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ABSTRACT

The current literature of the Sphenopalatine Ganglion (SPG) neurostimulation for cluster headache or other 
trigeminal autonomic cephalalgia is reviewed in this narrative paper. The authors published their experience with 
surgical transnasal approach with SPG ganglion as a target. SPG is a target in interventional pain medicine for 
headaches and orofacial pain and several approaches have been described. Cluster headache is a primary headache 
disorder, and it is classified as a Trigeminal Autonomic Cephalalgia (TAC). It is strictly unilateral, characterized 
for short excruciating pain attacks with autonomic symptoms. It has a huge impact in patient quality of life and 
functionality. Patient treatment and relief are challenges for physicians. Poor quality of life and disability are part 
of life in chronic cluster headache. Small group of patients are non-responders to pharmacological treatment or 
experience bothersome side effects, and they might be candidates for SPG neurostimulation. Neurostimulation is an 
alternative for patients with refractory chronic headache and new approaches and techniques have been published 
recently. Key words used for research were sphenopalatine ganglion, cluster headache, headache, neurostimulation, 
migraine. Pub Med, Embase, Cochrane Central Register of the Controlled Trials (Central) databases and 
clinicaltrials.gov were reviewed for the studies. There is no Cochrane systematic review for sphenopalatine ganglion 
neurostimulation and 21 clinical trials in the last 10 years (Jan 2023-June 2023). Diagnosis and treatment of cluster 
headache, neurostimulation, sphenopalatine ganglion anatomy and pathophysiology were also reviewed to write this 
paper. Neurostimulation is not new, however more studies are needed in the field of headache. Cluster headache 
brings high disability and low quality of life to the patient. Ablative procedures allow short term relief and more 
disable side effects, such as paresthesia. New studies evaluating disability, quality of life, medications intake, number 
of attacks and with long term follow up are needed. New devices are emerging and should be studied for headaches, 
especially for chronic cluster headache. The evidence of neurostimulation for cluster headache treatment is still low 
and treatment should be personalized.
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INTRODUCTION

Chronic Cluster headache is described by the International 
Classification of Headache Disorders-3 (ICHD-3) as a headache 

occurring for one year or longer without remission, or with 
remission periods lasting less than 3 months. An episodic cluster 
headache is defined by Cluster headache attacks occurring in 
periods lasting from 7 days to one year, separated by pain-free 
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periods lasting at least 3 months (ICHD-3) [1]. The role of SPG 
In the pathophysiology of cluster headache is well established, 
with nasal congestion, lacrimation, rhinorrhea, and redness of the 
eye. Approximately 10%-15% of the patients have chronic cluster 
headache [1]. SPG is placed in the Pterygopalatine Fossa (PPF) and 
it is the target in pain intervention for orofacial pain and headache, 
such as TAC, post-puncture headache, trigeminal neuralgia and 
post-herpetic neuralgia. SPG has parasympathetic and sympathetic 
fibers and connections with cervical and trigeminal structures [1-5]. 

It is responsible for the glandular innervation and vascular tone of 
the nasal cavities, paranasal sinuses, lacrimal and palatine salivary 
glands, in addition to the sensitivity of the nasal mucosa. The PPF 
is delimited by bone parameters: Posterior wall of the maxillary 
sinus (anterior), pterygoid process and greater wing of the sphenoid 
(posterior), greater wing of the sphenoid and inferior orbital 
fissure (superior), vertical plate of the palatine bone (medial) and 
pterygomaxillary fissure (laterally) that communicates the PPF with 
the Infratemporal Fossa (ITF). Its content consists of fatty tissue, as 
well as terminal arterial vascular branches of the maxillary artery, 
in an anterior position, and autonomic nerves, posteriorly. It 
receives, through the pterygoid foramen, fibers of the vidian nerve, 
medially, while the maxillary division of the trigeminal, V2, reaches 
this region through the foramen rotundum, more laterally, and 
follows as the infraorbital nerve after issuing sensory branches that 
pass through the SPG [4-7]. 

We emphasize the vascular anatomy of the PPF. Vascular structures 
are normally located in an anterior position in relation to the 
neural structures in the PPF: Careful endoscopic dissection and 
coagulation of fatty tissue in the PPF, in order to skeletonize the 
arterial branches, must be performed before puncture, allowing 
optimal visualization and management of the electrode tip by the 
surgeon, in order to place it perfectly over the SPG. The maxillary 
artery, terminal branch of the external carotid artery, enters the 
PPF through the pterygomaxillary fissure after crossing the ITF. 
Distally, the maxillary artery divides in descending palatine artery 
and sphenopalatine artery, which in turn subdivides in posterior 
lateral nasal artery and posterior septal artery [5,6]. 

