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Gamma Knife radiosurgery for cluster-tic syndrome unresponsive to medical
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BACKGROUND Cluster-tic syndrome is a disorder characterized by the coexistence of symptoms related to both cluster headache and trigeminal
neuralgia. Etiopathogenesis is not yet well defined. Medical treatment, including drugs for both cluster headache and trigeminal neuralgia, is the first
therapeutic choice, whereas more invasive treatments are indicated in the case of pharmacological therapy failure or in the presence of drug side
effects. To date, no randomized and/or large cohort trials describing Gamma Knife radiosurgery (GKRS) for cluster-tic syndrome are available, probably

due to the syndrome’s rarity.

OBSERVATIONS The authors describe the case of a 76-year-old woman with refractory cluster-tic syndrome who underwent GKRS with double target
(the retrogasserian portion of the trigeminal nerve and the sphenopalatine ganglion). The Numerical Rating Scale (NRS) of pain and the Barrow
Neurological Institute (BNI) pain intensity score before treatment were 7 (up to 10 during paroxysmal pain attacks) and V, respectively. At last follow-up,
24 months after GKRS, the patient had discontinued her pain medications and NRS and BNI pain scores were 1 and |, respectively. No trigeminal

sensory disorders were reported.

LESSONS The present case shows that GKRS, in selected cases, could be an effective treatment in patients with refractory cluster-tic syndrome.

https://thejns.org/doi/abs/10.3171/CASE2191

KEYWORDS cluster-tic syndrome; cluster headache; facial pain; Gamma Knife radiosurgery; trigeminal neuralgia

Cluster-tic syndrome is a rare and disabling disorder character-
ized by simultaneous and ipsilateral occurrence of cluster headache
attacks and trigeminal neuralgia, even though the two components
may occur asynchronously. Although cluster-tic syndrome has been
described since 1978," it was included in the International Classifi-
cation of Headache Disorders only in its third edition (ICHD-3).% In
most cases described in medical literature, there was no obvious
underlying structural brain lesion.

As stated in the ICHD-3, it is essential to recognize each condition
distinctly to assess a correct diagnosis, since the two types of syn-
dromes need separate treatments. Often, carbamazepine is effective for
trigeminal neuralgia, whereas methysergide, lithium, and verapamil may

be effective for cluster headache. As in other primary headaches, it may
often be necessary to test multiple combinations of drugs and to adjust
their dosages over time. Sometimes invasive procedures have been
adopted for the treatment of refractory cluster-tic syndrome, such as sec-
tion, thermocoagulation, and decompression of the trigeminal nerve in
neurovascular conflicts, and even sellar and parasellar tumor removal
has been reported to be associated with reduction of cluster frequency
or pain severity.>

Gamma Knife radiosurgery (GKRS) owns a well-established role
in the treatment of trigeminal neuralgia unresponsive to pain relief
medication.'®™ On the contrary, GKRS has shown moderate effi-
cacy in long-term pain control for cluster headache, with high rates

ABBREVIATIONS BNI = Barrow Neurological Institute; CT = computed tomography; GKRS = Gamma Knife radiosurgery; ICHD-3 = International Classification of
Headache Disorders Third Edition; MRI = magnetic resonance imaging; NRS = Numerical Rating Scale; SPG = sphenopalatine ganglion; V1 = first trigeminal branch;

V2 = second trigeminal branch.
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of trigeminal nerve dysfunction.'>"* To the best of our knowledge,
only one case report on GKRS for cluster-tic syndrome has been
published.” The authors described a complete resolution of pain,
but severe trigeminal nerve dysfunction appeared a few months
after treatment, causing clinical worsening. Conversely, we describe
a case of cluster-tic syndrome, refractory to multimodality treatment,
with an excellent outcome after GKRS.

lllustrative Case

History

A 76-year-old woman presented with refractory cluster-tic syn-
drome. The patient also reported being diagnosed with a nephritis,
of unknown nature in her childhood, and tuberculosis (40 years
before).

