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RESUMO 

Sterman Neto H. Avaliação comparativa dos efeitos da termocoagulação por 

radiofrequência e neurotomia percutânea com balão no controle da dor a longo 

prazo em pacientes com neuralgia trigeminal idiopática [tese]. São Paulo: Faculdade 

de Medicina, Universidade de São Paulo; 2022. 

Introdução: a neuralgia trigeminal, a despeito de reconhecida há séculos, continua sendo a 

síndrome dolorosa neuropática facial mais fascinante e desafiadora no que se refere ao seu 

tratamento. Apesar de sua primeira descrição formal ter ocorrido no século 18, os 

tratamentos mais eficazes surgiram somente após meados do século 20. Contudo, há uma 

escassez de dados em estudos comparativos com alto nível de evidência entre os métodos. 

Dessa forma, o presente estudo comparou a eficácia dos procedimentos percutâneos mais 

frequentemente utilizados no controle álgico dos pacientes com neuralgia trigeminal. 

Métodos: trata-se de um ensaio clínico prospectivo aleatorizado, duplamente encoberto, 

que incluiu 33 pacientes com diagnóstico de neuralgia trigeminal, em dois grupos: BC 

(neurotomia por balão) e RF (termocoagulação por radiofrequência). Os pacientes foram 

avaliados em seis momentos distintos: antes do procedimento (V0), sete (V1), 30 (V2), 60 

(V3), 90 (V4) e 180 (V5) dias após. Foram utilizadas escalas para avaliação de dor (BPI, 

NPSI, DN4, SF-MPQ), quantidade de medicação utilizada (MQS), qualidade de vida 

(WHOQoL – BREV) e funções psicológicas e humor (PCS e HADS). Dados 

sociodemográficos foram analisados entre os grupos. Foi utilizado, como desfecho 

primário, o terceiro item do BPI (escala numérica de dor nas últimas 24 horas). Após 

randomização, os pacientes foram submetidos ao procedimento sorteado. O desfecho 

primário foi analisado utilizando modelo de regressão linear. Teste t de Student foi usado 

para variáveis de distribuição normal e o teste de Mann-Whitney e qui-quadrado para 

variáveis de distribuição não-normal. Fora realizada análise interina pré-planejada com 

pelo menos metade dos pacientes planejados. Resultados: para a análise interina, dados de 

33 pacientes estavam disponíveis. A idade média foi de 62,18 ± 9,4 anos. O objetivo 

primário não apresentou diferença estatisticamente significativa entre os grupos ao final do 

estudo. A taxa de complicação foi semelhante. A influência da dor nas atividades de vida 

diárias, as dimensões da dor, sintomas de dor neuropática, humor, quantidade de 

medicação em uso e qualidade de vida, avaliados com questionários específicos, também 

não apresentaram diferença estatisticamente significativa. O grupo de RF apresentou mais 

sintomas parestéticos do que o grupo BC (2,08±1,99; 3,97±1,96; p = 0,017) nos 30 dias 

subsequentes à intervenção, a despeito de não ter crises de dor (4,55±0,78, 5±0; p = 0,015). 

A presença do componente de dor contínua foi semelhante nos grupos. O estudo foi 

interrompido por insignificância clínica. Conclusão: os dois métodos possuem capacidade 

de controle de dor semelhante. Registro do ensaio no ClinicalTrials.gov – NCT02427074. 

Descritores: Neuralgia do trigêmeo; Rizotomia; Denervação; Procedimentos 

neurocirúrgicos; Ensaio clínico; Ablação percutânea por cateter. 



ABSTRACT 

Sterman Neto H. Comparative evaluation between radiofrequency 

thermocoagulation and balloon compression neurotomy on long-term pain control in 

patients with idiopathic trigeminal neuralgia [thesis]. São Paulo: “Faculdade de 

Medicina, Universidade de São Paulo”; 2022. 

Introduction: trigeminal neuralgia, despite being recognized for centuries, remains 

the most fascinating and challenging facial neuropathic painful syndromes in terms 

of its treatment. The most effective treatments appeared after the middle of the 20th 

century. However, well-designed studies comparing the main therapeutic methods 

are lacking. The aim of this study was to compared the effectiveness of the most 

frequently used percutaneous procedures for pain control in patients with trigeminal 

neuralgia. Methods: a prospective randomized, double-blind, intention-to-treat, 

clinical trial, was performed: 33 patients diagnosed with trigeminal neuralgia were 

available for the pre-planned interim analysis. Patients were randomized using an 

online program. After randomization, patients were divided in two groups: balloon 

compression (BC) and radiofrequency (RF). Patients were evaluated at six different 

times: before the procedure (V0), and 7 (V1), 30 (V2), 60 (V3), 90 (V4) and 180 

(V5) days after the procedure. Scales were used to assess pain (BPI, NPSI, DN4, SF-

MPQ), quantity of medication used (MQS), quality of life (WHOQoL - BREV) and 

psychological functions and mood (PCS and HADS). Sociodemographic data were 

compared between the groups. The primary outcome was the third item of the BPI 

(numerical scale of the worst pain in the last 24 hours). The main outcome was 

assessed using generalized estimation equations. Student t-test was used for the 

normally distributed variables and Mann-Whitney and Pearson’s chi-square test for 

the non-normally variables. A pre-planned interim analysis was performed when at 

least half of the estimated sample size was allocated. Results: thirty-three patients 

were available for the interim analysis (18 in BC and 15 in RF group). The average 

age was 62.18 ± 9.4 years. The primary objective showed no difference statistically 

significant between groups at the end of the study. Both groups presented similar 

complication rates. The influence of pain on daily activities of life, dimensions of 

pain, symptoms of neuropathic pain, mood, quantity of medication in use and quality 

of life, assessed with specific questionnaires, also showed no statistically significant 

difference. The RF group had more paresthetic symptoms than the BC group 

(2.08±1.99, 3.97±1.96; p=0.017) in the 30 days after the intervention, despite having 

no pain attacks (4.55±0.78, 5±0; p=0.015). The presence of continuous pain was 

similar in both groups. The study was interrupted due to futility. Conclusion: both 

methods show similar capacity in pain control. ClinicalTrials.gov Registry – 

NCT02427074. 

Descriptors: Trigeminal neuralgia; Rhizotomy; Denervation; Neurosurgical 

procedures; Clinical trial; Percutaneous catheter ablation. 



 

1 INTRODUCTION 
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Trigeminal neuralgia (TN) is characterized by shock-like paroxystic attacks 

distributed in one or more trigeminal branches. These attacks may occur spontaneously, or 

may be evoked by mechanical triggers such as lightly touching the skin, brushing teeth, 

chewing or even talking (Casey, 2005). It has been hypothesized that TN is triggered by 

contact between vessels and the root entry zone of the fifth cranial nerve (Nurmikko and 

Eldridge, 2001). However, recent data suggest that not only nerve deformation caused by a 

vessel, but also other factors relating to the trigeminal ganglion, the trigeminal nucleus or 

abnormalities in sodium channels may play a role in the initiation of symptoms (Siqueira 

et al., 2009; Montano et al., 2015). It has been estimated that TN affects from 4 to 13 per 

100,000 individuals-year, and that it tends to affect predominantly women (1:1.5 to 1:1.7). 

The right side of the face is affected more commonly than the left side (Katusic et al., 

1990; MacDonald et al., 2000; Casey, 2005; Gronseth et al., 2008; Obermann and 

Katsarava, 2009; van Kleef et al., 2009; Maarbjerg et al., 2017).  

TN is initially managed with medication. Based on systematic reviews and 

randomized controlled trials, carbamazepine (CBZ) has been strongly recommended 

as the initial drug of choice (Campbell et al., 1966; Rockliff and Davis, 1966; Killian 

and Fromm, 1968; Rasmussen and Riishede, 1970; Wiffen et al., 2014). 

Oxcarbazepine (OXC) is a good option with better tolerability than CBZ and 

reasonable pain control, although no comparison with placebo has been made (Liebel 

et al., 2001; Beydoun, 2002; Besi et al., 2015).  
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Despite the fact that up to 90% of individuals will initially achieve pain 

control through pharmacological treatment, some will eventually need surgical 

intervention in order to alleviate pain, either because of intolerable side effects or 

refractory pain. There are no large studies addressing long-term pharmacological 

failure, but some small studies have suggested that approximately half of TN patients 

will eventually fail to respond to medical treatment over a ten-year period (Taylor et 

al., 1981; McQuay et al., 1995; Fields, 1996; Casey, 2005; Cruccu et al., 2008; 

Holland et al., 2015). The surgical interventions that have been applied include 

posterior fossa procedures (commonly microvascular decompression, MVD) 

(Jannetta, 1967) and trigeminal ganglion (GG) interventions such as radiofrequency 

thermocoagulation (RF) and balloon compression (BC) (Sweet and Wepsic, 1974; 

Mullan and Lichtor, 1983). The RF and BC approaches are destructive procedures 

that led to various degrees of sensory changes. MVD can achieve long-term pain 

relief in up to 70% of patients (Brisman, 2007; Linskey et al., 2008; Pollock and 

Schoeberl, 2010; Wang et al., 2018) with no sensory disturbance in the postoperative 

period, albeit its highest risk of postoperative complications (stroke, meningitis, 

cerebral spinal fluid leak, hemorrhage in 2% and death in 0.4% of the patients) 

(Huibin et al., 2009; Zakrzewska and Linskey, 2009). Despite the increasing number 

of series reporting good outcomes after MVD, percutaneous procedures are still 

commonly used worldwide (Noorani et al., 2016; Yao et al., 2016). 

