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Absence of residual tumor tissue after Gamma Knife radiosurgery followed by
resection of a vestibular schwannoma: illustrative case
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BACKGROUND Late pathology after vestibular schwannoma radiosurgery is uncommon. The authors presented a case of a resected hemorrhagic
mass 13 years after radiosurgery, when no residual tumor was found.
OBSERVATIONS A 56-year-old man with multiple comorbidities, including myelodysplastic syndrome cirrhosis, received Gamma Knife surgery for a
left vestibular schwannoma. After 11 years of stable imaging assessments, the lesion showed gradual growth until a syncopal event occurred 2 years
later, accompanied by progressive facial weakness and evidence of intralesional hemorrhage, which led to resection. However, histopathological
analysis of the resected specimen showed hemorrhage and reactive tissue but no deﬁnitive residual tumor.
LESSONS This case demonstrated histopathological evidence for the role of radiosurgery in complete elimination of tumor tissue. Radiosurgery for
vestibular schwannoma carries a rare risk for intralesional hemorrhage in select patients.
https://thejns.org/doi/abs/10.3171/CASE21614
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Stereotactic radiosurgery leads to tumor growth arrest and gradual reduction in tumor volume for most patients who undergo the
procedure for a vestibular schwannoma. Postradiosurgery resection
is uncommon and is usually performed for clear tumor recurrence.
Pathology almost invariably shows recurrent tumor with reactive
changes, including mixed chronic inﬂammatory effects and abnormal vasculature with focal proliferation.1–3 Although tumors can
show signiﬁcant tumor regression on high-quality imaging, complete
regression of a tumor is rare after radiosurgery. Resection is usually not required; therefore, histological or autopsy analyses of
post–Gamma Knife surgery tissues are rarely available.2 Intratumoral
hemorrhage is rare and can occur as part of the response to radiosurgery, more frequently in patients with a coagulation disorder. In this
report, we provide details regarding a patient after radiosurgery who
developed an intralesional hemorrhage. The hemorrhage was resected
without evidence of a residual tumor, suggesting that expansion was
solely due to the hemorrhage and reactive tissue.

Illustrative Case
The patient was a 56-year-old man who was diagnosed with a
left vestibular schwannoma that presented with left-sided tinnitus
and hearing loss (Fig. 1). He had multiple comorbidities, including
hypertension, diabetes mellitus, myelodysplastic syndrome, and a
liver transplant for cirrhosis that required immunosuppression. The
patient was not a suitable candidate for resection, and in 2007, the
lesion was treated with 13 Gy Gamma Knife surgery. Serial imaging
displayed tumor control for 11 years until a scan showed a slight
asymptomatic interval increase.
Meanwhile, the patient developed non-Hodgkin lymphoma, which
was treated with rituximab, accompanied by anemia, thrombocytopenia, and leukopenia that required treatments with colony-stimulating factors and erythropoietin alpha. He also developed paraparesis
with a plausible diagnosis of transverse myelitis, which required him
to use a wheelchair. Anticoagulation for deep vein thrombosis (DVT)
prophylaxis was initiated.
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FIG. 1. Magnetic resonance imaging of the patient’s left vestibular
schwannoma on the day of radiosurgery (A, with contrast) and 13
years later, on the day of hemorrhagic mass expansion (B, without
contrast).

Thirteen years after radiosurgery, he presented after a syncopal
episode and persistent left ear pain. Computed tomography of his
head demonstrated slight mass effect on brachium pontis with atypical calciﬁcation. He also developed left-sided facial spasm, which
progressed to weakness despite steroid treatment. Several days
later, another interval increase was documented, this time with
associated precontrast T1 enhancement, which was suggestive of
hemorrhage. Despite decreasing anticoagulant therapy, further
expansion of the hemorrhagic lesion was noted, together with worsening facial weakness. He received a House-Brackmann grade of
IV, which was accompanied by a left-sided facial numbness in the
V2 and V3 distributions (Fig. 1). Because of the clinical deterioration, a translabyrinthine approach was subsequently performed for
surgical removal, with the addition of facial reanimation surgery.
The patient recovered well, and the pathological specimen revealed
a mixture of acute and remote hemorrhage, reactive granulation tissue
with abundant ﬁbroblasts, and rare scattered S-100–positive cells but
without deﬁnitive vestibular schwannoma (Fig. 2).

