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Stereotactic radiosurgery is a commonly used method for treatment of trigeminal neuralgia. Radiation
has been known to be a factor in the later development of aneurysms. Aneurysms have been reported
to occur after radiation delivered in a variety of methods including both externally delivered radiation
radiosurgery and brachytherapy. We report here an incidence of a de novo aneurysm presenting follow-
ing radiosurgery treatment for trigeminal neuralgia. The patient was treated using frame-based LINAC
radiosurgery receiving 90 Gy to the mid cisternal extent of the nerve via a 4 mm conical collimator.
The patient presented with progressive hypoesthesia 11 years after treatment. Imaging evaluation
demonstrated the presence of an aneurysm abutting the treated trigeminal nerve. The aneurysm was suc-
cessfully coil embolized. The patient’s facial hypoesthesia, however, did not improve following emboliza-
tion. We believe that this is the first report of such an aneurysm occurring after radiosurgery for
trigeminal neuralgia. De novo aneurysms are a recognized long term complication of radiotherapy and
radiosurgery treatment. This report shows such aneurysms can occur with very small treatment volumes.
Late sensory changes following radiosurgery for trigeminal neuralgia should prompt workup for de novo
aneurysms as well as other late adverse radiation effects.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Stereotactic radiosurgery is a commonly used method for treat-
ment of medically refractory trigeminal neuralgia. It has a number
of compelling features including its minimally invasive technique
allowing for safe treatments in patients who are of advanced age
or poor medical risk. Complications are rare using small collima-
tors (4 mm) and doses up to 90 Gy [1–4]. The most common com-
plications resulting from trigeminal neuralgia radiosurgery include
facial hypoesthesia, dysesthesias, and keratoconjunctivitis.

Radiation has been known to be a factor in the later develop-
ment of aneurysms. Aneurysms have been reported to occur after
radiation delivered in a variety of methods including both exter-
nally delivered radiation and brachytherapy [5].

We report here an incidence of an aneurysm presenting
11 years following radiosurgery treatment for trigeminal neuralgia
and its management. We believe that this is the first report of such
an aneurysm occurring after radiosurgery for trigeminal neuralgia.
2. Case report

A 79 year old male with history of medically refractory left
sided trigeminal neuralgia presented to our service 2003 for con-
sultation. The patient’s pain was in the left V1 and V2 distribution.
The pain was poorly controlled despite a dose of 1800 mg of carba-
mazepine per day. Examination demonstrated no evidence of facial
hypoesthesia.

The patient elected for radiosurgery treatment. The patient
underwent application of stereotactic frame and linear accelerator
radiosurgery as previously described [6]. A dose of 90 Gy was
delivered via a 4 mm conical collimator to the proximal cisternal
extent of the trigeminal nerve (presented in Fig. 1).

The patient had an excellent pain free result and was able to
discontinue his medical therapy. Good relief occurred within 24 h
of the treatment. 18 months following his treatment, the patient
presented to the clinic for routine follow-up with complaint of
new mild hypoesthesia in the V1 and V2 distribution, confirmed
on examination. He maintained excellent relief of pain.
in Neu-
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Fig. 1. Non-contrast 3D-SPGR image obtained for treatment planning to left
trigeminal nerve. Isodose lines are 80% and 50%.
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32 months following treatment, the patient presented again to
the clinic for routine follow-up with continued pain-free result.
The previously seen hypoesthesia had improved. He maintained
an excellent result with no pain off of medications.

The patient was then lost to follow-up until 2012, nine years
following treatment, when the patient had decline of right sided
(contralateral) hearing. An MRI of the internal auditory canals
was obtained and was unremarkable (Fig 2). Review of the imaging
demonstrated no visible abnormalities in the vicinity of the left
trigeminal nerve.

The patient then presented in 2014, eleven years after treat-
ment, at the age of 90 years, complaining of a two-month course
of worsening numbness involving the entire left side of the face.
The patient was referred back to our service. An MRI with intra-
venous contrast was then ordered. The study demonstrated evi-
dence of a left sided mass at the trigeminal root entry zone (Fig
2). An MRA, demonstrated an 8 mm aneurysm of the superior cere-
bellar artery on the left side corresponding with the previously
identified mass.
Fig. 2. 3D-FIESTA and 3D-SPGR with contrast images two years prior to presentation (Pa
(Panel C and D) with demonstration of new lesion. Arrows demonstrates location of lef
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The patient then underwent angiography demonstrating an
aneurysm of the superior cerebellar artery. The patient then under-
went coil embolization. A total of 8 Hypersoft 3D coils (Microven-
tion, Tustin, California, USA) were placed resulting in occlusion of
the aneurysm (Fig. 3). The patient tolerated the procedure without
complications. Follow up MRA one year after the procedure
showed durable occlusion of the aneurysm.

Despite successful occlusion of the aneurysm, he continues to
have dense facial hypoesthesia. He remains otherwise pain free
and off of trigeminal neuralgia medications. Follow-up MRA one
year after embolization demonstrated no evidence of aneurysm
recanalization.
3. Discussion

The cause of trigeminal neuralgia remains poorly understood
and is likely due to a number of underlying factors. The association
between neurovascular conflict and trigeminal neuralgia is well
known to neurosurgeons, although it is becoming clear that neu-
rovascular conflict is neither necessary nor sufficient to the devel-
opment of trigeminal neuralgia [7]. Nevertheless, neurovascular
conflict is seen in most cases where radiosurgery is used for the
treatment of trigeminal neuralgia [8,9]. As such, conflicting vessels
may be commonly exposed to very high doses of radiation as a
consequence of treatment.