Since trigeminal ganglion procedures are less invasive and available, they 

became the intervention of choice in most pain centers (Sweet, 1975; Apfelbaum, 

1977; Lichtor and Mullan, 1990; Tronnier et al., 2001; Teixeira et al., 2006; Baabor 

and Perez-Limonte, 2011; Koopman et al., 2011; Kundu and Rolston, 2018). Up to 
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80% of the subjects treated with BC and RF may be free of pain depending on the 

follow-up period (Kanpolat et al., 2001; Bendtsen et al., 2019; Jones et al., 2019), 

although the end-points are not clear in the literature. The degree of pain control 

achieved through ablative approaches varies among the published reports (Sengupta 

and Stunden, 1977; Skirving and Dan, 2001; Teixeira et al., 2006; Tatli et al., 2008; 

Texakalidis et al., 2019). Facial hypoesthesia can occur in 19% of individuals in RF 

and 14% in BC; masticatory weakness 6% in RF and 4.5% in BC; corneal numbness 

in 6.6% in RF and 0.7% in BC and painful anesthesia in 0.1 to 4% in both, although 

the latter more frequent in RF (Bendtsen et al., 2019; Jones et al., 2019). 

Trigeminal neuralgia classification is another issue that evolved through time 

and still is a matter of debate. Predate to formal classification, facial pain was 

divided into three major types: typical TN (tic douloureux), atypical TN and atypical 

facial pain, depending on the predominant symptom (paroxysms in typical, constant 

in atypical TN and no paroxysms in atypical facial pain) (Burchiel and McCartney, 

2015). 

Another form of classification published in early 2000’s (Burchiel, 2003; 

Eller et al., 2005), classified the pain originated in the trigeminal nerve in specific 

groups, based on patient history and symptom onset (spontaneous or post-injury): 

TN1, TN2, trigeminal neuropathic pain, trigeminal deafferentation pain, 

symptomatic TN, postherpetic TN and atypical facial pain.  

The 2004 IASP/HIS Classification separated TN individuals in two groups: 

classic TN (essential and idiopathic) and symptomatic TN (similar pain to classic TN 

but with demonstrated structural anomaly other than vascular compression) 

(Obermann and Katsarava, 2009). 
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Over time, classification has evolved until Cruccu et al. (2016) and IASP/IHS 

later, stablished the current definition and subtypes (Chart 1). It accounts for two 

major groups: TN and painful trigeminal neuropathy. The latter is subsequently 

divided in classical, secondary and idiopathic. In order to classify TN, individuals 

must perform a MRI, since vascular compression must be investigated. The 

classification also incorporated some terms referring to prevailing symptoms: “purely 

paroxysmal” and “with concomitant continuous pain”, which does not carry any 

relation to etiology. Chart 2 summarizes the evolution of terms overtime. 

Chart 1 - Diagnostic criteria of TN according to IASP/HIS (Headache 

Classification Committee, 2018) 

A) Recurrent paroxysms of unilateral facial pain in the distribution(s) of one or more 

divisions of the trigeminal nerve, with no radiation beyond, and fulfilling criteria B 

and C 

B) Pain has all of the following characteristics: 

1. Lasting from a fraction of a second to two minutes 

2. Severe intensity 

3. Electric shock-like, shooting, stabbing or sharp in quality 

C) Precipitated by innocuous stimuli within the affected trigeminal distribution 

D) Not better accounted for by another ICHD-3 diagnosis 

Chart 2 - Evolution of TN classification over time 

 Until 2000's 2003-2005 IASP/IHS 2004 Since 2016 

TN 
Tic doulourex TN1 

Classic TN 

TN 

(Classical and 

idiopathic) 

Every type can 

present: 

 

- Purely paroxysmal 

 

- With concomitant 

continuous pain 

 

 

Atypical TN TN2 

Others 
Atypical 

facial pain 

trigeminal 

neuropathic pain 

Symptomatic 

TN 

Secondary TN 

trigeminal 

deafferentation pain Painful 

trigeminal 

neuropathy 

symptomatic TN 

postherpetic TN 

atypical facial pain 

Table presenting the changes throughout the years in TN classification and grouping 
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Despite not being addressed in the classification, classical and idiopathic TN 

may be referred to as primary (as in non-secondary) TN, since the use of the 

aforementioned terms impact more the therapeutic than diagnostic aspects (Bendtsen 

2019). 

The evolution of TN classification proved useful overtime since differences 

in pain presentation were not looked upon previously. Despite this improvement, the 

inclusion of MRI to the current criteria possesses a barrier to countries that present 

with limited resources. Even more, the presence of vascular compression may be 

only useful to individuals that may be prone to receive MVD. Nonetheless, 

percutaneous procedures are still largely used and, to these subjects, the presence of 

the deformation of the fifth nerve is not essential to select treatment. For this reason, 

the use of contrast-enhanced CT-scans, in order to discard space occupying lesions, 

still has its role and should not be overlooked. 

Despite the results from percutaneous procedures having been extensively 

reported, no formal comparison between BC and RF has been studied. The available 

data comes from large case series and retrospective cohorts and, therefore, very low 

level of evidence exists (Attachment A). Until the present moment, it remains largely 

unknown which of the two techniques is the more effective and, moreover, what their 

real profiles of pain relief and prevalence of adverse events related to them are. In 

addition, TN may present with non-paroxysmal pain associated with its classical 

paroxysms (Zakrzewska and Akram, 2011). The effects of treatment on these different 

types of pain has never been formally addressed to date. 

Here, we conducted an original prospective head-to-head randomized trial to 

assess superiority of RF over BC in controlling trigeminal pain. 

 



 

 

2 OBJECTIVES 
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2.1 Primary Objective 

The main objective of the present study was to evaluate the superiority of RF 

over BC in trigeminal pain control at six months from surgery. 

2.2 Secondary Objectives 

- To assess pain characteristics (presence of continuous pain and temporal 

features). 

- To assess mood and quality of life. 

- To assess and evaluate onset of new forms of pain and recurrence as well 

as their characteristics. 

The questionnaires applied to evaluate the secondary objectives will be used 

in further thesis with the intention to analyze a prediction model of outcome. 
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3.1 Overview of the Historical Aspects 

Trigeminal neuralgia is a unique neuropathic pain syndrome. Supposedly 

known for hundreds of years since first reports from Greek physicians, Arataeus of 

Cappadocia and Galen, in the 2nd century AD (Rose, 1999; Eboli et al., 2009), later 

studies suggested that these reports related more closely to atypical TN or migraine 

than to typical TN (Stookey and Ransohoff, 1959). Avicenna in the 11th century AD 

also described craniofacial disorders (Ameli, 1965), but he only portrayed two 

patients, one of which most likely had facial palsy (Lewy, 1938). 

Although the first full description is credited to John Locke in 1677 (Lewy, 

1938; Pearce, 1993; Rose, 1999) (whom, upon examining the wife of the English 

ambassador suffering from intense pain on the face and jaw, prescribed laxatives as 

treatment), the first documented report of TN was published in 1688, narrating the 

progressive deterioration of Johannes Laurentis Bausch of Germany until his death in 

1665, due to starvation caused by excruciating facial pain that forbid him to dwell 

(Cole et al., 2005; Eboli et al., 2009). 

Nicholas Andre in 1756, describing two individuals with TN, that presented 

with facial contraction (resembling that of epileptic seizures) during pain attacks, 

coined the term tic doulourex (Brown et al., 1999; Cole et al., 2005). He was also a 

pioneer in treating patients, following the works of Marechal (Stookey and 

Ransohoff, 1959; Pearce, 1993), who believing that “vicious nervous liquids” 
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distressed the nerve causing pain, frequently instilled caustic substances in the infra-

orbital nerve until its destruction. 

A complete and detailed documented description occurred in 1773 by 

Fothergill therefore later being also known as Fothergill’s Disease (Eboli et al., 

2009). Although not frequently cited, John Hunter had also contributed during that 

century because of his interest in nerve anatomy (Eboli et al., 2009). He is most 

likely to be the first to describe nerve pain. 

Its pathophysiology, deemed complex in nature since many factors may play 

a role, could be better understood after the discovery of the trigeminal nerve, its 

difference from the facial nerve, and its relation to the disease, by Charles Bell in 

1829 (almost simultaneously as Mangedie). Therefore, the trigeminal nerve was held 

responsible for the illness (Cole et al., 2005), and named trigeminal neuralgia. 

In the 1930s, the observations of Dandy stablished that demyelinization at the 

root entry zone was probably caused by pulsation of micro vessels to the nerve 

(Dandy, 1934), confirmed later by the observations of Jannetta, in 1967. A common 

denominator was frequently present: demyelization of the root entry zone of the fifth 

cranial nerve, either by a compressing vessel, tumor, multiple sclerosis or infection. 

This event is thought to generate ectopic action potential through ephatic 

transmission by Aβ-fibers and, associated with neuronal reorganization, led to 

misrouting of non-painful stimuli (talking, chewing, wind, light touch) to painful 

paths (allodynia), which prompts the painful shock-like attacks and may explain the 

trigger zones of the face (Casey, 2005; Eller et al., 2005; Obermann and Katsarava, 

2009). Albeit the discovery that neurovascular compression can play a more 

important role in initiation (Antonini et al., 2014), it may be seen in asymptomatic 
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individuals and, therefore, a predisposed condition may also account for this 

variability (Siqueira et al., 2009). 

Another hypothesis has been proposed. Devor et al, in 2002, published an 

excellent work explaining the “Ignition Theory” in which morpho- and physiological 

changes created by demyelination could explain the disease as a whole. 