Anatomical variations, both in neural and vascular structures, are 
extremely frequent in this narrow fossa, so that endoscopy-assisted 
accesses are safer due to magnification and wide-angle effect of the 
optics. This guarantees the preservation of neurovascular structures 
during the procedure, as well as their direct manipulation, through 
cauterization or clipping for immediate hemostatic control in case 
of iatrogenic injury [5-7]. 

Wu et al., studied the relationship of SPG volume and cluster 
headache. SPG volume was greater measured by MRI in patients 
with cluster headache compared to controls and it was larger on the 
side of pain. The ganglion was measured manually by MRI [8,9].

LITERATURE REVIEW

Cluster headache

Cluster headache is a primary headache disorder, which is an 
excruciating, strictly one-sided pain syndrome, belonging to the 
Trigeminal Autonomic Cephalalgias (TACs), affecting up to 
0.1% of the population. The clinical features are detailed in the 
International Classification Headache Disorder-3 (ICHD-3). The 
male-to-female ratio is approximately 2:1,5:1 [3,9-12]. 

Patients with cluster headache experience multiple attacks of 
relatively short-lasting severe headaches. The pain ramps up quite 
quickly once it starts and typically remains for 15-180 min when 
untreated up to 8 times a day [13-17]. 

The attacks are characterized by the severe, excruciating, unilateral 
pain typically in the supraorbital, retro-orbital, temporal regions 
and arising from deep within, mainly in the first division of the 
trigeminal nerve, with associated prominent unilateral cranial 
autonomic symptoms, which include lacrimation, eye redness, eye 
discomfort such as grittiness, ptosis, nasal congestion, rhinorrhea, 
aural fullness, throat swelling and flushing and a sense of agitation 
and restlessness during the attacks [9]. This is a useful feature that 
can help in distinguishing cluster headache from migraine, in which 
patients prefer to lie still. In addition, sympathetic impairment 
presenting as miosis, and partial Horner syndrome may occur [13]. 
There is a tendency for the attacks to occur at night and patients 
report a sleep association. When in bout, cluster headache attacks 
can be triggered by alcohol, food containing nitrates, nitroglycerin, 
and strong odors such as petroleum, paint, and nail varnish [17]. 

Cluster headache is subdivided into episodic and Chronic Cluster 
Headache (CCH). Patients with episodic cluster headache have 
‘bouts’ that tend to last 6-12 weeks and often have a circannual 
pattern, with more attacks in the spring or autumn. Episodic 
cluster headache can shift to chronic cluster headache and vice 
versa. CCH patients have persistent attacks occurring for more 
than one year without remission, or a remission period lasting less 
than three months, without preventive medication. About 15%-
20% of patients suffer from chronic cluster headache and 33% of 
patients with initial CCH may shift to the episodic pattern during 
the disorder [3,15,17]. 

Longitudinally, cluster headache tends to remit with age with 
less frequent attacks and more prolonged periods of remission in 
between attacks. 

Neurostimulation

Although subject of controversy, many studies have been addressed 
the role of neurostimulation in cluster headache treatment. 
Essentially, the neurostimulation may be either noninvasive or 
invasive. In the first group, it is worth mentioning Transcranial 
Magnetic Stimulation (TMS), which may act as a preventive therapy 
for cluster episodes. Differently, the invasive therapies, such as 
peripheral nerve stimulation, Vagal Nerve Stimulation (VNS) 
and Deep Brain Stimulation (DBS) might work as a treatment for 
the crises themselves. Acting as peripheral nerve stimulation, the 
sphenopalatine ganglion stimulation is one of the main invasive 
therapies applied in refractory cases of cluster headache [18-22].

Animal studies demonstrate that Low-frequency stimulation (10Hz) 
causes changes in the blood-brain barrier with vasodilation and 
triggering cluster pain. That is, the treatment with neurostimulation 
must be of high frequency [23]. The first description of the treatment 
of unilateral facial pain due to inflammation of the nasal sinuses 
was described by Sluder in 1908. The term Sluder Neuralgia was 
coined. We now know that Sluder's neuralgia and cluster headache 
are different entities and are classified differently [1,24]. 