Discussion
Here we describe an unusual case of a vestibular schwannoma
that was treated by radiosurgery and developed delayed intralesional hemorrhage, necessitating its resection. It provided a unique
insight into the histopathological ﬁndings of postradiosurgery specimens as well as the evolution of hemorrhages in vestibular schwannoma lesions and their risk factors.

Observations
Although histopathology after radiosurgery is not frequently
accessible, a few studies have described the ﬁndings of postradiosurgical specimens. Many promote theories of a dose- and timedependent pattern of changes in treated tissue, in which postradiosurgery tumor changes occur over months to years after treatment.1,2,4–6 In the months after radiosurgery, coagulation necrosis,
apoptosis, interstitial edema, and reactive astrogliosis occur. A variety of vascular changes and sometimes less predictable adverse
events, including cysts and aneurysms, may occur.2,7,8 In the
delayed phase, scar tissue begins to replace the coagulation necrosis.1,9,10 Notably, our patient’s pathology showed marked ﬁbroblastic
scarring process, which was nevertheless disrupted by the acute
hemorrhage, leading to fresh granulation tissue.

FIG. 2. Histology of granulation tissue. A: H&E stain at 20 magniﬁcation of myoﬁbroblasts with vascular proliferation and histiocytic
inﬂammation consistent with granulation tissue. B–D: Immunohistochemical stains show that few residual cells express S100 (B), myoﬁbroblasts within the granulation tissue express SMA (C), and
extensive histiocytic inﬂammation is highlighted by CD168 (D).

Intratumoral hemorrhage can occur in both naïve and treated
vestibular schwannomas, in which tumor growth control rates
exceed 90% after radiosurgery.11 Various descriptions of vestibular
schwannomas with intratumoral hemorrhage have been reported,
and they typically present with acute symptom progression,9,10,12–15
including headache, disequilibrium, and rapidly progressive hearing
loss.10,16 Although less common, facial and trigeminal nerve deﬁcits
can also occur. Management is based on the urgency of the situation.17 In our high-risk surgical patient who initially was stable, the
primary choice was observation. As clinical and radiological deterioration occurred, we opted for surgical intervention.
The evolution of rare intralesional hemorrhage in vestibular
schwannoma has been previously studied. Sughrue et al. found
that many tumors contained microhemorrhages.5 Of the specimens
studied, 23% were composed of blood in more than a quarter of
the volume, and hemorrhage comprised more than half of the volume in 4% of tumors. The histopathological analysis by Liu et al.
agreed with the high rate of intratumoral microhemorrhage, mentioning that hemosiderin deposition occurred in more than half of
the 18 schwannomas analyzed.1 Although microhemorrhages in
vestibular schwannoma are frequent, a larger hemorrhage and
continued bleeding, as in the case of our patient, likely require a
secondary factor. A two-hit phenomenon has been discussed in
previous reports of vestibular schwannoma with intratumoral hemorrhage. Niknafs et al. summarized several extratumoral factors
that could exacerbate microhemorrhages, including hypertension,
pregnancy, head trauma, and antithrombotic agents.10,16 In our
patient, underlying radiation changes could provide the initial hit,
which was exacerbated by secondary factors, most notably
numerous hematological comorbidities, including immunosuppression for his liver transplant, non-Hodgkin lymphoma, myelodysplastic syndrome and low platelets, and anticoagulation for DVT
prophylaxis. According to the study by Carlson et al., there could
be a predicted 25-fold increased risk of intratumoral hemorrhage
in persons with compromised coagulation.16
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Lessons
Our case demonstrates histopathological evidence of a virtually complete regression of vestibular schwannoma after radiosurgery with reactive changes. However, radiosurgery for vestibular
schwannoma carries a potential risk for intralesional hemorrhage,
which may be more pronounced in patients with hematological
comorbidities.
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