3.2 Treatment Evolution 

3.2.1 Medical treatment 

Early medical treatment dates from the works of Fothergill, where he 

suggested the use of Peruvian bark, which contained quinine (an alkaloid agent) o 

treat TN. For the following 150 years, a number of medical treatments were proposed 

to mitigate the suffering of the individuals harboring this condition: all of them 

showing various degrees of toxicity and side-effects (Cole et al., 2005; Patel and 

Kiu, 2016). Even anecdotal use of sulphuric acid, applied directly to the face of an 

individual in the 17th century, has been reported (van Kleef et al., 2009). 

In the early and mid-20th century, trichloroethylene (with Plessner in 1915) 

and stilbamidine (with Napier and Sen Gupta in the 1940s and Woodhall and Odom 

in the 1950s) became popular; however, their side-effects prevented them being used 

for long periods (Patel and Kiu, 2016). 

Also in the 1940s, with the introduction of diphenylhydantoin, by 

Bergouignan (based on the hypothesis of Trousseau that TN was a type of sensory 

epilepsy) and in the 1960s, with carbamazepine by Blom (1962), non-surgical 

treatment became more feasible, tolerated and efficient, making way for a new era of 

medical treatment. 
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Since then, a wide range of similar medications have been tested (e.g. 

oxcarbazepine, pregabalin, gabapentin, baclofen), despite no formal comparison to 

placebo have been made (Gronseth et al., 2008; van Kleef et al., 2009; Bendtsen et 

al., 2019). 

Further observation that common medication (i.ex. morphine) were 

ineffective, added to the fact that TN pain was essentially a form of allodynia 

(corroborated to imply large Aβ-fibers to the generation of pain) (Bowsher, 1997), 

would be critical to the development of percutaneous procedures. 

3.2.2 Surgical treatment 

3.2.2.1 Open Surgery 

In 1750, a royal French surgeon, Maréchal, encouraged by the ideas of 

Nicholas Andres, as well as Veillard and Dussans, proposed severing the infra-orbital 

nerve as a form of treatment. After a series of unsuccessful procedures, this 

technique was abandoned (Stookey and Ransohoff, 1959). 

In the 18th century, after the discoveries of Charles Bell brought 

enlightenment to the medical community, a first attempt to surgically treat the 

malady by accessing the gasserian ganglion was performed by John Murray 

Carnochan in 1858: a transmalar neurectomy of the second trigeminal division at the 

foramen rotundum was performed with success (Tubbs et al., 2010).  

William Rose, in 1890, and Andrews in 1891, working separately, described 

the first ganglionectomy by an infratemporal approach (Stookey and Ransohoff, 

1959), severing the maxillary and mandibular divisions at its respective foramina and 

following posteriorly to the GG. However, the approach revealed to be toilsome. 
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In 1891, an approach to the GG through a transcranial route was described 

(Stookey and Ransohoff, 1959). This middle fossa, intradural procedure allowed 

better access to the more proximal structures to perform the rizothomy, but possessed 

the inconvenient of possible cavernous sinus laceration in the attempt to do the 

ganglionectomy, which rendered the interruption of the surgery. 

Two years later, Frank Hartley and Fedor Krause independently described a 

subtemporal extradural ganglionectomy which became known as the Hartley-Krause 

approach. A modification of the technique by Cushing in 1900 reduced mortality to 

5% (Cole et al., 2005) since he advocated a more basal temporal transcranial route, 

which led to less intraoperative bleeding and temporal lobe retraction. 

Despite their initial success, the approach to the ganglion was not very 

specific and total rizothomy was the rule: full-face anesthesia frequently complicated 

with corneal ulceration due to first division lesioning, and masticatory weakness due 

to third division sectioning. This led to modification and refinement of the technique 

by Spiller and Frazier in 1901, who, disregarding the GG, selectively severed the 

pre-ganglionic rootlets and described the preservation of the ophthalmic division and 

masticatory motor branches (Dandy, 1929) developing the partial sensory rizothomy 

(PSR). In 1959, Stookey and Ransohoff published the result of 700 PSR done over 

thirty years: 92% of the patients were pain free, 8% had facial palsy and 30% 

presented paresthetic symptoms. Gardner also published impressive results: up to 

99% of patients remained pain-free (Gardner, 1962) and with acceptable risks, with 

the Spiller-Frazier procedure 

In 1925, Walter Dandy, in an attempt to develop a less time-consuming and 

motor-preserving procedure, modified the middle fossa approach to a posterior fossa 
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one through a suboccipital craniotomy, associated with complete sensory rizothomy. 

He then, experimenting with partial rizothomy, achieved good results and 

preservation of skin sensation (of note, it is hypothesized that the rootles related to 

the ophthalmic division were spared because of technical difficulty, since through 

this approach they are located more medially and cannot be easily severed). 

Moreover, the risk of facial paralysis and blood loss were significantly lowered with 

this approach. In a series published in 1929, Dandy also suggested what would 

become the hallmark of the physiopathology: neurovascular compression by the 

superior cerebellar artery at the root entry zone. Even with this discovery, he 

continued to perform the selective rizothomy. Despite his enormous contribution 

(Dandy, 1932, 1934) with interesting results and intraoperative findings, the Spiller-

Frazier procedure remained the gold-standard for treating TN for almost 50 years, 

since Dandy stated that his procedure was not proven to be better than the 

aforementioned one (although he himself abandoned it and continued using his own). 

As of interest, some blame the Dandy-Cushing feud for the lack of widespread 

publicity of Dandy’s Work. 

In 1967, Jannetta, an enthusiast of the routine use of the surgical microscope, 

started exploring the nerves of the posterior fossa, using the approach described by 

Dandy, reliving interest in open surgery. His observations in 100 patients submitted 

to surgery were published in 1976 (Jannetta, 1976) where he could confirm vascular 

compression on the Obersteiner-Redlich zone of the fifth nerve causing 

demyelinizition. He also stated that mitigation of pain in the post-operative period 

had relation to occurrence of intra-operative nerve trauma. He recommended that the 

vessel deforming the trigeminal nerve should be moved and secured with a synthetic 
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sponge. Since non-destructive technics were less successful than destructive ones, 

the surgical community failed to accept the technique until multiple reports of 

encouraging results started to be published (Apfelbaum, 1977; Bederson and Wilson, 

1989; Barker et al., 1996). 

Following a series of excellent outcomes, microvascular decompression 

(MVD) became the gold-standard in treating TN patients, especially in cases with 

proven pre-operative nerve deformity caused by vascular anomaly (Barker et al., 

1996). It is expected that MVD led to 95% of relief and a rate of recurrence of 1% 

per-year (Tatli et al., 2008; Kundu and Rolston, 2018). 

3.2.2.2 Chemoneurolysis 

As mentioned before, the imputation of the disease to the trigeminal nerve 

incited the development of a number of techniques aiming at several degrees of nerve 

destruction in order to reduce skin sensation and, therefore, defuse the triggers of 

pain attacks. The excitement emerged by the results of destructive procedures to the 

GG and pre-ganglionic rootlets through an open approach stirred up the possibility of 

less invasive ablative ones: peripheral and percutaneous. 

The first destructive procedure through a less invasive approach was done 

with chemoneurolysis in the late 19th century, when Bartholow in 1876 and Neuber 

in 1883 applied chloroform and osmic acid, respectively, to the nerve trunks in the 

face. Later, in 1888, Pitres and Vaillard conducted animal experiments with alcohol 

administration to nerve trunks and evaluating its effects on sensitive and motor 

functions, leading to the broad use of this chemical agent in treating patients 

(Stookey and Ransohoff, 1959). 
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In 1904, Schloesser introduced peripheral chemoneurolysis using alcohol 

injection into peripheral nerves. Due to short-lasting effects, more toxic agents were 

progressively researched. In 1907, Wright applied osmic acid into the GG through an 

open procedure (Stookey and Ransohoff, 1959). 

In 1940, Harris published results from 30 years of percutaneously injecting 

alcohol into the GG, although a high number of them required repeated procedures 

until anesthesia was achieved. Despite the low mortality rate, the procedure often 

complicated with dysesthesia, Herpes simplex infection, hyperesthesia, keratitis, 

masticatory weakness (which took 3 months to resolve) and loss of taste. It is stated 

that the main limitation of the use of alcohol was its broad spread through the 

cisterns causing multiple cranial nerves deficiency (Cole et al., 2005). 

The description of the foramen ovale puncuture by Härtel (1914), 

recommendation of the use of X-ray to precisely locate the tip of the needle in the 

GG (Pollock and Potter, 1916; Putnam and Hampton, 1936; Stookey and Ransohoff, 

1959) and the development of an insulated needle that used electric stimulation for 

localization by Selverstone (Pollock and Potter, 1916; Putnam and Hampton, 1936; 

Stookey and Ransohoff, 1959) gave way to the safe delivery of substances in a more 

precise fashion (Figures 1, 2 and 3). 
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Fonte: Liu et al. (2007) 

Figure 1 - Figure depicting the location of the needle in the trigeminal ganglion through the 

foramen ovale approach  

 

Figure 2 - Anatomical model showing the trajectory of the percutaneous approach to the 

trigeminal ganglion through the foramen ovale 
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Figure 3 - Position of the needle through foramen ovale, from an intracranial view 

Therefore, chemoneurolysis with alcohol was used for most of the 20th 

century, until glycerol was discovered at random (Hakanson, 1981). The latter agent 

was delivered in the retrogasserian region and, albeit the high recurrence rate, 

sensitivity sequelae was low. Due to its reasonable performance, percutaneous 

retrogasserian chemoneurolysis is still largely used. 