Destructive procedures provide temporary relief. Neurostimulation 
acts on neural pathways without causing permanent damage and 
can be considered adjustable and reversible. The first report of 
neurostimulation for SPG was described by Ibarra in 2007. An 
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with RF is grade B [23,24]. 

The first case report on the use of RF for the treatment of Sluder's 
neuralgia was from 1987 by Salar et al., There are several published 
articles demonstrating the effectiveness of RF for the treatment 
of clusters, however the vast majority are case reports. RF tends 
to have a longer result in pain control than simple SPG blockade 
as demonstrated for 18 months and work by Narouze et al. Most 
RF lesioning approaches were infrazygomatic, with temperatures 
of 80 degrees (ablative) or 42 degrees (pulsed), although there are 
no studies comparing the two RF techniques. In the studies, the 
positioning of the cannula was confirmed with a sensory stimulus 
perceived at the base of the ipsilateral nose. Adverse events were 
hypoesthesia and paresthesia of the maxillary territories and 
palate lasting a few months and complete reversal, in addition 
to hematoma and epistaxis. SPG neurostimulation is a newer 
treatment and applied in chronic and refractory cases [25]. 

Low frequency stimulation of SPG in humans can provoke 
autonomic symptoms due the activation of parasympathetic flow. 
In contrast, high frequency stimulation blocks parasympathetic 
outflow, alleviating the symptoms. In a double-blind sham 
controlled cross-over study with SPG low frequency stimulation 
with 16 patients, authors could demonstrate that low frequency 
stimulation (20 Hz) induces higher sympathetic tone preceding 
cranial autonomic symptoms and cluster headache attack [26,27]. 

One randomized controlled trial with other 2 long follow-ups of 
the same trial, and 2 case reports/series were published by the same 
group. First, Schoenen et al., published a randomized controlled 
trial, the Pathway CH-I, to study efficacy and safety of acute 
electrical stimulation of the SPG. They evaluated 28 patients with 
refractory cluster headache that were implanted neurostimulation 
devices, with 3 stimulation modalities by demand: Full stimulation, 
subperceptive and sham. A total of 566 cluster attacks were treated 
and complete relief was achieved in 67.1% of patients receiving full 
stimulation compared to 7.4% of sham group. The sub-perceptive 
stimulation group was not much different from the sham group. 
Rescue medication was used more often in the sham group (77.4%) 
and sub-perceptive group (78.4%) compared to the full stimulation 
group (31%). Furthermore, quality of life and headache disability 
improved with clinically significant difference, measured with 
Headache Impact Test (HIT-6) score and Short Form Health 
Survey (SF-36v2). The CH-I trial had incidence of adverse events 
like those reported in other oro-facial surgical procedures and the 
most common adverse event reported was transient paraesthesia in 
the maxillary territory (up to 3 months) [23]. 

Jurgens et al., published a series of cases followed by patients in 
Schoenen's work and showed 61% of patients with response in pain 
intensity improvement (>50%) and pain frequency improvement 
(>50%) in 24 months. The degree of recommendation for the 
treatment of chronic cluster with neurostimulation is B [24]. 

Barloese et al., enrolled 33 patients with chronic cluster headache 
refractory to conventional treatment. In this study, patients 
were followed for 24 months. Patients underwent to a transoral 
insertion of a micro-stimulator placed near to the SPG. 30% of 
these patients (10 patients) presented at least one month relief, one 
or more periods of relief. This study could show that stimulation 
can be abortive treatment during the cluster headache attack, to be 
preventive and induce a long-period remission in 30% of patients 
with CCH [27]. 

Goadsby et al., randomized 93 patients for a sham-controlled 

electrode was implanted in the SPG to provide electrical stimulation 
at a frequency of 50Hz. The patient was pain free [1,19].

Ansarinia et al., demonstrated the benefits of SPG neurostimulation 
in 6 cluster patients. The electrodes were positioned using the infra-
zygomatic approach. Complete pain resolution was achieved in 60% 
of patients and an improvement in pain intensity (>50%) in 22% 
of patients. Benefits were achieved after 1 to 3 min of stimulation. 
The most common efficient frequency was 50Hz [1,20]. 

Systematic review to assess the level of evidence for the use 
of blockade, radiofrequency and neurostimulation of the 
sphenopalatine ganglion was published by Narouze et al., This 
group wrote a systematic review, where 83 articles were selected, 
60 about pain blockades, 15 on radiofrequency and 8 on 
neurostimulation of these works, higher levels of evidence were 
achieved in 23 studies, 19 of which were about blockades, 1 studied 
the benefits of radiofrequency and 3 studies investigated benefits of 
neurostimulation [21]. 

