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a b s t r a c t 

Atypical meningioma (AM) (WHO-II) has a recurrence rate of 28% after gross total resection 

(GTR) with limited salvage options. Transarterial therapies may provide treatment oppor- 

tunities in AM patients who exhausted standard-of-care therapy. In cases where favorable 

tumor vasculature and particle simulation demonstrate acceptable target dose, Yttrium- 

90 trans-arterial radioemobilization (TARE) could theoretically provide salvage therapy. 

A 67-year-old man presented with recurrent AM post gross total resection with adju- 

vant radiotherapy in 2012, 2014, and 2016. The patient was deemed a poor candidate for 

additional therapies. Tumor vasculature mapping was performed to determine TARE can- 

didacy. Super-selective angiography and contrast-enhanced cone-beam computed tomog- 

raphy angiosomes demonstrated predominant pial collaterals and minor supply from a 

middle meningeal artery branch. Particle simulation was performed by infusing 0.3 mCi of 

99mTc-macroaggregated albumin (99mTc-MAA). SPECT/CT-MRI fusion demonstrated con- 

formal activity solely within the tumor volume perfused by the middle meningeal artery 

branch with a lung shunt fraction of 54.7%. The patient subsequently received off-label 

Nivolumab (PD-1 inhibitor). Mapping angiography for AM using 99mTc-MAA is feasible. It 

may identify candidates for TARE and potential AM patients with favorable blood supply. 

The potential for conformal intracranial vascular brachytherapy is intriguing, however, al- 

tered arterial supply in recurrent tumors is challenging. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Meningioma is the most common primary intracranial tumor.
According to the World Health Organization (WHO), menin-
gioma is classified into 3 groups: WHO grade I (benign), II
(atypical), and III (anaplastic) with grade II prevalence and re-
currence rates reported at 5%-34% and 20%-50%, respectively
[1 ,2] . Recurrent atypical meningiomas (AM) are particularly
aggressive. Conventional treatment includes repeat resection,
external beam radiotherapy, and systemic therapy with a me-
dian survival of approximately 34.6 months and a 5-year sur-
vival of 36% [3 ,4] . There is no consensus on the optimal treat-
ment strategy for this patient population, and each therapy
has unique limitations. 

The deficiencies of available treatments for recurrent AM
have driven the need for exploring new therapies. Ablative
transarterial radioembolization (TARE) with Yttrium-90 (90Y)
containing microspheres has emerged as a safe and effective
therapy for unresectable hepatocellular carcinoma (HCC) and
is one of several locoregional therapies recommended by the
American Association for the Study of Liver Disease [5] . The
hypervascular nature of most HCC allows for preferential
transarterial deposition of radioactive microspheres into the
tumor vascular bed, delivering high dose brachytherapy while
effectively sparing adjacent structures. TARE for HCC has
demonstrated ablative capabilities with complete pathologic
necrosis rates of greater than 50% at > 190 Gy in segmen-
tal applications for tumors ≤3 cm [6 ,7] . Segmental ablative
TARE for lesions ≤5 cm has shown comparable outcomes
to establish definitive therapies in patients with preserved
liver function [8] . Patient selection for ablative TARE in the
treatment of HCC is predicated on favorable arterial supply
to tumor and an expendable volume of liver within the
targeted angiosome. TARE candidacy has been convention-
ally determined via mapping angiography with the use of
potential treatment vessel contrast-enhanced cone beam
computed tomography (CT) and transarterial administration
of Technetium-99m macro aggregated albumin (99mTc-MAA)
SPECT-CT scintigraphy. As previously discussed by Salem et al
in 2006, meningiomas that are safely accessed angiograph-
ically could potentially be considered for TARE [9] . Herein
presented is a feasibility report on the mapping angiography
and transarterial 99mTc-MAA particle simulation of recurrent
AM. 