At the onset of symptoms, in 2014, the patient reported bouts of
severe short-lasting unilateral left facial pain, located in the second fri-
geminal region (V2), described as sharp and sudden and friggered by
chewing and cold water. The episodes lasted 1-2 minutes. Furthermore,
she sometimes experienced attacks of left severe orbital and temporal
pain associated with lacrimation, nasal congestion, and rhinorrhea last-
ing 20-120 minutes, occurring about once or twice per day for several
weeks. Seasonal recurrence was initially described. Three years after
the onset, she developed a persistent facial pain, located on the left
frontoorbital, zygomatic, and maxillary regions (first trigeminal branch
[V1] and V2), while still reporting attacks of excruciating pain with fron-
toorbital and temporal distribution associated with autonomic features.
The diagnosis of persistent ftrigeminal neuralgia and episodic cluster
headache was therefore made.

A cerebral magnetic resonance imaging (MRI) was performed in
2014 and 2019. A possible neurovascular conflict of the left trigemi-
nal nerve with the ipsilateral superior cerebellar artery, without
nerve displacement, was documented. No other pathological find-
ings were identified.

She underwent multiple treatment courses with carbamazepine,
lamotrigine, triptans, valproic acid, corticosteroids, oxygen, lithium,
and verapamil, achieving only temporary improvements. She subse-
quently underwent topical lidocaine infiltration and neuromodulation
with pulsate radiofrequency of the left infraorbital nerve, with tran-
sient and partial pain relief. However, she was unable to reduce her
pharmacological therapy.

Examination, Radiosurgical Procedure, and Postoperative
Course

At the time of presentation at our institution, the diagnosis of
cluster-tic syndrome was confirmed. Pain intensity was assessed
using the Barrow Neurological Institute (BNI) pain intensity score
and the Numerical Rating Scale (NRS) of pain. The patient reported
a BNI pain intensity value of V, and her chronic headache was
rated as 7 on the NRS, whereas paroxysms of pain were evaluated
as 10 on the same scale, with daily attacks of autonomic features
and no remission lasting for more than 1 year. No alterations at the
general and neurological examination were identified.

The patient was taking a combination of pregabalin (150 mg 3
times a day), phenytoin (100 mg 2 times a day), and oxycodone
(10 mg 2 times a day), as well as tramadol as needed. We pro-
posed GKRS or, as an alternative, microvascular decompression
due to the patients age and we explained the risks, potential
adverse effects, and limitations of both treatments. She preferred
GKRS due to its lower invasiveness.
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After positioning a stereotactic Leksell G frame (Leksell Elekta)
under local anesthesia, a brain MRI scan (three-dimensional T1-
and T2-weighted sequences) and a thin-slice computed tomography
(CT) scan of the head with localizer were obtained, coregistered,
and fused using the GammaPlan software (Elekta Instruments AB).
GKRS treatment was performed in January 2019 using the Leksell
Gamma Knife Perfexion (Elekta Instrument AB).

We chose to target both the retrogasserian portion of the trigem-
inal nerve and the sphenopalatine ganglion (SPG). The latter was
identified according to the previously described method using the
Vidian canal on CT scan as an anatomical landmark.'® The maxi-
mum dose (isodose 100%) for the trigeminal nerve and SPG was
80 Gy and 90 Gy via a 4-mm and 8-mm collimator, respectively. In
reference to the trigeminal nerve target, the shot was placed 7.2
mm from the brainstem emergence of the trigeminal nerve, and the
angle between the nerve and the pons was 43.6°. The maximal
dose to 10 mm? of the brainstem was 13.7 Gy. The integral dose of
the trigeminal nerve volume inside the 50% isodose line was 1.7
mJ, whereas the dose rate was 1.822 Gy/min. The treatment plan
is shown in Fig. 1.

Two weeks after treatment, the patient reported an initial im-
provement of pain, both chronic and paroxysmal, and no tramadol
assumption was required. Oxycodone and phenytoin dosages were
progressively reduced, and in April 2019, the patient was only tak-
ing pregabalin. Since then, the patient has reported complete pain
relief and disappearance of autonomic features; therefore, in June
2019, pregabalin was discontinued.