The strongest evidence of intervention techniques was observed in 
studies for cluster headache, but they were also applied for trigeminal 
neuralgia, migraine and analgesic reduction after endoscopic nasal 
surgery. SPG block (nine studies regarding cluster headache) the 
publications mentioned agents used in blocking: Cocaine, local 
anesthetic and local anesthetic with corticoid, with second one 
being the most common. Double-blind studies demonstrated 
the benefit of using SPG blockade with transnasal swab soaked 
in anesthetic solutions with cocaine, lidocaine, bupivacaine 
or mepivacaine, aborting cluster headache crisis induced by 
nitroglycerin. In summary, SPG block has moderate evidence in 
the treatment of cluster headache (degree of recommendation B). 
The evidence is only for acute conditions and cannot be extended 
to CCH. The addition of corticosteroids, to prolong the benefit, 
has weak evidence (degree of recommendation C) [22].

There are 3 SPG block approaches described-transnasal, transoral 
and infrazygomatic. In the transnasal approach, a cotton swab, the 
TX-360 device and nasal spray can be used. Several local anesthetics 
can be used, with xylocaine and bupivacaine being the most 
common. Other medications include cocaine, alcohol, phenol, 
dexamethasone, triamcinolone and epinephrine. The needle 
approach can be guided by radioscopy or CT. The described side 
effects are paresthesia and hypoesthesia of the maxilla and palate 
regions, in addition to bad taste and anesthesia of the hypopharynx. 
In needle techniques, hematoma may occur.

SPG Radio Frequency (RF) (9 studies for cluster) of the 9 studies, 
one is a prospective cohort and the other 8 are case reports (3 on 
pulsed RF and 5 on conventional RF). The prospective cohort 
(Narouze et al-1) analyzed 15 cases of chronic cluster with treatment 
by conventional ablative RF, using the infra-zygomatic access, 
with injection of 2% lidocaine 0.5 mL, followed by 2 lesions by 
conventional RF at 80 degrees per 60 sec each. After the ablation, 
0.5 mL of 0.5% bupivacaine and 5 mg of triamcinolone were 
injected. The study demonstrated improvement in pain intensity, 
frequency, and disability for up to 18 months. Sandres et al., 
reported the largest case series in the treatment of chronic cluster 
by RF. There were 66 patients evaluated for 12 to 70 months. 
The study demonstrated complete remission in just over 60% of 
patients with episodic cluster, and 30% of patients with CCH. 
The main adverse events mentioned in the studies were: temporary 
paresthesia in the palate and cheek for up to 3 months, epistaxis 
and hematoma. The grade of recommendation for treating clusters 
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double-blind trial. One group with 45 patients was assigned for 
SPG neurostimulation and 48 patients were assigned for control 
group. The SPG stimulation group had significantly pain relief after 
15 minutes of stimulation during an acute attack. The number of 
responders in the clinical group was greater for relief of pain at 15 
minutes, freedom of pain at 15 minutes and sustained pain relief 
after 50% or more of attacks compared to the control group [2]. 

Our group placed in a cadaver an epidural lead in the PPF. We 
divided this procedure into two approaches-transnasal endoscopic 
approach and cervico-facial approach. The dissection begins with 
a transnasal endoscopic approach using the reversible medial 
maxillectomy technique. After maxillary antrostomy, an oblique 
pre-lacrimal mucosal incision is made, continuing inferiorly to 
the inferior turbinate, up to the nasal floor. Then, the incision 
is extended posteriorly through the nasal floor to the inferior 
turbinate tail. Sub periosteal dissection is performed and, 
afterwards, a straight osteotome is used to fracture the maxilla 
along the already marked line. The medial wall of the maxilla is 
medially displaced, including the nasolacrimal duct and inferior 
turbinate. At the end of the entire procedure, the medial wall of 
the maxilla is repositioned, and the mucosal incisions are sutured 
with 3-0 Vycril sutures in two points. With total exposure of the 
posterior wall of the maxillary sinus, a new mucosal incision is 
made, with a pedicle in its most lateral region, allowing exposure 
of the bone wall. Osteotomies are performed and the bone wall 
is removed, exposing the periosteum of the posterior wall of the 
maxillary sinus. A careful incision of the periosteum is made with 
a sickle knife, thus exposing the fat and other contents of the 
pterygopalatine fossa. Fossa fat is retracted and partially removed, 
using bipolar cautery and blunt dissection, exposing the vascular 
branches, which must be dissected and preserved. A good tip 
for locating the ganglion is to follow the divisions of the vidian and 
maxillary nerves, after emerging through the pterygoid and round 
foramina, respectively. Next, the middle turbinate is dissected and a 
pedicled flap is created on the lateral wall of the nose (Figure 1) [28].