The possibility of reaching the trigeminal ganglion and the pre-ganglionic 

rootlets gave rise to the pursuit of more advanced methods of ablation: more 

profound effects (reduced rates of recurrence) with less side-effects (avoidance of 

masticatory muscles weakness, intolerable paresthesia, painful anesthesia, keratitis 

and corneal ulceration). The principle of fiber destruction using chemical agents 

stimulated the development of other technics with the same purpose. 



REVIEW OF LITERATURE - 20 

 

3.2.2.3 Percutaneous procedures 

- Radiofrequency 

The first physical method attempt was described by Rethi in 1913 (Wilkins, 

2002). He applied electrocoagulation of the Gasserian ganglion. Followed by 

Kirschner in 1931 (Kirschner, 1963), both treated patients using Bovie, a monopolar 

cautery, with an insulated needle. 

Overtime, more selective methods of fiber destruction were developed in 

association with modern anesthetic procedures that allowed the surgeon to awake 

patients and examine the areas of hypoalgesia (Schurmann et al., 1972). 

In 1974, Sweet and Wepsic applied radiofrequency thermocoagulation of the 

preganglionic rootlets instead of electrocoagulation to the trigeminal ganglion, in 

order to overcome the frequent complications, for instance, blindness, ocular palsy 

and corneal ulceration (White and Sweet, 1969). Since radiofrequency 

thermocoagulation was deemed capable of preserving large fibers, skin sensation 

could be preserved (Letcher and Goldring, 1968; Frigyesi et al., 1975). The 

technique involved controlled coagulation by a radiofrequency generator and 

temperature control by a thermistor, associated with a potent short-acting sedative 

and electrical stimulation to help place the electrode in the right targeted division. 

Modification throughout the years were implemented and the use of neuroleptic 

anesthesia allowed aweakening the individuals and testing skin sensation. In 1996, 

Tew and Taha encouraged the use of curved thermistor in order to achieve even more 

selective lesions. 
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- Compression neurotomy 

In 1952, Palle Taarnhøj, modifying the Spiller-Frazier technique, gave rise to 

the basis of the Mullan technique: he used the middle fossa intradural subtemporal 

approach in order to decompress the dura mater over the trigeminal ganglion 

(Taarnhøj, 1954, 1956), a procedure often called gangliolysis. Of the 70 treated 

patients, it was stated that more than half presented with remission and only 9 cases 

recurred, with no complications. Pudenz in 1952 (Stookey and Ransohoff, 1959) and 

Shelden et al. in 1955 also published decompression approaches, but to the second 

and third trigeminal divisions around the foramina.  

Gardner and Miklos published a report of 112 individuals in 1959, known as 

the Cleveland series (the latter, known as the Copenhagen series), with 62% of 

excellent results. His technique was slightly different: after the dura being cut, the 

rootlets were gently brushed with cottonoid, causing a mild intra-operative nerve 

trauma. He stated that the compression, due to any abnormality present in the region, 

could be the cause of myelin loss. The relief of symptoms related to surgical trauma 

were also noted by Shelden et al. (1955, 1960) and Graf (1963). Although the rate of 

sensibility disturbance was low, the rate of recurrence was about 25%. 

Based on these findings, Mullan and Lichtor (1983) introduced a 

percutaneous technique in 1978 that used a Fogarty catheter in order to mildly 

traumatize the trigeminal ganglion and pre-ganglionic rootlets. The catheter was 

placed in the TG and insufflated with a contrast agent until a pear-shape of the 

balloon, confirmed with fluoroscopy, was obtained. The compression was 

maintained for 3 to 10 minutes. 
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Some modifications to the original technique have been described but mainly 

regarding volume of the balloon, duration of compression, type of anesthesia and 

type of stylet (preferably blunt in order to avoid major vascular injury to the internal 

carotid artery in the foramen lacerum) (Brown et al., 1996). Although the technique 

possesses a 60% rate of facial numbness and 15% of masticatory weakness (that 

usually resolved in 3 to 12 months), its major complication is intraoperative 

cardiovascular event, namely bradycardia. In 2010, Tibano et al. (2010) stated that 

the ganglionic block with local anesthetic, preceding the balloon compression, 

reduced those effects. 

- Contributions from University of Sao Paulo 

Some unpublished data, minutely described in Dr. Manoel Jacobsen 

Teixeira’s thesis, in 1984, who is an important researcher in TN, provides important 

aspects of University of Sao Paulo contribution, with Dr. Portugal’s experience with 

partial ganglionectomy and Dr. Tenuto’s works with retrogasserian fascicular 

sectioning (Teixeira, 1984). 
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4.1 Patients 

The individuals included in this study had the following characteristics: aged 18 

years or older; primary (not-secondary) TN (despite the term primary is not present in 

the current classification criteria, it is used here to group classical and idiopathic cases) 

(Cruccu et al., 2016; Headache Classification Committee, 2018); no major signs of 

trigeminal neuropathy on examination; refractory to medical treatment (no pain control 

or uncontrolled side effects with the maximum tolerated dosage of conventional 

medication – carbamazepine, phenytoin, oxcarbazepine or baclofen –  over the previous 

year, at least) (Wiffen et al., 2014) with involvement of second or third trigeminal 

division and no previous surgical procedure. Enrollment occurred between May 2015 

and December 2018. The exclusion criteria were: involvement of the first trigeminal 

division or trigeminal neuropathy, previous surgery and/or procedure, patients who 

refused to participate or had difficulty in understanding the study protocol (Chart 3). 

Chart 3 - Inclusion and exclusion criteria used in the present study 

Inclusion Criteria 

1. Diagnosis of Primary Trigeminal Neuralgia 

2. Refractory/Intolerable medical treatment 

3. Pain restricted to second or third trigeminal division 

4. No previous surgical treatment 

Exclusion Criteria 

1. Secondary Trigeminal Neuralgia/Trigeminal Neuropathy 

2. Pain restricted to the first trigeminal division 

3. Refuse to participate 

4. Unable to comprehend the questionnaires 

5. Previous surgery and/or procedure 
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4.1.1 Patients 

During study period, 87 patients were assessed for eligibility. After applying 

the inclusion and exclusion criteria, 33 were available for the interim analysis (25 

females; 62.18 ± 9.4 years old) (see CONSORT flow-chart – Figure 4): 57.6% with 

the mandibular division affected and twenty-one with right-sided TN. Table 1 shows 

the subjects’ characteristics and demographics, along comparisons between the 

groups. If patients failed to attend more than 20% of the visits, they were excluded 

from study protocol. 
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Figure 4 - CONSORT flowchart of the present study  
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Table 1 - Demographics and pain characteristics of all patients and subgroups 

Characteristics 
 

Total (33) 
Group 1 (BC) Group 2 (RF) 

p 
 (n=18) (n=15) 

Age (in years) 
 62.18 ± 9.4 

(40-78) 

65 ± 9.42 

(45-78) 

58.8 ± 8.47 

(40-71) 
0.058 

 

Sex 
Male 8 (24.2%) 5 (16.7%) 5 (33.3%) 

0.266 
Female 25 (75.8%) 15 (83.3%) 10 (66.7%) 

Skin colour 

White 26 (78.8%) 14 (77.8%) 12 (80%) 

0.458 Brown 6 (18.2%) 4 (22.2%) 2 (13.3%) 

Black 1 (3%) 0 1 (6.7%) 

Marital status 

Maried 17 (51.5%) 9 (50%) 8 (53.3%) 

0.772 

Divorced 6 (18.2%) 3 (16.7%) 3 (20%) 

Widow 6 (18.2%) 4 (22.2%) 2 (13.3%) 

Single 3 (9.1%) 2 (11.1%) 1 (6.7%) 

Stable union 1 (3%) 0 1 (6.7%) 

Trigeminal Division 
Second 14 (42.4%) 7 (38.9%) 7 (46.7%) 

0.653 
Third 19 (57.6%) 11 (61.1%) 8 (53.3%) 

Laterality 
R 21 (63.6%) 14 (77.8%) 7 (46.7%) 

0.064 
L 12 (36.4%) 4 (22.2%) 8 (53.3%) 

Other previous non-trigeminal 

pain syndrome 
 18 (54.5%) 12 (66.7%) 6 (40%) 0.126 

The values are presented as mean ± SD (range). 

BC: balloon compression; RF: radiofrequency. R: right; L: left. Significance set at p < 0.05. 

4.2 Location and Recruitment 

This study was conducted at the pain center outpatient clinic of Hospital das 

Clínicas, University of São Paulo. Patients with the diagnosis of TN were referred 

from regional neurology and pain clinics in the State of Sao Paulo (approx. 44 

million inhabitants) and were screened for participation by one of the researchers, 

either by phone or at in-person screening visits. The specific sites of each stage of the 

study is detailed below (Chart 4). 

Chart 4 - Physical sites used in the study 

Stage Location 

Screening and recruitment Outpatient pain clinic 

Pre- and post-operative evaluations Neurophysiology and Pain Center 

Procedure Surgical center of Instituto de Psiquiatria 
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4.3 Study design 

A prospective double-blinded (subjects and rater) head-to-head randomized 

clinical trial was designed to compare the effects of BC and RF on the trigeminal 

ganglion for treating TN. Analysis were made on intention-to-treat basis. Since there 

was a paucity of formal clinical trials on ablative surgery for NT (Zakrzewska and 

Akram, 2011), no formal sample size calculation could be performed beforehand. 

Therefore, we designed a pragmatic clinical trial: we used a convenience sample of 

TN patients based on the sample size of previous studies (n = 30 per arm), in order to 

assess equivalence between arms (Erdine et al., 2017; Zakrzewska and Akram, 

2011).  