Case report 

This report was performed in accordance with institutional
review board guidelines. A 67-year-old right-handed man with
history of left frontotemporal AM presented with local recur-
rence per MRI. He previously underwent gross total resection
with adjuvant radiotherapy in 2012, 2014, and repeat gross
total resection in 2016. A multidisciplinary team deemed the
patient a poor candidate for additional surgery or radiother-
apy. Given the hypervascular nature of AM, tumor vasculature
mapping angiography was performed to determine TARE
candidacy. Superselective angiography and concurrent cone
beam CT acquisition of both intra- and extracranial AM
angiosomes demonstrated extensive truncation of middle
meningeal branches due to previous resection, predominant
recruitment of pial tumor supply, and focal tumor supply
originating from a distal left middle meningeal artery branch
( Fig. 1 ). There was no extracranial enhancement identified
from either selected blood vessel. Particle simulation was per-
formed by infusing 1 cc of a 0.3 mCi of 99Tc- MAA saline sus-
pension via the middle meningeal artery branch (use of this
agent was off-label). The patient tolerated the procedure well.
Subsequent SPECT-CT/MRI fusion demonstrated conformal
activity solely within the volume of middle meningeal artery
perfused tumor ( Fig. 2 ). No activity was identified within the
recurrent tumor located along the brain interface confirming
its supply from the intracranial vasculature rather than the
middle meningeal artery. The lung shunt fraction was 54.7%.
Given the large volume of pial tumor supply, the patient
was treated with off-label Nivolumab (Ono Pharmaceutical)
therapy and expired 7 months after treatment. Consent for
publication was obtained form the patient’s next of kin. 

Discussion 

Resection, external beam radiotherapy, and systemic therapy
represent the current standard of care for AM. Unfortunately,
there are limitations to all 3 modalities with high rates of re-
currence. Preoperative meningioma embolization is routinely
practiced and there is some evidence to support the pursuit
for definitive transarterial embolic therapy in select patients
[10] . Although meningiomas and HCC are histopathologically
different tumors, both are typically radiosensitive and hyper-
vascular. Therefore the concept of transarterial brachytherapy
for recurrent AM refractory to standard treatment is intrigu-
ing.[11 ,12] , therefore, the concept of transarterial brachyther-
apy for recurrent AM refractory to standard treatment is
intriguing. An established advantage of brachytherapy over
stereotactic radiosurgery lies in its highly conformal energy
deposition with zero entry dose. This property could allow for
treatment of tumors adjacent to critical structures which have
already received the maximum external beam radiation dose
with ablative intent. 

The other limitation to TARE is pulmonary radiation dose
occurring as a result of arteriovenous shunting within the tu-
mor. Mariani et al performed planar scintigraphic analysis of
pulmonary shunts in meningiomas via transarterial injection
of 99mTc-MAA with a calibrated diameter of 25–50 microns
demonstrating shunt rates of less than 5% in 9 of 11 tumors
(range 0%–86%), but recurrent AM was not included in the
study [13] . While the lung shunt in this report was sizeable at
54.7%, the small target tumor volume (13 cc) would permit up
to an 1800 Gy (1.06 Gigabecquerel) Medical Internal Radiation
Dose administration and remain within the glass micro-
sphere manufacturer recommendations for a single session
lung dose (30 Gy). This report incorporates conventional
angiography with the added data of contrast-enhanced cone
beam CT and SPECT-CT/MRI fusions to improve the under-
standing of recurrent AM blood supply and its intratumoral
particle dynamics [14] . While a volume of potentially treatable
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Fig. 1 – Selective angiography of the left middle meningeal artery (A) demonstrates truncation due to previous resection and 

focal supply to intracranial AM (Asterisk). Contrast enhanced cone beam CT (B) fusion of the intracranial (orange tint) and 

middle meningeal (asterisk and white tint). Pial angiosomes within the middle cranial fossa (yellow highlighted region) and 

meningeal supply to the tumor (red highlighted region) (C). 