The cervico-facial approach begins with a skin incision: Retro 

auricular arch, approximately 7 cm for detachment of the pocket 
under the muscle-periosteal flap, similar to the access described 
for the cochlear implant, in order to house the internal generating 
unit. This incision is extended inferiorly towards the mastoid tip, 
anteriorly to the sternocleidomastoid muscle, through which the 
passage of a trocar is made, in order to direct the electrode bundle 
into the fossa. At the end of the surgery, closure is performed by 
layers, suturing muscules with 3-0 Vycril and skin with 4-0 Nylon 
sutures. The trocar involved by a catheter enters the pterygopalatine 
fossa through its lateral communication with the infratemporal 
fossa, tangent to the lateral pterygoid lamina. Once inside the 
pterygopalatine fossa, under endoscopic visualization, the trocar 
is removed, maintaining the catheter position and the bundle of 
electrodes is introduced through it. Finally, the bundle is positioned 
anteriorly to the ganglion, avoiding gripping it. In the end, the 
ipsilateral middle concha flap is rotated from medial to lateral 
through the maxillectomy, in order to cover the electrode and the 
surgical defect of the posterior wall of the sinus. The mucosa of the 
posterior wall of the maxillary sinus that was previously reflected 
is used to cover the exposed bone, after rotation of the flap [28]. 

A transnasal endoscopy surgical approach is feasible for other lead 
models, allowing direct visualization to place the lead in the PPF 
and the vascular structures avoiding complications e mitigating 
possible migrations.

DISSCUSSION

Cluster headache is certainly the most painful and incapacitating 
of primary headaches, particularly for patients who suffer from 
long bouts or for those who present with the chronic form. About 
1% of patients become refractory to treatment. Defined as cluster 
headache that fails to respond to more than three typical preventive 
medicines. The condition is rare, but difficult to manage and 
invasive treatments may be needed. They are the main target 
population for extracranial implantable neuro-modulation devices, 
like occipital nerve or sphenopalatine ganglion stimulators (Figure 
2) [29-32]. 

Figure 1: Transnasal approach to the left maxillary sinus a 00 endoscope. (A) Incisions on the lateral wall of the nose for medial displacement of 
the medical wall of the maxillary sinus. (B) Exposure of the piriform aperture and mucosal undermining before osteotomy. (C) Endoscopic control 
of all maxillary sinus walls. (D) Detachment of the mucosa from the posterior wall of the maxillary sinus for subsequent bone removal and access 
to the pterygopalatine fossa. 
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A device placed without surgery image guided with external battery 
was studied for knee pain, shoulder, cluneal nerves with significant 
pain relief and it can be promising for headaches. Peripheral nerve 
stimulation at SPG for cluster headache is evidence level III [33].

CONCLUSION

Neurostimulation surgery placed, or image guided, is a feasible 
and a low-risk treatment for patients with cluster headache. Acute 
attacks can be aborted with SPG stimulation and patients that 
suffer with CCH can have more pain free periods. High frequency 
stimulation is the most adequate option for these patients since low 
frequency may induce the attack. 

Trials have a small number of patients, but could provide 
information about significant pain relief, quality of life 
improvement and reduction of disability. Number of complications 
is relatively low when these patients are followed up. However, the 
follow up of these studies is short, long-term benefit needs to be 
better evaluated.

REFERENCES
1. Lainez MJ, Marti AS. Sphenopalatine ganglion stimulation in cluster 

headache and other types of headache. Cephalalgia. 2016;36(12):1149-
1155. 

2. Goadsby PJ, Sahai-Srivastava S, Kezirian EJ, Calhoun AH, Matthews 
DC, McAllister PJ, et al. Safety and efficacy of sphenopalatine ganglion 
stimulation for chronic cluster headache: A double-blind, randomized 
controlled trial. Lancet Neurol. 2019;18(12):1081-1090. 