A pre-planned interim analysis, previously approved by the institutional 

review board (IRB), was envisaged when half of the total sample was reached in both 

groups, in order to access safety and pain control data, and to assess whether there 

was any need to revise the number of subjects needed. The interim results were 

analyzed by an external research panel and one of the following decisions would be 

made: 1 – to stop the trial because significant differences between the arms had 

already been discerned; 2 – to stop the trial because it was futile to continue; or 3 – to 

pursue the trial with a new sample size calculated based on the information obtained 

from the first part of the study, with a new sample size target. This interim analysis 

was preplanned and was set forth in the registration document for this trial, which is 

available in the online open trial repository (clinicaltrials.org; NCT 02427074) 

(Attachment B). 
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After inclusion, patients were conducted as depicted in the Figure 5. 

 

SF-MPQ: Short-Form McGill Pain Questionnaire; DN4: Douleur Neuropatique 4; BPI: Brief Pain Inventory; 

NPSI: Neuropathic Pain Symptom Inventory; WHOQoL: World Health Organization quality-of-life 

questionnaire; PCS: Pain Catastrophizing Scale; HADS: Hospital Anxiety and Depression scale; MQS: 

Medication Quantification Scale; GIC: Global Impression of Change. 

Figure 5 - Scheme depicting follow-up and scheduled appointments  

4.4 Primary outcome measurement 

The primary outcome of the present study was assessed using the third item 

of the Brief Pain Inventory (BPI): numeric ranking scale (from zero to 10) of the 

worst pain in the last 24-hours. 

4.5 Secondary outcome measurement 

Secondary outcomes were measured using the specific questionnaires related 

below. Despite not being objective of analysis in the present thesis, data was 

collected for future studies and thesis aiming side-effects and prediction of response 

based on individual pain features, socioeconomics and psychological profile.  
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4.6 Randomization 

Individuals were randomly allocated to either balloon compression or 

radiofrequency thermocoagulation at a 1:1 proportion. An electronic software 

(available at www.randomizer.org) was used to perform the randomization in blocks 

of 4. 

4.7 Blinding 

Blinding of the subjects was ensured by informing patients they would 

undergo one of two traditional percutaneous techniques for treating the symptoms of 

TN. The responsible for randomization and data plotting did not participate in the 

surgical procedure nor the postoperative appointments; moreover, had no access to 

the patients’ intraoperative or outpatient visit records.  

A standardized questionnaire was used to assess the blinding of the study, 

which was filled out at the end of the trial. It was composed of four questions: 1 – 

How much pain did you experience during the surgical procedure, on a numerical 

rating scale from 0 (no pain) to 10 (worst pain)?; 2 – Would you be able to tell which 

treatment you were receiving (yes/no)?; 3 – If so, which group do you think you 

were in (group 1/group 2)?; 4 – Would you be willing to undergo the procedure again 

if it was offered to you (yes/no)? (Rocha et al., 2014). 

4.8 Ethics 

The Institutional Ethics Committee approved this protocol (CaPPesq 1180/09, 

Attachments C, D and E). A consent form was obtained for all patients (Attachment F). 
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4.9 Safety 

All percutaneous procedures were performed in a Surgical Suite by the same 

surgeon and under monitorization, followed-up closely by an independent 

anesthesiology staff member. 

4.10 Instrumentalized evaluation 

The subjects were evaluated using specific questionnaires. 

4.10.1 Brief Pain Inventory 

This consists of a 9-item questionnaire that includes a pain severity index 

(mean of questions 3-6, with a numerical rating scale that ranged from 0 to 10, such 

that the lower the score was, the lower the pain level was) and measurement of the 

interference of pain with daily activities (mean of questions 9A-9G, with a numerical 

rating scale that ranged from 0 to 10, such that the lower the score was, the less the 

interference was. In addition, this questionnaire can assist in gathering information 

about medications and dosage currently used by the subjects. The primary outcome 

used in the present study was the third question of this questionnaire, asked at the last 

evaluation (180 days after the procedure): “What was your worst pain level over the 

last 24 hours?” (Daut et al., 1983; Ferreira et al., 2011) (Appendix A). 
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4.10.2 McGill Pain Questionnaire - short form (SF-MPQ) 

This questionnaire contains 15 descriptors of pain within three aspects and 

qualities of pain: sensory-discriminative, affective-emotional and cognitive-

evaluative. The total score possible is 15, and each item is binary: present or absent 

(Melzack, 1987; Ferreira et al., 2013) (Appendix B). 

4.10.3 Douleur Neuropatique 4 questionnaire (DN4) 

This is a 10-item scale that evaluates the possible presence of a neuropathic 

component of pain. The screening is positive for scores ≥ 4 (Bouhassira et al., 2005; 

Santos et al., 2010) (Appendix C). 

4.10.4 Neuropathic Pain Symptom Inventory (NPSI) 

This is a validated instrument that encompasses various aspects of 

neuropathic pain. It is composed of 10 items that are presented as numerical rating 

scales with a range from 0 to 10, each referring to a specific feature: superficial 

spontaneous pain (question 1), deep spontaneous pain (mean of questions 2 and 3), 

paroxysmal pain (mean of question 5 and 6), evoked pain (mean of questions 8, 9 

and 10) and paresthesia/dysesthesia (mean of questions 11 and 12). The possible total 

score is 100. The temporal aspects of continuous and paroxysmal pain are assessed in 

question 4 (duration of spontaneous pain over the last 24 h) and question 7 (number 

of pain attacks over the last 24 h). NPSI was also used here to evaluate non-

paroxysmal pain: scores of 4 or higher than the mean in the first domain (superficial 

spontaneous pain) and second domain (deep spontaneous pain) were considered to 
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represent continuous pain (Bouhassira et al., 2004; de Andrade et al., 2011) 

(Appendix D). 

4.10.5 World Health Organization quality-of-life questionnaire – brief from 

(WHOQoL-BF) 

A short 26-item version of a full 100-item questionnaire which evaluates 

physical, psychological, social relationships and environmental relationships 

domains of quality of life. The higher the scores are, the better the quality of life is 

(Development, 1998; Fleck et al., 2000) (Appendix E). 

4.10.6 Pain Catastrophizing Scale (PCS) 

This is an instrument that evaluates the emotional distress and disability that 

pain causes in subjects. It consists of a 13-item scale, on which each item can be scored 

from 0 to 4 each, thus giving a total score of 0 to 52. The higher the score is, the more 

elevated the distress is (Sullivan et al., 1995; Sehn et al., 2012) (Appendix F). 

4.10.7 Hospital Anxiety and Depression Scale (HADS) 

This is a 14-item questionnaire (7 items for anxiety and 7 for depression 

symptoms, with scores ranging from 0 to 3 each) that aids in screening for mood 

disorders, with total scores from 0 to 21 for anxiety and for depression. Higher scores 

suggest depression/anxiety (Zigmond and Snaith, 1983; Pais-Ribeiro et al., 2007) 

(Appendix G). 
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4.10.8 Global Impression of Change (GIC) 

This is a scale used by the patient (p-GIC) and evaluator (c-GIC) to rate the 

global evolution of their pain since the first visit. In both cases, the GIC included 

seven ranks ranging from 1 to 7 (1 = very much improved, 2 = moderately improved, 

3 = slightly improved, 4 = no change; 5 = slightly worsened; 6 = moderately 

worsened; 7 = very much worsened) (Dworkin et al., 2005; de Andrade et al., 2011) 

(Appendix H). 

4.10.9 Medication Quantification Scale version 3 (MQSv3) 

This is a standardized scale for quantifying the medications used by the 

patient and their dosages. It provides a weighted final score for the “medication 

burden” (Harden et al., 2005). 

4.11 Procedures 

4.11.1 Anesthetic procedure and foramen ovale puncture 

All patients fasted for six hours before the intervention. An intravenous 

access was placed and prophylactic antibiotic was given 1 hour before surgery. The 

anesthetic routine for the BC comprised administration of intravenous (IV) propofol 

(2.5 mg/kg), IV fentanyl (50 to 150 mcg), muscle relaxant (rocuronium, 1 mg/kg) 

and placement of endotracheal catheter.  

The subjects received atropine (0.25 mg), and sedation was maintained with 

sevoflurane 1-1.2 MAC until the end of the procedure. For RF, the patients received 

mild sedation with propofol and fentanyl and an O2 catheter was placed. They were 
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then awakened for skin sensory evaluation. Under complete aseptic conditions, the 

skin over the needle entry-point was infiltrated with 1% lidocaine. The patient was 

placed in the supine position with the head perpendicular to the horizontal plane. The 

entry point was set as 2.5 to 3 cm laterally to the labial commissure, depending on 

whether the target was the third (mandibullary) or second (maxillary) trigeminal 

division, respectively. The planes used to access the foramen ovale had previously 

been described (Härtel, 1914; Tew Jr. and Keller, 1977; Mullan and Lichtor, 1983): 

one that passes through the ipsilateral pupil and another one 3 cm anteriorly to the 

tragus, also ipsilaterally. Using radioscopic imaging (Siemens®, Siremobile, 

Erlenzen, Germany), the puncturing of the foramen ovale was confirmed (using the 

clival line as the reference for the second trigeminal division; and 5 mm anteriorly to 

the clival line for the third trigeminal division) (Figures 6 and 7).  

