other case hemorrhage occurred on postopera-
tive day 2. Hemorrhage preceded recognition of vasospasm between
6 and 12 days in these cases, mirroring the interval between aSAH
and subsequent vasospasm frequently described.26

In the remaining five cases there was limited imaging-based evidence
of intraoperative hemorrhage. The authors in one case stated that their

postoperative imaging was potentially too late to detect subarachnoid
blood,2 and another described 100 mL of intraoperative bleeding related
to tumor resection.4 In both instances, the authors recognized hemor-
rhage as a potential etiology of vasospasm, and vasospasm was diag-
nosed at postoperative day 15 and 13, respectively. In the remaining
three cases, the authors denied the presence of significant perioperative
hemorrhage,3,6,7 instead proposing a potential paraneoplastic etiology in
one,7 and the release of tumor cyst products in another.6

In the 12 cases of symptomatic vasospasm following extra-axial
posterior fossa tumor resection (Table 2), there were five cases in
which significant perioperative hemorrhage was noted.10,13,15,17 In three
of these cases vasospasm occurred contralateral to the site of the
tumor resection,10,13,17 possibly supporting the mechanism of vasoac-
tive product release producing distant vasospasm. Furthermore, the
interval between vasospasm and hemorrhage ranged between three
and 14 days, echoing aSAH-related vasospasm. Notably, vessel mani-
pulation occurred in one of these cases, and may be responsible for
the early vasospasm seen on day 3.17 In the remaining eight cases in
which the presence of perioperative hemorrhage was not explicit, only
two gave evidence for a lack of hemorrhage. One stated that there
was minimal intraoperative bleeding,9 and the other provided a postop-
erative MRI demonstrating minimal hemorrhage.16 Despite no specific
mention of perioperative hemorrhage occurring in three individual
cases reported within one case series,12 the authors noted that intrao-
perative hemorrhage was marked in many of their cases. These
authors also observed that preoperative embolization was a statistically
significant risk factor for vasospasm and hypothesized that this may
result from a selection bias and predisposition to intraoperative hemor-
rhage in cases in which preoperative embolization is utilized.12

TABLE 1. Symptomatic vasospasm characteristics following intra-axial posterior fossa tumor resection

Authors & Year Tumor Type Sex Age

Postoperative Day
at Vasospasm
Diagnosis*

Intraoperative or Early
Postoperative Bleeding

as Evidenced by
Postoperative CT

Imaging
Relative Morbidity

at Last FU†

Brau et al.,
19862

Posterior fossa epidermoid
tumor

F 57 yrs 15 None evident Disability

Dalvi et al.,
20143

Grade IV medulloblastoma M 17 yrs 16 Insufficient information to
comment

Recovery

Gocmen et al.,
20214

Vermis & fourth ventricle
medulloblastoma

F 9 yrs 13 Insufficient information to
comment

Recovery

Jacob et al.,
20115

Grade II ependymoma M 23 yrs 12 mFS 4 Recovery

Kinoshita et al.,
20206

Hemangioblastoma F 62 yrs 1 None evident Disability

Lee et al.,
19987

Primitive neuroectodermal
tumor (PNET) with
epithelioid & neuronal
differentiation

F 15 mos 17 Insufficient information to
comment

Death

Prontera et al.,
20148

Hemangioblastoma (VHL) F 35 yrs 12 mFS 4 Disability

Present case Hemangioblastoma F 23 yrs 6 mFS 4 Disability

CT 5 computed tomography; FU 5 follow-up.
* Defined as day of angiographic confirmation of vasospasm.
† Compared to status preceding the first diagnosed episode of vasospasm.
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Despite a potential role of hemorrhage in symptomatic vaso-
spasm, this is not clearly evident in two case series of asymptom-
atic vasospasm post-posterior fossa tumor resection (Table 3).18,19

Together, the two series reported 70 cases, and identified younger
patient age, large tumor size, vessel encasement, and adhesion to
the brainstem or trigeminal nerve as risk factors for vasospasm.18,19

In one series (n 5 27), the role of hemorrhage was found to have
poor correlation with subsequent risk of vasospasm.18 In the other
study (n 5 43), cases with postoperative imaging demonstrating
hemorrhage were excluded from reporting.19

The experience from our case and the available literature suggests
that high-volume arterial blood within the subarachnoid space may con-
tribute to symptomatic vasospasm post-posterior fossa tumor resection.
In potential support of this are the observed similarities with vasospasm
following aSAH, such as the presence and extent of bleeding prior to
vasospasm and the time to onset and distribution of vasospasm. Re-
cognizing this connection may increase efforts to mitigate perioperative
hemorrhage. In instances in which hemangioblastoma is suspected, pre-
operative embolization may be considered to limit intraoperative hemor-
rhage. Preoperative embolization has well-recognized risks, with one
meta-analysis concluding that routine preoperative embolization is not
recommended for hemangioblastoma,28 however, benefit may be seen in
large tumors and those with targetable feeding vessels.29 Additionally,
preoperative endocrinological assessment may be indicated where there
is suspicion of Von Hippel-Lindau syndrome, as the presence of associ-
ated pheochromocytoma without appropriate precautions may precipitate
intraoperative hypertensive crisis and greater risk of intraoperative hem-
orrhage. Furthermore, routine strategies in the prediction and manage-
ment of post aSAH vasospasm could be used in select cases of tumor
resection in which large-volume perioperative hemorrhage is observed.

Lessons
Vasospasm is a rare, potentially highly morbid complication of

posterior fossa intra-axial tumor resection. It is possibly related to
significant perioperative hemorrhage with high arterial blood load.

Copious subarachnoid blood may alert clinicians to vasospasm fol-
lowing intra-axial posterior fossa tumor resection. Methods used in
the management of vasospasm post-aSAH may also be used to
recognize and manage this condition.
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location; 15
meningioma,
8 schwannomas, 2
neurenteric cysts, 2
not specified

12 M, 15
F; 44.5

Average
interval of
3.5 days

Vertebrobasilar
vasospasm in all
cases, 23 cases
identified by TCD
alone, 4 cases
confirmed w/ CTA

Vessel encasement
apparent in 12
cases

4 (14.8%) cases described
as having severe
(>600 mL)
intraoperative blood loss

Qi et al.,
201519

43 Acoustic neuroma
(laterality not
specified)

15 M, 28
F; 43.5

Median day of
detection
not specified

ICA, MCA, or ACA in
all patients,
identified by TCD

No comment made
by author

Authors note that blood loss
was<400 mL in all
patients; patients w/
evidence of
postoperative bleeding
on CTwere excluded
from analysis

ACA 5 anterior cerebral artery; CT 5 computed tomography; ICA 5 internal carotid artery; TCD 5 transcranial Doppler.
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