3. Headache classification committee of the International Headache Society 
(IHS). The International classification of headache disorders, 3rd edn 
(beta version). Cephalalgia; 2013;33(9):629-808.  

SPG is a very complex structure with several connections, playing 
an important role in headaches pathophysiology, especially in 
cluster headache. Many interventional procedures have been 
performed targeting SPG for orofacial or headache pain relief. SPG 
trans mucosal nasal blocks or guided by image and radiofrequency 
have been performed to treat migraine, post-puncture headache, 
trigeminal neuralgia and cluster headache [1,2,19,23,24]. 

Neurostimulation is not new and few trials could demonstrate that 
is promising to offer pain relief during cluster headache attacks, 
prolongating pain free periods of chronic cluster headache and 
improving quality of life and patient satisfaction. In contrast 
to radiofrequency, that offer relief for short period of time, 
neurostimulation may be an alternative for years [2,23]. 

Pharmacological treatment of cluster headaches can be bothersome, 
with significant side effects. The brief duration of attacks and the 
number of them make abortive treatment a challenge. Preventive 
drugs side effects can limit the treatment. Drugs, such as sodium 
valproate, lithium carbonate, verapamil and topiramate are usually 
provided for these patients. However, many patients are always 
searching for new treatment options, because of the side effects or 
non-responsiveness to a standard treatment [1].

New devices without battery implant with remote control may be 
promising for these patients with CCH for attack abortion and to 
allow a long pain free period. High frequency neurostimulation 
induces less paresthesia compared to low frequency neurostimulation 
and ablation. Complications of these devices are lead migration, 
hematomas, infection and sensory disturbances and pain in area of 
maxillary nerve [1,23]. 

Figure 2: Control computed tomography obtained after neurostimulator implantation. (A and B) Bone window, coronal and sagittal sections 
respectively; green arrow represents the location of the electrode tip within the sphenopalatine ganglion. (C and D) Three-dimensional reconstruction, 
allowing visualization of the entire electrode path and location of the internal pulse generator. 

https://journals.sagepub.com/doi/full/10.1177/0333102416644968
https://journals.sagepub.com/doi/full/10.1177/0333102416644968
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(19)30322-9/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(19)30322-9/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(19)30322-9/fulltext
https://journals.sagepub.com/doi/10.1177/0333102413485658
https://journals.sagepub.com/doi/10.1177/0333102413485658


6

Junqueira MM, et al.

J Pain Manage Med, Vol.9 Iss.4 No:1000220

21. Narouze S, Kapural L, Casanova J, Mekhail N. Sphenopalatine ganglion 
radiofrequency ablation for the management of chronic cluster headache. 
Headache. 2009;49(4):571-577. 

22. Sanders M, Zuurmond WW. Efficacy of sphenopalatine ganglion 
blockade in 66 patients suffering from cluster headache: A 12-to 70-month 
follow-up evaluation. J Neurosurg. 1997;87(6):876-880. 

23. Schoenen J, Jensen RH, Lanteri-Minet M, Lainez MJ, Gaul C, Goodman 
AM, et al. Stimulation of the Sphenopalatine Ganglion (SPG) for cluster 
headache treatment. Pathway CH-1: A randomized, sham-controlled 
study. Cephalalgia. 2013;33(10):816-830. 

24. Jurgens TP, Barloese M, May A, Lainez JM, Schoenen J, Gaul C, et al. 
Long-term effectiveness of sphenopalatine ganglion stimulation for cluster 
headache. Cephalalgia. 2017;37(5):423-434. 

25. Salar G, Ori C, Iob I, Fiore D. Percutaneous thermocoagulation for 
sphenopalatine ganglion neuralgia. Acta Neurochir (Wien). 1987;84(1-
2):24-28. 

26. Evers S, Summ O. Neurostimulation treatment in chronic cluster 
headache-a narrative review. Curr Pain Headache Rep. 2021;25(12):81. 

27. Barloese MC, Jurgens TP, May A, Lainez JM, Schoenen J, Gaul C, et 
al. Cluster headache attack remission with sphenopalatine ganglion 
stimulation: experiences in chronic cluster headache patients through 24 
months. J Headache Pain. 2016;17(1):1-8. 

28. Tepedino MS, Vianna PM, Baptista CH, Ferreira DL, Junqueira MM. 
Transnasal endoscopy-guided percutaneous access to the sphenopalatine 
ganglion for neurostimulation in the treatment of primary headache: 
Operative technique and feasibility. Braz J Otorhinolaryngol. 2023;89:292-
299. 