 

Figure 6 - Topographic references for foramen ovale puncture 
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Figure 7 - LEFT: Photograph of the percutaneous approach to the trigeminal ganglion; 

RIGHT: respective fluoroscopy confirming the position 

4.11.2 Balloon compression 

For the BC technique, after puncturing the foramen ovale with a 14G needle 

(BR R Becton Dickinson, Juiz de Fora, MG, Brazil, Figure 8), 1% lidocaine was 

administered to the trigeminal ganglion until facial anesthesia was attained. Then, a 

4F Fogarty catheter (American Edwars Laboratory, USA, Figure 8) was placed in the 

trigeminal cistern and insufflated with 0.7 mL of the contrast agent Iopamiron® 

(125R, Schering, São Paulo, Brazil) until the balloon assumed a “pear shape” (Figure 

9) on the C-arm. Compression of the trigeminal division by the inflated balloon was 

maintained for 120 seconds. At the end, the balloon was deflated and the catheter and 

needle were removed. Mechanical compression was applied to the point of entry.  
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Figure 8 - Needle and Fogarty catheter used in balloon compression 

 

Figure 9 - Fluoroscopic image of the “pear-shape” of the balloon during compression 

4.11.3 Radiofrequency thermocoagulation 

For the RF technique, after puncturing the foramen ovale with the needle, an 

electrode (Radionics®, 15 cm, insulated, Figure 10) was inserted and connected to a 

Radionics® generator (RFG-3C Plus, Figure 10). After evaluating the impedance 

(250 - 300 ohms), the trigeminal division of interest was confirmed through 
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stimulation (sensory stimulation at 50 Hz and 0.1 to 0.5 V, with the patient awake to 

describe the area of paresthesia, and motor stimulation at a frequency of 2 Hz and 0.1 

to 0.5 V, with the patient asleep, until masticatory movements were observed). After 

confirming which trigeminal division was to be targeted, we began inducing the 

thermocoagulation injuries, which was done at 70 °C for 60 seconds. The pinprick 

sensation was tested and compared to the contralateral side using a safety pin 

between cycles and this process was repeated until skin anesthesia over the targeted 

area had been achieved (an average of 2 to 3 cycles were necessary). 

 

Figure 10 - RF electrode and radiofrequency generator utilized 

4.12 Missing Data 

For patients to be included in the analyses, a minimum of 80% attendance 

was required and provision of at least 80% of the information at each clinical visit. 

Data imputation was done by using the last-observation-carried-forward 

methodology.  
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4.13 Statistical Analysis 

The variables were expressed using absolute values and frequencies (for 

categorical variables), and means and standard deviations along with minimum 

and maximum values for continuous variables. The effect of the interventions on 

the main outcome, i.e. ‘worst pain level over the last 24 hours’ was assessed 

using a series of generalized estimation equations (GEE). The measurements at 

the baseline and at seven, 30, 60, and 180 days after the intervention were 

evaluated longitudinally, and the fact that all measurements were estimated for 

the same patient was accounted for.  

Since the outcome presented non-normal distribution, its raw numerical 

values were re-categorized as indicator variables with cutoff points greater than 

or equal to two, three, five or seven points (in doing this, differences between the 

procedures that were small and under or above five, could be tracked). These 

dichotomous values were analyzed through GEE with binomial distribution. The 

models evaluated the association between the outcome and the two interventions, 

and differences at the baseline were accounted for.  

We reported the results as the predicted means for numerical outcomes and 

as odds ratios for categorical outcomes, along with 95% confidence intervals 

(Rutten-van Molken et al., 1994). The Kolmogorov-Smirnov test was used to test 

the normal distribution of variables. For non-normally distributed variables, 

comparisons between groups were made using the Mann-Whitney test and 

Pearson's chi-square test. The Student t test was used for normally distributed 

variables.  
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For the interim analysis, the sample size for the difference in slopes between 

the balloon compression and the conventional radiofrequency groups was calculated, 

to yield a power of 0.8 and detect a difference in slopes of 1.5, with a residual 

variance of 1 and a significance level of 0.05 (Diggle et al., 2002). 

Statistical analyses were performed using IBM SPSS (Statistical Package for 

Social Sciences) v17.0 and R-Project (r-core team REF).  

 

 



 

 

5 RESULTS 
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5.1 Social-demographic data 

Eighty-seven patients were assessed for eligibility. Thirty-three were 

included for the interim analysis: 57.6% with the mandibular division affected 

and twenty-one with right-sided TN. Of the total, 25 were females with a mean 

age of 62.18 ± 9.4 years old. Table 1 shows the subjects’ characteristics and 

demographics included in preplanned interim analyses, along with comparisons 

between the groups.  

5.2 Baseline charactheristics 

The two groups showed similar medication usage at the baseline, as 

depicted by the MQS score (10.63 ± 6.21 for BC; 12.47 ± 4.44 for RF; p = 0.292). 

The pain characteristics at the baseline were evaluated using several 

questionnaires (Table 2). There was no difference in the total SF-MPQ score 

between the BC and RF groups (12.89 ± 1.71 and 12.2 ± 2.51, respectively; p = 

0.617). There was also no significant difference between the groups regarding 

positive DN4 scores (total score ≥ 4: 88.9% in BC group versus 80% in RF group; 

p = 0.639). In the BPI questionnaire, there was no difference between the groups 

regarding the worst pain level over the last 24 h (Figure 3), i.e. main outcome of 

the study (6.94 ± 3.55 and 8.2 ± 3.19, for BC and RF groups respectively; p = 
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0.292); or in relation to the pain intensity index (4.46 ± 2.68 in BC and 5.08 ± 

2.66 in RF; p = 0.526). There was also no difference between the groups 

regarding pain interference (6.72 ± 2.95 in BC and 6.26 ± 2.61 in RF; p = 0.527). 

Regarding the specific pain characteristics analyzed using the NPSI, the 

two groups presented similar subgroup features (spontaneous superficial pain: 

6.28 ± 3.8 and 4.8 ± 4.75, p = 0.362; deep spontaneous pain: 3.39 ± 4.09 and 3.93 

± 4.6, p = 0.876; paroxysmal pain: 5.39 ± 3.87 and 6.53 ± 4.34, p = 0.262; evoked 

pain: 5.63 ± 3.76 and 5.38 ± 3.37, p = 0.828; and paresthesia/dysesthesia: 4.28 ± 

3.41 and 4.6 ± 3.62, p = 0.729; BC and RF group, respectively). Regarding the 

duration of spontaneous pain, it was less than 1 h for 33.3% of the patients in the 

BC group and 53.3% in RF group. For 27.8% of the individuals in the BC group 

and 26.7% in the RF group, there were no pain attacks within the last 24 h, nor 

was the total score significant (49.28 ± 29.16 in BC group and 51.07 ± 32.89 in 

RF group; p = 0.857). Furthermore, none of the other features reported (PCS, 

WHOQoL and HAD) showed any differences. 
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Table 2 - Baseline characteristics of both groups and comparison between 

variables 

 
Group 1 (BC) Group 2 (RF) 

P 
n=18 n=15 

SF-MPQ    

   Domain    

   Sensitive (0-8) 6.28 ± 1.56 (2-8) 5.87 ± 1.77 (2-8) 0.540 

   Affective (0-5) 4.61 ± 0.61 (3-5) 4.33 ± 0.9 (2-5) 0.381 

   Evaluative (0-2) 2 ± 0 (2) 2 ± 0 (2) 1.000 

   Total (0-15) 12.89 ± 1.71 (9-15) 12.2 ± 2.51 (6-15) 0.617 

DN4    

   Total (0-10) 5.33 ± 2 (0-8) 5.87 ± 2.47 (1-9) 0.382 

   Neuropathic pain (≥ 4) 16 (88.9%) 12 (80%) 0.639 

BPI    

   Intensity of pain variables    

   Worst pain last 24h (0-10) – Study main outcome 6.94 ± 3.55 (0-10) 8.2 ± 3.19 (0-10) 0.292 

   Least pain last 24h (0-10) 1.72 ± 2.78 (0-8) 1.8 ± 2.86 (0-9) 0.863 

   Average pain last 24h (0-10) 5.05 ± 3.08 (0-9) 6.27 ± 2.76 (0-10) 0.266 

   Pain right now (0-10) 4.11 ± 3.46 (0-10) 4.07 ± 3.95 (0-10) 0.882 

   Relief last 24h w/ medication (%) 
48.89 ± 28.67 

(0-100) 

68.67 ± 28.9 

(10-100) 
0.238 

   Pain intensity index (0-10) 4.46 ± 2.68 (0-8.75) 5.08 ± 2.66 (0-9.75) 0.526 

   Interference    

   General activity (0-10) 6.55 ± 3.99 (0-10) 5.4 ± 4.5 (0-10) 0.536 

   Mood (0-10) 6.67 ± 3.66 (0-10) 7.73 ± 3.71 (0-10) 0.255 

   Walking (0-10) 5.61 ± 4.39 (0-10) 5.53 ± 4.45 (0-10) 0.985 

   Normal work (0-10) 6.67 ± 4.39 (0-10) 5.8 ± 3.73 (0-10) 0.437 

   Relationship (0-10) 6.89 ± 3.83 (0-10) 6.87 ± 3.85 (0-10) 0.880 

   Sleep (0-10) 6.28 ± 4.31 (0-10) 5.27 ± 4.16 (0-10) 0.432 

   Enjoyment of life (0-10) 8.39 ± 2.61 (0-10) 7.2 ± 3.97 (0-10) 0.506 

   Pain interference in daily life (0-10) 6.72 ± 2.95 (0-10) 
6.26 ± 2.61 (2.57-

10) 
0.527 

MQS    

   Score 
10.63 ± 6.21 

(0-22.8) 

12.47 ± 4.44 

(5.6-19.4) 
0.292 

NPSI    

   Superficial spontaneous pain (0-10) 6.28 ± 3.8 (0-10) 4.8 ± 4.75 (0-10) 0.362 

   Deep spontaneous pain (0-10) 3.39 ± 4.09 (0-10) 3.93 ± 4.6 (0-10) 0.876 

   Paroxysmal pain (0-10) 5.39 ± 3.87 (0-10) 6.53 ± 4.34 (0-10 0.262 

   Evoked pain (0-10) 5.63 ±3.76 (0-10) 5.38 ± 3.37 (0-10) 0.828 

   Paresthesia/dysesthesia (0-10) 4.28 ± 3.41 (0-10) 4.6 ± 3.62 (0-10 0.729 

   Duration of spontaneous pain last 24h (1-5) 3 ± 1.81 (1-5) 3.33 ± 1.99 (1-5) 0.520 