Fig. 2 – SPECT-CT/MRI Coronal native (A), coronal fused (B), and axial fused (C) images demonstrate 99mTc-MAA activity 

solely within the tumor perfused by the middle meningeal artery. Note the highly conformal deposition of sphere activity 

simulating brachytherapy (white arrows) and absence of uptake within the pial supplied tumor (blue arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tumor was identified, the recruitment of pial collaterals and
the truncations of meningeal supply to heavily pretreated
AM identified in this case may represent the main limitation
to transarterial therapies in this disease population. As such,
while TARE candidacy of an untreated meningioma was not
evaluated, native vascular supply may provide more favorable
conduit for brachytherapy. Although tumors should not be
routinely engaged unless complete therapy can be offered,
vascular truncation may not limit the transarterial delivery of
molecular agents or the partial treatment of tumor, perhaps
as a means of antigen presentation to augment the effects of
immunotherapy [15] . If pial blood supply should be targeted
for TARE, the eloquence of a potential treatment angiosome
would need to be assessed prior to treatment. This could
be potentially accomplished with contrast-enhanced cone
beam CT fused with functional neuroimaging. Neverthe-
less, the complexity of blood supply identified in this case
highlights the added value of mapping angiography and
99mTc-MAA simulation. Other limitations to this report
include a single case analysis and the current lack of a more
accurate treatment surrogate for glass microspheres. The
99mTc-MAA particles used in this report ranged from 10 to
100 microns while the Mariani et al study [13] used more
precisely calibrated aggregates and suggested that treatment
of meningiomas could be considered with particles of equal
or greater size (glass and resin 90Y microspheres range from
20-30 microns to 20-60 microns, respectively). 

Mapping angiography and particle simulation of recur-
rent atypical intracranial meningioma for potential vascular
brachytherapy is feasible. The concept of radioembolization is
intriguing in this hypervascular tumor. Altered arterial sup-
ply in heavily pretreated tumors may present a disadvantage
to transarterial therapies. A better understanding of angioar-
chitecture and the application of multimodality imaging to
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asses flow patterns and functional significance may allow for
more effective targeted therapies for an otherwise untreatable
disease. 

R E F E R E N C E S  

[1] Commins DL, Atkinson RD, Burnett ME. Review of 
meningioma histopathology. Neurosurg Focus 2007;23(4):E3. 
doi: 10.3171/foc-07/10/e3 .

[2] Modha A, Gutin PH. Diagnosis and treatment of atypical and 

anaplastic meningiomas: a review. Neurosurgery 
2005;57(3):538–50. doi: 10.1227/01.neu.0000170980.47582.a5 .

[3] Chen WC, Hara J, Magill ST, Wu A, Aghi MK, 
Theodosopoulos PV, et al. Salvage therapy outcomes for 
atypical meningioma. J Neurooncol 2018;138(2):425–33. 
doi: 10.1007/s11060- 018- 2813- 9 .

[4] Zhang G, Zhang Y, Zhang G, Li D, Wu Z, Wang Y, et al. 
Outcome and prognostic factors for atypical meningiomas 
after first recurrence. J Clin Neurosci 2019;63:100–5. 
doi: 10.1016/j.jocn.2019.01.032 .

[5] Marrero JA, Kulik LM, Sirlin CB, Zhu A, Finn R, Abecassis M, 
et al. Diagnosis, Staging, and Management of Hepatocellular 
Carcinoma: 2018 Practice Guidance by the American 

Association for the Study of Liver Diseases. Hepatology 
2018;68(2):723–50. doi: 10.1002/hep.29913 .

[6] Vouche M, Habib A, Ward TJ, Kim E, Kulik L, Ganger D, et al. 
Unresectable solitary hepatocellular carcinoma not 
amenable to radiofrequency ablation: multicenter 
radiology-pathology correlation and survival of radiation 

segmentectomy. Hepatology 2014;60(1):192–201. 
doi: 10.1002/hep.27057 .

[7] Ahmed AF, Samreen N, Grajo JR, Zendejas I, Sistrom C, 
Collinsworth A, et al. Angiosomal radiopathologic analysis of
transarterial radioembolization for the treatment of 
hepatocellular carcinoma. Abdom Radiol (NY) 
2018;43(7):1825–36. doi: 10.1007/s00261- 017- 1354- 6 .
[8] Lewandowski RJ, Gabr A, Abouchaleh N, Ali Rehan, Al 
Asadi A, Mora RA, et al. Radiation Segmentectomy: Potential 
Curative Therapy for Early Hepatocellular Carcinoma. 
Radiology 2018;287(3):1050–8. doi: 10.1148/radiol.2018171768 .