The effects of radiation on tissues are complex. The generation
of free radicals is thought to mediate the effects of radiation on tis-
sues via induction of apoptosis, prevention of cellular division via
DNA damage and induction of secondary inflammatory responses
[10]. The effects of radiosurgery on vasculature are understood to
involve intimal hyperplasia resulting in hyaline changes within
vessel walls. This often results in stenosis of vessels and reduction
of flow [11].

Radiation exposure of conflicting vessels involved in trigeminal
neuralgia treatments has been shown to result in variable inci-
dences of atherosclerosis and arachnoidal thickening in the region
of the radiosurgery treatment [12]. Despite these changes, which
are commonly seen, there have been no reports to this date in
the literature of either hemorrhage or cerebral infarction as a com-
plication of radiosurgery treatment for trigeminal neuralgia. A
study by Lorenzoni et al. involving 16 patients treated with radio-
surgery for trigeminal neuralgia followed for a mean of approxi-
mately two years demonstrated no incidences of superior
nels A and B). 3D-FIESTA and 3D-SPGR with contrast images at time of presentation
t trigeminal nerve and associated lesion.

tery aneurysm following radiosurgery for trigeminal neuralgia. J Clin Neu-
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Fig. 3. AP projection digital angiography prior to (Panel A) and following embolization (Panel B).
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cerebellar artery stenosis within the treatment volume and no evi-
dence of ischemia or stroke [13]. In two reports detailing results of
microvascular decompression for recurrence of pain following
radiosurgery, no aneurysmal dilatations were seen in over 70
patients reported [14,15], although varying degrees of arachnoidal
thickening, adhesions and atherosclerotic changes were seen.

De novo aneurysm formation has been reported following var-
ious radiation modalities. In their exhaustive review, Nanney et al.
found 70 de novo aneurysms reported in the literature [5]. This
includes radiosurgery for cerebral arteriovenous malformation
[16], acoustic neuroma (vestibular schwannoma) [17–19] and
meningioma[20,21]. Fractionated stereotactic radiotherapy has
also been reported as an antecedent to de novo formation of aneur-
ysm [22].

A number of reports have been accompanied by histological
analysis of resected aneurysm fragments with relatively uniform
results. Typical descriptions include intimal thickening, inflamma-
tory cell infiltration and fibrous degeneration [5]. Of interest, how-
ever, have been sporadic reports of use of radiosurgery for
treatment of cerebral aneurysms. Steiner et al. in 1993 had men-
tioned their use of radiosurgery for treatment of cerebral aneur-
ysms [23] and this has been recently attempted by others with
apparent success [24]. Use of this technique, however, is not
broadly embraced.

The relative rupture risk of radiation induced cerebral aneur-
ysms in comparison to spontaneously occurring aneurysms is
unknown. A number of reports in the literature, however, have
shown that these aneurysms can rupture leading to catastrophic
results. In a recent review of the literature, 55% of reported radia-
tion related aneurysms presented with hemorrhagic complications
and only 15% presented incidentally [5]. It would be prudent there-
fore to recommend that such aneurysms be treated upon
discovery.

Radiosurgery for neoplasms often requires lifetime patient
follow-up. In such cases, aneurysms may be detected on routine
imaging prior to development of symptoms allowing for early
intervention. Furthermore, radiosurgery for arteriovenous malfor-
mations may be associated with late complications such as radia-
tion necrosis and cyst formation suggesting that long term
imaging follow up is a reasonable option for patients who have
been treated for tumors [25].

For trigeminal neuralgia, however, imaging follow-up is not
routinely employed where patients have had excellent pain free
outcomes, such as in this report. The discovery of this aneurysm
11 years following treatment and two years following an apparent
normal MRI demonstrates that radiation related aneurysms may
occur over a relatively short time frame many years after the initial
treatment. The apparently low incidence of aneurysm formation
after trigeminal radiosurgery makes it difficult to recommend rou-
tine imaging follow up as the yield of actionable data may not jus-
Please cite this article in press as: Chen JCT et al. De novo superior cerebellar ar
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tify the cost and inconvenience of frequent imaging. Nevertheless,
patients may be made aware of the very small risk of permanent
disabilities or fatality as a long term potential complication of
trigeminal radiosurgery during the informed consent process. Late
occurring new neurological symptoms including sensory changes
should be a strong indication for follow up imaging.

While concerning, the overall incidence of aneurysm formation
is extremely low in comparison to the large numbers of patients
treated for various indications. This along with excellent patient
acceptance and preservation of quality of life continues to make
radiosurgery the initial treatment of choice for many patients pre-
senting with trigeminal neuralgia.
4. Conclusion

We describe here the first reported case of de novo aneurysm
formation after stereotactic radiosurgery for trigeminal neuralgia.
The patient was treated successfully with embolization. Imaging
should be used to evaluate patients presenting with late sensory
changes after trigeminal radiosurgery.
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