   Number of pain attacks last 24h (1-5) 3.17 ± 1.65 (1-5) 2.8 ± 1.7 (1-5) 0.602 

   Continuous pain less than 1h last 24h 6 (33.3%) 8 (53.3%) 0.247 

   No pain attacks last 24h 5 (27.8%) 4 (26.7%) 1.000 

   Total (0-100) 
49,28 ± 29.16 

(0-99) 

51.07 ± 32.89 

(1-98) 
0.857 

to be continued 
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conclusion 

 
Group 1 (BC) Group 2 (RF) 

P 
n=18 n=15 

WHOQOL    

   Domain    

   Physical (7-35) 19.78 ± 5.45 (9-28) 19.07 ± 5.38 (8-31) 0.404 

   Psychological (6-30) 19.28 ± 4.7 (10-26) 17.6 ± 5.38 (7-29) 0.301 

   Social (3-15) 10.44 ± 1.76 (6-12) 10.4 ± 2.75 (5-15) 0.970 

   Environmental (8-40) 
25.39 ± 4.53 

(16-32) 

26.6 ± 5.29 

(12-36) 
0.536 

PCS    

   Score (0-52) 
35.89 ± 11.13 

(13-52) 

32.47 ± 11.35 

(14-51) 
0.395 

HAD    

   HAD-A (0-21) 10.11 ± 5.72 (3-21) 10.33 ± 4.7 (1-17) 0.744 

   HAD-D (0-21) 6.72 ± 6.04 (0-18) 6.8 ± 5.03 (0-17) 0.703 

   Total score (0-42) 16.83 ± 9.6 (3-36) 17.13 ± 8.79 (5-31) 0.899 

The values are presented as mean ± SD (range) or n (%). 

BC: balloon compression; RF: radiofrequency. SF-MPQ: Short-Form McGill Pain Questionnaire; DN4: 

Douleur Neuropatique 4 Questionnaire (neuropathic pain present ≥ 4); BPI: Brief Pain Inventory; MQS: 

Medication Quantification Scale version III; NPSI: Neuropathic Pain Symptom Inventory; WHOQOL: World 

Health Organization Quality of Life Questionnaire brief form; PCS: Pain Catastrophizing Scale; HAD: Hospital 

Anxiety and Depression Scale (HAD-A: anxiety symptoms; HAD-D: depression symptoms). Significance is set 

as p < 0.05. 

5.3 Primary Objective 

Numeric ranking scale over the last 24 hours between each group at six 

months revealed no significant difference (CI95% 0.6 – 3.84 and -0.64 – 2.24, for 

BC and RF, respectively). Table 3(a) displays information on the study’s main 

outcome, which was categorized as higher or lower than five. We present data on this 

outcome and its association with the intervention groups, taking into account all the 

follow-up measurements up to the 180-day assessment, by using Generalized 

Estimated Equations (GEE) models. The results were corrected for age and race, and 

indicated that there were no statistically significant differences between the two 

groups. A similar pattern was observed when re-categorizing the worst pain level 

over the last 24 hours into higher or lower than two, three or seven, as depicted in 



RESULTS - 46 

 

Table 3(b). Despite some change overtime could be observed in each group, this 

difference did not reach statistical significance. Graphic 1 illustrates the comparison 

of the worst pain level over the last 24 hours, over time, between the two intervention 

arms. Patients subjected to BC therapy or RF reported similar pain intensities over 

the study period. At 180 days after the intervention, the patients in the balloon 

compression group reported slightly higher levels of pain, compared with those in the 

radiofrequency group, although no significant difference was observed. 

Table 3 - Predicted odds ratio and confidence intervals for the worst pain level over 

the last 24 hours 

 Group 1 (BC) Group 2 (RF) 
P 

 n=18 n=15 

a)    

    Worst pain in the last 24 hours above 5a 1.12 (0.51, 2.49) 1 [Referent] 0.78 

b)    

    Worst pain in the last 24 hours above 2b 1.07 (0.48, 2.39) 1 [Referent] 0.86 

    Worst pain in the last 24 hours above 3b 1.06 (0.48, 2.33) 1 [Referent] 0.88 

    Worst pain in the last 24 hours above 7b 1.22 (0.51, 2.93) 1 [Referent] 0.66 

Comparison of the “worst pain level over the last 24 hours” transformed to a dichotomous variable (a: 

above 5; b: above 2, above 3 and above 7). 

The values are presented as odds ratio (95% confidence intervals). BC: balloon compression; RF: 

radiofrequency. Significance is set as p < 0.05. 

Graphic 1 - Numerical rating scale (NRS) of main outcome (worst pain level 

over the last 24 hours) 

 

Results expressed as mean and standard error between groups, in each appointment. 
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5.4 Secondary Objectives 

Concerning the pain phenotype, patients in the RF group reported more 

paresthetic symptoms than those in the BC group (2.08 ± 1.99 versus 3.97 ± 1.96, 

respectively; p = 0.017). Moreover, there was a higher number of RF patients who 

were completely pain-free (100% of these individuals), compared with the BC group 

(4.55 ± 0.78 versus 5 ± 0; p = 0.015) at the first assessment (visit 1 at 7 days 

postoperatively). The paresthesia symptom scores were significantly higher in the RF 

group at 30 days (V2; p = 0.01), but these symptoms were resolved during the 

follow-up (V5; p = 0.294). At 90 days (V4), the individuals in the BC group 

presented lower NPSI total scores (9.61 ± 15.2 versus 15.07 ± 20.75 in the RF group; 

p = 0.038), but at the last evaluation, this difference was no longer present (p = 

0.598). 

Patients presenting with continuous pain at the baseline comprised 66.7% of 

the BC group and 53.3% of the RF group. At the last evaluation, these proportions 

were 5.6% and 20%, respectively. No difference was noted at either time: p = 0.435 

and p = 0.308. Regarding purely paroxysmal pain, at the baseline this affected 16.7% 

in the BC group and 40% in the RF group. After the follow-up, these proportions 

were 72.2% and 66.7%, respectively. Again, no difference was observed (p = 0.239 

and p = 0.730). 
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5.5 Pain and Associated Variables 

In terms of presence of neuropathic pain using the DN4 questionnaire, 33.3% 

and 60% of the individuals, respectively in the BC and RF groups, scored 4 or more 

at 6 months (V5). Although these proportions were lower than at baseline (88.9% 

and 80% for BC and RF), no difference was observed between groups (p = 0.126). 

Regarding the pain descriptors using the SF-MPQ, although some reduction 

over time was observed, no significant difference was found (12.89 ± 1.71 and 12.20 

± 2.51; 3.39 ± 4.23 and 2.20 ± 3.86; for BC and RF at the baseline and last 

appointment, respectively). 

Evaluation of emotional distress and disability using PCS showed total scores 

at the last appointment of 13.50 ± 15.72 and 11.67 ± 14.40, for BC and RF 

respectively. These scores were not statistically different. 

The medication usage, quantified using the MQS vIII, ranged from 10.63 ± 

6.21 to 5.84 ± 6.60 for the BC group, and from 12.47 ± 4.44 to 5.82 ± 6.75 for the 

RF group, also with no difference between them. 

Quality of life and its domains, assessed using WHOQoL did not show any 

significant differences, despite showing increased scores over time. 

The mood symptoms of anxiety and depression, evaluated through the HADS 

questionnaire, showed improvement over the study period (total scores of 16.83 ± 9.6 

and 17.13 ± 8.79 at the baseline and 8.17 ± 6.77 and 10.27 ± 8.67 at the last 

appointment, respectively for BC and RF). However, no significant difference 

between the groups could be seen. 
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5.6 Blinding Assessment 

Pain during the procedure was evaluated because this is a possible source of 

blinding bias. The mean values (ranging from 0 to 10) and standard deviations for 

BC and RF were, respectively, 1.33 ± 2.06 and 4 ± 2.27 (p = 0.02). This revealed that 

the subjects in the RF group experienced more pain during the intervention than did 

those in the BC group. 

After completion of the protocol, 44.4% of the individuals in group BC 

reported that they were able to tell which group they had been allocated to, and 

66.7% of these individuals guessed it right. In group RF, the proportion was 37.5% 

for both (p = 0.35). When asked if they would be willing to undergo the procedure 

again if it was offered, the proportions were 55.5% and 50%, for groups BC and RF, 

respectively. None of these proportions were statistically significant. 

5.7 Procedures and Safety 

All the patients were discharged from hospital within 24 hours after the 

intervention. There was no difference in postoperative pain between the groups: 

patients in both groups experienced new pain after the procedure. However, this pain 

was self-limited and was relieved with common painkillers (the intensity and 

duration were similar). 
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5.8 Effect and Sample Size 

The preplanned interim analysis was performed at the time when each arm 

reached half of the scheduled number of subjects, in order to evaluate the safety and 

effect size of the protocol. The power of the present study was 4.7%. Therefore, to 

show a real difference between the groups (with a power of 80% and a significance 

level of 0.05), if there truly was any difference whatsoever, 1500 individuals per arm 

would be needed, thereby rendering the value of the interventions doubtful. A 

calculation to update the sample size, so that it would be capable of showing any 

difference that might exist between the groups, using generalized estimated equations 

in future studies, indicated that 1457 individuals per arm would be needed. 