At the last follow-up, on January 2021, 24 months after treat-
ment, the patient reported being pain-free (BNI pain intensity score
of I and NRS score of 1) despite complete discontinuation of phar-
macological therapy. She underwent a brain MRI demonstrating no
contrast enhancement on the trigeminal nerve or brain stem. Nei-
ther facial paresthesia nor sensory loss was reported.

Discussion

Observations

Due to its rarity, the pathophysiology underlying cluster-tic syn-
drome is still not well understood. Some authors have suggested
that cooccurrence of trigeminal neuralgia and cluster headache
does not happen by chance but implies a common pathophysiologi-
cal substrate."'® On the other hand, Wilbrink et al.'® found that,
among patients diagnosed with cluster headache, 4.5% reported
attacks fulfilling the International Headache Society criteria for tri-
geminal neuralgia, a number exceeding trigeminal neuralgia’s prev-
alence in the general population. The attacks often occurred in the
V1 branch, which is less frequently affected in patients suffering
from trigeminal neuralgia and was rarely evoked by typical triggers
(chewing, pressure, etc.). The authors observed a good rate of
symptom improvement with medications typically used for cluster
headache and therefore rejected the hypothesis of a common
underlying mechanism causing trigeminal neuralgia and cluster
headache in their population. They interpreted the trigeminal pain
observed in some of their patients as part of the cluster headache
spectrum, suggesting a prominent role of the hypothalamus.?’

In the absence of precise knowledge about the pathogenetic
mechanism underlying cluster-tic syndrome, treatments for both tri-
geminal neuralgia and cluster headache are recommended.? Among
surgical treatments for cluster headache, the posterior hypo-
thalamus and ventral tegmental area are targets for deep brain



FIG. 1. GKRS treatment plan. A: MRI brain scans on axial, sagittal, and coronal planes of the left trigeminal
target; the yellow circles shows the 50% isodose (40 Gy, 4-mm collimator). B: MRI-CT fused brain images
on axial, sagittal, and coronal planes of the left SPG target; the yellow circles shows the 50% isodose (45 Gy,
8-mm collimator).

stimulation,?" whereas, given the prominence of autonomic symp-

toms, invasive strategies have been employed for ablation or sti-
mulation of the SPG, a major relay for both sympathetic and
parasympathetic fibers.?? For this reason, both the trigeminal nerve
and the SPG have been used simultaneously as targets in GKRS
for cluster-tic syndrome.

To our knowledge, only one case of cluster-tic syndrome treated
with GKRS has been reported in medical literature.'® Both the right tri-
geminal nerve and the SPG were targeted (with a maximum dose of
85 Gy and 90 Gy, respectively), similarly to our reported case (80 Gy
and 90 Gy). The female patient in the previous study experienced
complete pain relief immediately after treatment. Six months later, she
developed severe paresthesia and sensory loss in the right V1 and V2
regions. The right-sided pain was absent at the last follow-up (34
months), even if painful hypoesthesia was reported as a significant dis-
comfort. For this reason, the authors concluded that radiosurgery for
cluster-tic syndrome should not be recommended.'®

Our experience differs from the case described above. Our
patient not only reported complete resolution of pain and autonomic

features despite discontinuation of medication but also appears not
to be suffering from significant toxicity on the trigeminal nerve, dra-
matically improving her overall quality of life. Our experience is very
interesting because it may overturn the interpretation from the litera-
ture that has been generally accepted until now.