29. Nobre ME, Peres MF, Moreira PF, Leal AJ. Clomiphene treatment may 
be effective in refractory episodic and chronic cluster headache. Arq 
Neuropsiquiatr. 2017;75:620-624. 

30. Ambrosini A, Schoenen J. Commentary on Fontaine et al: Safety and 
efficacy of deep brain stimulation in refractory cluster headache: A 
randomized placebo-controlled double-blind trial followed by a 1-year 
open extension. J Headache Pain. 2010;11(1):21-22. 

31. Mitsikostas DD, Edvinsson L, Jensen RH, Katsarava Z, Lampl C, Negro 
A, et al. Refractory chronic cluster headache: a consensus statement on 
clinical definition from the European Headache Federation. J Headache 
Pain. 2014;15(1):1-4. 

32. Schoenen J, Snoer AH, Brandt RB, Fronczek R, Wei DY, Chung CS, et al. 
Guidelines of the International Headache Society for Controlled Clinical 
Trials in Cluster Headache. Cephalalgia. 2022;42(14):1450-1466. 

33. Helm S, Shirsat N, Calodney A, Abd-Elsayed A, Kloth D, Soin A, et 
al. Peripheral nerve stimulation for chronic pain: a systematic review of 
effectiveness and safety. Pain Ther. 2021;10:985-1002. 

4. Piagkou M, Demesticha T, Troupis T, Vlasis K, Skandalakis P, Makri A, et 
al. The pterygopalatine ganglion and its role in various pain syndromes: 
From anatomy to clinical practice. Pain Pract. 2012;12(5):399-412. 

5. Balsalobre L, Tepedino MS. Rinologia 360: Aspectos clínicos e cirúrgicos. 
Thieme Revinter; 2021. 

6. Tepedino MS, Ferrao AC, Higa HC, Balsalobre Filho LL, Iturriaga E, 
Pereira MC, et al. Reversible endoscopic medial maxillectomy: Endonasal 
approach to diseases of the maxillary sinus. Int Arch Otorhinolaryngol. 
2020;24(02):e247-e252. 

7. Herzallah IR, Germani R, Casiano RR. Endoscopic transnasal study of 
the infratemporal fossa: A new orientation. Otolaryngol Head Neck Surg. 
2009;140(6):861-865. 

8. MacArthur FJ, McGarry GW. The arterial supply of the nasal cavity. Eur 
Arch Otorhinolaryngol. 2017;274:809-815. 

9. Wu JW, Chen ST, Wang YF, Lai KL, Chen TY, Chen SP, et al. 
Sphenopalatine ganglion volumetry in episodic cluster headache: From 
symptom laterality to cranial autonomic symptoms. J Headache Pain. 
2023;24(1):1-9. 

10. Bahra A, May A, Goadsby PJ. Cluster headache: A prospective clinical 
study with diagnostic implications. Neurology. 2002;58(3):354-361. 

11. Goadsby PJ. Pathophysiology of cluster headache: A trigeminal autonomic 
cephalgia. Lancet Neurol. 2002;1(4):251-257.   

12. May A, Goadsby PJ. The trigeminovascular system in humans: 
Pathophysiologic implications for primary headache syndromes of the 
neural influences on the cerebral circulation. J Cereb Blood Flow Metab. 
1999;19(2):115-127.  

13. Wei DY, Ong JJ, Goadsby PJ. Cluster headache: Epidemiology, 
pathophysiology, clinical features, and diagnosis. Ann Indian Acad 
Neurol. 2018;21(Suppl 1):S3-S8.  

14. May A. Cluster headache: Pathogenesis, diagnosis, and management. 
Lancet. 2005;366(9488):843-855. 

15. May A. Diagnosis and clinical features of trigemino‐autonomic headaches. 
Headache. 2013;53(9):1470-1478. 

16. Manzoni GC, Micieli G, Granella F, Tassorelli C, Zanferrari C, Cavallini 
A. Cluster headache course over ten years in 189 patients. Cephalalgia. 
1991;11(4):169-174. 

17. Wei DY, Khalil M, Goadsby PJ. Practice Neurology. 2019;19:521-528.

18. Schwedt TJ, Vargas B. Neurostimulation for treatment of migraine and 
cluster headache. Pain Med. 2015;16(9):1827-1834. 