[9] Salem R, Thurston KG. Radioembolization with 90Yttrium 

microspheres: a state-of-the-art brachytherapy treatment for
primary and secondary liver malignancies. Part 1: Technical 
and methodologic considerations. J Vasc Interv Radiol 
2006;17(8):1251–78. doi: 10.1097/01.rvi.0000233785.75257.9a .

[10] Bateman BT, Lin E, Pile-Spellman J. Definitive embolization of
meningiomas. A review. Interv Neuroradiol 
2005;11(2):179–88. doi: 10.1177/159101990501100210 .

[11] Vera E, Iorgulescu JB, Raper DMS, Madhavan K, Lally BA, 
Morcos J, et al. A review of stereotactic radiosurgery practice 
in the management of skull base meningiomas. J Neurol Surg
B Skull Base 2014;75(3):152–8. doi: 10.1055/s- 0033- 1354747 .

[12] Williams BJ , Salvetti DJ , Starke RM , Yen CP , Sheehan JP . 
Stereotactic radiosurgery for WHO II and III meningiomas: 
analysis of long-term clinical and radiographic outcomes. J 
Radiosurg SBRT 2013;2(3):183–91 .

[13] Mariani L, Haldemann AR, Schroth G. Arteriovenous shunt 
measurement during endovascular therapy for cerebrospinal
lesions. AJNR Am J Neuroradiol 1997;18(9):1679–89. 
http://www.ajnr.org/content/ajnr/18/9/1679.full.pdf.

[14] Kim Y Il, Lee DH, Cho CB, Yang SH, Kim I, Hong JT, et al. The 
Usefulness of Dual-Volume Visualization 

(Three-Dimensional Digital Subtraction Angiography and 

Cross-Sectional Imaging) for Surgical Planning in Treating 
Intracranial Meningiomas: A Case Series and Technical 
Report. World Neurosurg 2019;122:e59–66. 
doi: 10.1016/j.wneu.2018.09.046 .

[15] Buchwald ZS, Wynne J, Nasti TH, Zhu S, Mourad WF, Yan W, 
et al. Radiation, Immune Checkpoint Blockade and the 
Abscopal Effect: A Critical Review on Timing, Dose and 

Fractionation. Front Oncol 2018;8:612. 
doi: 10.3389/fonc.2018.00612 .

https://doi.org/10.3171/foc-07/10/e3
https://doi.org/10.1227/01.neu.0000170980.47582.a5
https://doi.org/10.1007/s11060-018-2813-9
https://doi.org/10.1016/j.jocn.2019.01.032
https://doi.org/10.1002/hep.29913
https://doi.org/10.1002/hep.27057
https://doi.org/10.1007/s00261-017-1354-6
https://doi.org/10.1148/radiol.2018171768
https://doi.org/10.1097/01.rvi.0000233785.75257.9a
https://doi.org/10.1177/159101990501100210
https://doi.org/10.1055/s-0033-1354747
http://refhub.elsevier.com/S1930-0433(20)30359-9/sbref0012
http://refhub.elsevier.com/S1930-0433(20)30359-9/sbref0012
http://refhub.elsevier.com/S1930-0433(20)30359-9/sbref0012
http://refhub.elsevier.com/S1930-0433(20)30359-9/sbref0012
http://refhub.elsevier.com/S1930-0433(20)30359-9/sbref0012
http://refhub.elsevier.com/S1930-0433(20)30359-9/sbref0012
http://www.ajnr.org/content/ajnr/18/9/1679.full.pdf
https://doi.org/10.1016/j.wneu.2018.09.046
https://doi.org/10.3389/fonc.2018.00612

	Mapping angiography and transarterial technetium macroaggregated albumin particle simulation of recurrent atypical intracranial meningioma: feasibility for potential vascular brachytherapy
	 Introduction
	 Case report
	 Discussion
	 References