GKRS has proven to be a safe and effective treatment for tri-
geminal neuralgia. In two of the largest published case series,
Regis et al."® and Kondziolka et al."" reported a sensory dysfunc-
tion rate after radiosurgical treatment in 10.5% and 21.1% of
patients, respectively, usually mild and not bothersome. Previous
studies have shown variable and unclear GKRS effects on pain
relief in cluster headache, reporting, on the other hand, high rates
of posttreatment trigeminal dysfunction.'"#%-2% Kano et al.™
reported their results after treatment of 17 patients with drug-refrac-
tory cluster headache, with a median follow-up of 34 months. Initial
pain relief (BNI pain intensity scores of I-lllb) at a median of 2.9
months was observed in 12 patients. Among them, 2 patients had
subsequent pain recurrence and 1 of them underwent repeat GKRS
with acceptable results (BNI pain intensity score of I). Trigeminal
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dysfunction was reported in 8 patients (47%), with 1 complaining of
deafferentation pain. Sensory disfunction rate was the same in
patients for whom the trigeminal nerve was targeted alone and in
those for whom both the trigeminal nerve and SPG were targeted.
Donnet et al.'? analyzed the outcome of GKRS in 10 patients with
drug-resistant chronic cluster headache treated with a single retro-
gasserian target. After a median follow-up of 36.3 months, they
observed symptom improvement in only 3 patients. Nine patients
developed trigeminal sensory disfunctions, with 2 reporting deaffer-
entation pain. The discrepancy in sensory disfunction between clus-
ter headache and trigeminal neuralgia GKRS treatment has no
established causative mechanism. A higher susceptibility of the tri-
geminal nerve to radiation in patients with cluster headache or, on
the contrary, a lower susceptibility in patients with trigeminal neural-
gia has been suggested." The previous reported case of cluster-tic
syndrome treated by GKRS had led to the assumption that radiation
susceptibility of the trigeminal nerve could be similar in cluster-tic
syndrome and in cluster headache. Conversely, based on our expe-
rience, it is still not understood if increased trigeminal nerve suscep-
tibility to radiation is present in cluster-tic syndrome.

To date, a significant role of the single patient's anatomy (e.g., tri-
geminal nerve length, pontotrigeminal angle) and treatment para-
meters (e.g., integral dose, dose rate, biologically effective dose) has
been demonstrated in relation to the risk of developing trigeminal
disfunction after radiosurgical treatment for trigeminal neuralgia.?®%’
More specifically, Tuleasca et al.?® showed that when increasing the
biologically effective dose, the risk of facial hypoesthesia increased
exponentially; Barzaghi et al?’ reported a mean pontotrigeminal
angle of 30° in patients who experienced severe facial hypoesthesia
after radiosurgery for trigeminal neuralgia, significantly smaller than in
patients without trigeminal dysfunction development (37°). In our
opinion, future studies focusing on these topics could be useful for
better clarifying the effectiveness of GKRS and, even more, the risk
for developing trigeminal nerve disfunction after treatment for both
cluster-tic syndrome and cluster headache.

Furthermore, advanced brain MRI studies focusing on both the
trigeminal nerve and the central nervous system are trying to deter-
mine structural and functional brain MRI modifications occurring in
patients with trigeminal neuralgia and cluster headache in order to
understand the etiology of these conditions and even a different
susceptibility of the trigeminal nerve to radiation in patients with
cluster-tic syndrome, cluster headache, and trigeminal neuralgia.

Lessons

The most important lesson of this study is that GKRS may be use-
ful in patients suffering from refractory cluster-tic syndrome in selected
cases. Our experience is encouraging; however, more data are needed
to better understand how effective and how safe radiosurgery is in
patients with cluster-tic. It is not possible to define, at the present time,
if the trigeminal nerve in patients with cluster-tic is as susceptible to
radiation as it appears to be in patients with cluster headache.

A possible limitation of our illustrative case is a shorter postoper-
ative follow-up, albeit 24 months, compared with the report pub-
lished by Donnet et al."® Therefore, it could be that our positive
results are due to an insufficient follow-up period, and clinical dete-
rioration may be observed in the ensuing months. However, in the
previously reported patient, trigeminal dysfunction already began to
appear 6 months after treatment, and generally, in classical trigemi-
nal neuralgia, it can develop within 24 months after GKRS.™
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