19. Ibarra E. Neuromodulation of the sphenopalatine ganglion to alleviate 
the symptoms of cluster headache: A case report. Pain. 2007:12-18.  

20. Ansarinia M, Rezai A, Tepper SJ, Steiner CP, Stump J, Stanton-Hicks M, 
et al. Electrical stimulation of sphenopalatine ganglion for acute treatment 
of cluster headaches. Headache. 2010;50(7):1164-1174. 

https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1111/j.1526-4610.2008.01226.x
https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1111/j.1526-4610.2008.01226.x
https://thejns.org/view/journals/j-neurosurg/87/6/article-p876.xml
https://thejns.org/view/journals/j-neurosurg/87/6/article-p876.xml
https://thejns.org/view/journals/j-neurosurg/87/6/article-p876.xml
https://journals.sagepub.com/doi/full/10.1177/0333102412473667
https://journals.sagepub.com/doi/full/10.1177/0333102412473667
https://journals.sagepub.com/doi/full/10.1177/0333102412473667
https://journals.sagepub.com/doi/full/10.1177/0333102416649092
https://journals.sagepub.com/doi/full/10.1177/0333102416649092
https://europepmc.org/article/med/3825606
https://europepmc.org/article/med/3825606
https://link.springer.com/article/10.1007/s11916-021-00989-6
https://link.springer.com/article/10.1007/s11916-021-00989-6
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-016-0658-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-016-0658-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-016-0658-1
https://www.scielo.br/j/bjorl/a/5ydf8Q3NFdDhKMMbptBc4zn/
https://www.scielo.br/j/bjorl/a/5ydf8Q3NFdDhKMMbptBc4zn/
https://www.scielo.br/j/bjorl/a/5ydf8Q3NFdDhKMMbptBc4zn/
https://www.scielo.br/j/anp/a/zrTZMrVPFFVZ3yLgs4cjDZk/?lang=en
https://www.scielo.br/j/anp/a/zrTZMrVPFFVZ3yLgs4cjDZk/?lang=en
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-009-0184-5
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-009-0184-5
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-009-0184-5
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1007/s10194-009-0184-5
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/1129-2377-15-79
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/1129-2377-15-79
https://journals.sagepub.com/doi/full/10.1177/03331024221120266
https://journals.sagepub.com/doi/full/10.1177/03331024221120266
https://link.springer.com/article/10.1007/s40122-021-00306-4
https://link.springer.com/article/10.1007/s40122-021-00306-4
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1533-2500.2011.00507.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1533-2500.2011.00507.x
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1701267
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1701267
https://journals.sagepub.com/doi/abs/10.1016/j.otohns.2009.02.020
https://journals.sagepub.com/doi/abs/10.1016/j.otohns.2009.02.020
https://link.springer.com/article/10.1007/s00405-016-4281-1
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-022-01534-5
https://thejournalofheadacheandpain.biomedcentral.com/articles/10.1186/s10194-022-01534-5
https://n.neurology.org/content/58/3/354.short
https://n.neurology.org/content/58/3/354.short
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(02)00104-7/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(02)00104-7/fulltext
https://journals.sagepub.com/doi/full/10.1097/00004647-199902000-00001
https://journals.sagepub.com/doi/full/10.1097/00004647-199902000-00001
https://journals.sagepub.com/doi/full/10.1097/00004647-199902000-00001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5909131/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5909131/
https://www.thelancet.com/journals/lancet/article/PIIS0140673605672170/fulltext
https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1111/head.12213
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1468-2982.1991.1104169.x
https://pubmed.ncbi.nlm.nih.gov/26177612/
https://pubmed.ncbi.nlm.nih.gov/26177612/
https://pesquisa.bvsalud.org/portal/resource/pt/lil-677749
https://pesquisa.bvsalud.org/portal/resource/pt/lil-677749
https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1111/j.1526-4610.2010.01661.x
https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1111/j.1526-4610.2010.01661.x
https://books.google.co.in/books?hl=en&lr=&id=H7VFEAAAQBAJ&oi=fnd&pg=PT6&dq=Rinologia+360%C2%B0:+Aspectos+Cl%C3%ADnicos+e+Cir%C3%BArgicos&ots=t74NlZXtvF&sig=csW6MMp7O5KJ5XcALL2G5mlXVIU&redir_esc=y#v=onepage&q=Rinologia%20360%C2%B0%3A%20Aspectos%20Cl%C3%ADnicos%20e%20Cir%C3%BArgicos&f=false