Therefore, the study was halted because it would have been futile to continue. 

 

 



 

 

6 DISCUSSION 
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Here, we report the results from the first attempt to prospectively compare the 

two most commonly used percutaneous interventions for TN using a randomized 

double-blind trial. After a preplanned interim analysis, the study was halted because 

it would have been futile to continue. No significant effects were found in relation to 

the primary outcome, i.e. pain intensity after six months using the BPI questionnaire. 

The sample size used in the present study was based on previous reports of 

the effect size in surgical TN trials (Zakrzewska and Akram, 2011). However, a post-

hoc power analysis calculated using the effect sizes obtained in the present study 

suggested that, if a real difference in pain relief should exist between the two 

interventions, a clinical trial would require a large number of participants in each 

arm. This sample size is higher than the sum of all the patients enrolled in all TN 

trials performed to date, including pharmacological trials (Broggi et al., 1990; Taha 

and Tew, 1996; Skirving and Dan, 2001; Teixeira et al., 2006; Koopman et al., 

2011). For example, the largest series published enrolled 1,600 patients over 25 

years, which is approximately the number needed for just one arm (Kanpolat et al., 

2001). 

Although TN is a neuropathic pain syndrome, its paroxysmal and episodic 

nature imposes some obstacles in quantifying pain, as depicted by the low positivity 

of the DN4 at baseline. Therefore, the use of alternative instruments (eg., NPSI) may 

be helpful to characterize the other pain features such as its temporal pattern 
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(paroxysmal or continuous) and number of paroxysms per day. This is in accordance 

with an issue repeatedly stated in TN research: which is the best method to better 

evaluate a neuropathic pain that is episodic in nature. To our knowledge, this is the 

first study to use specific questionnaires to overcome this hindrance. Interestingly, 

some differences in secondary outcomes were observed between the groups: 

individuals receiving RF experienced more paresthetic symptoms after the procedure 

despite presenting no pain attacks at V1. This suggests that this symptom after 

percutaneous thermocoagulation may be expected as a side-effect but it will most 

likely subside after 4 weeks. On the other hand, the patients who underwent BC 

presented lower total NPSI scores at V4. At the last evaluation, the previously 

observed differences disappeared. We also used specific NPSI scores to evaluate 

occurrences of non-paroxysmal facial pain: no difference was observed between the 

baseline and the last appointment, despite a reduction over time. 

The decision regarding which treatment to offer patients with trigeminal 

neuralgia has been an issue of great debate for a long time. Although adequate pain 

control has been achieved through use of carbamazepine (Campbell et al., 1966), 

some patients may suffer from unsustainable side-effects or may not reach 

satisfactory pain-attack control (Fields, 1996; Casey, 2005; Cruccu et al., 2008). 

Therefore, thorough evaluation of individuals and images are paramount in deciding 

which intervention should be proposed. 

 Percutaneous procedures have been used for over four decades without clear 

evidence regarding which of these is most effective for controlling TN pain. A 

number of large series of patients who underwent ablative interventions is available 

in the literature, but the outcomes have often been measured using different 
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instruments that exhibit poor clinical relevance. Moreover, the pain characteristics 

are often not considered in a comprehensive manner: for instance, number of pain 

attacks, intensity of pain attacks, reduction of medication burden, non-paroxysmal 

pain, etc (Attachment A - summarizes the largest and most important case-series and 

outcome measurements). 

Taking into account procedure-related risks and technical difficulties, it 

appears that ablative procedures are preferred over MVD for a number of reasons 

(Cruccu et al., 2008; Gronseth et al., 2008): simplicity, outpatient management and a 

low profile of severe side effects. In addition, the outcomes of the latter appear to be 

better only in high-volume centers (Kalkanis et al., 2003). Historically, individuals 

often underwent percutaneous ablative procedures for the above mentioned reasons 

and because of the need for a learning curve for MVD (Broggi et al., 1990; Teixeira 

et al., 2006; Spatz et al., 2007; Zakrzewska and Linskey, 2009; Koopman et al., 

2011; Jones et al., 2019). Since the time when ablative procedures became part of the 

armamentarium of treatment options for NT (Sweet and Wepsic, 1974; Mullan and 

Lichtor, 1983), the procedures most used have been BC and RF. Despite their 

safeness, evaluation of the pain profile has not been formally addressed; the most 

commonly used outcome is recurrence rate; however, there is no well-established 

instrument for its measurement (Kanpolat et al., 2001; Bendtsen et al., 2019; Jones et 

al., 2019). 

Despite the lack of differences between the two interventions regarding the 

primary outcome, some technical difficulties ought to be pointed out: while BC 

demands use of a Fogarty catheter and general anesthesia, RF requires a disposable 

electrode, a radiofrequency generator and specialized anesthesia for a sleep-wake-
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sleep procedure (because of the need to evaluate skin sensation after lesioning). 

Therefore, due to the need for a larger number of items and special conditions, RF is 

a method that may not be available in every pain center. On the other hand, BC is a 

very simple method and requires only a Fogarty catheter. 

Recently, Gamma-knife surgery has been offered as an alternative treatment 

for TN. Despite the lack of invasiveness, the equipment is not widely available and 

the procedure lacks good results in pain-control when compared to other procedures 

(Lopez neurosurgery 2004; Regis j neurosurgery 2016; Wang j neurosurgery 2018). 

Moreover, after treatment, it may take up some time to mitigate pain (Nurmikko and 

Eldridge). 

After thoroughly obtaining our patients’ histories and physical examinations, 

they underwent head CT scans to assess secondary causes of TN, since our setting is 

one of limited resources and MVD was not the gold-standard method for treating TN 

at that time. As stated in the literature (Antonini et al., 2014), neurovascular 

compression (NVC) can be detected in 76% of symptomatic cases. The current 

classification of TN clearly states the need for MRI (in order to evaluated 

neurovascular conflict) (Cruccu et al., 2016; Headache Classification Committee, 

2018), this only impacts the decision to which procedure to recommend (for instance, 

two patients may have the same clinical features and different MRI results: presence 

and absence of the vascular loop with morphological and signal changes). However, 

both of them could benefit from percutaneous procedures.  

In our series, not all individuals were submitted to MRI scans, the high 

prevalence of NVC meant that we most likely included cases of classic and 

idiopathic TN, while excluding secondary TN, since all individuals had a normal 
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head CT scan. Therefore, inclusion of possible cases of CTN should not be 

considered to be a limitation. However, this raises the question of whether there is a 

role for CT scans in classifying TN: an issue that may be better evaluated in future 

studies, especially in resource-limited settings. And, therefore, it seems more logical 

to place Classical TN under primary TN in the classification. 

6.1 Limitations 

The sample was relatively small, given that we estimated a sample size based 

on the size of previous trials on TN. In a Cochrane metanalysis in 2011 (Zakrzewska 

and Akram, 2011), it was stated that the greatest issue with all studies was the lack of 

standardized clinical outcome. Therefore, direct calculation of the study power like 

in the present study was challenging. Based on the analysis of the papers described in 

this metanalysis, we estimated that 25 patients per group would be adequate. 

Nonetheless, we decided to add another 5 patients in each group. Some difficulties 

during recruitment were experienced, which led us to halt the recruitment once we 

had at least 15 patients in both groups and to perform the preplanned interim 

analysis.  

The results from the present study could be used to calculate a more precise 

power for future studies. The sample size obtained was more appropriate and this 

revealed that a proper randomized clinical trial (RCT) may be unfeasible due to the 

large number of individuals harboring this rare condition that would be needed.  

With regard to possible blinding bias, despite our attempts to blind subjects 

for the randomized intervention, the assessment using a pain questionnaire during the 

procedure revealed that the individuals who underwent RF are likely to be able to 
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identify their allocation group, which may have been detrimental to the study. Even 

though the blinding assessment revealed that the pain level during the procedure was 

higher in the RF group, the blinding was probably preserved since the remaining 

assessments did not show any differences between the groups.  

Regarding the short follow-up period of 6 months, this was used in order to 

avoid losing patient follow-up for any reason and also to evaluate the effects of 

interventions over short and medium terms. Nonetheless, a 6-month period is a long 

time to sustain a clinical trial without any losses. On the other hand, given our lack of 

concrete information on the time that might be required for relapse to occur, setting 

the follow-up as a six-month period was arbitrary. 

Despite the exploratory nature of the data reported here as secondary 

objectives of this study, their use may provide guidance on how to better evaluate 

this complex painful disorder, for future researches. 
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a) Regarding the primary objective, radiofrequency was not superior to 

balloon compression in controlling trigeminal pain in six months from 

surgery. 

b) Regarding secondary objectives: 

- continuous pain was equally present in both groups after follow-up. 

- mood and quality of life improved significantly in both groups however 

no difference between them was present at follow-up. 

- recurrence and frequency of pain after RF and BC was low and did not 

differ between groups at follow-up, despite patients receiving RF 

presenting more paresthetic symptoms the following month after the 

intervention, 
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Attachment A - Published data with outcomes in TN patients treated with percutaneous methods 

Author Year Study design N Technique Outcome Instrument 
FU 

(mean) 
Results 

Immediate 

relief 

Nanjappa 2013 descriptive 15 RF efficiency NR 12m 100% 80% 

de Siqueira 2006 prospective 105 BC relapse at FU Questionnaire 210d 16.20% 99% 

Campos and Linhares 2011 prospective 39 BC relapse at FU NRS, QoL 50m 20% 93.50% 

Singh 2014 prospective 18 RF pain relief NR 18m 33% 77.80% 

Zakrzewska 1999 
prospective 

longitudinal 
48 RF time to relapse MPQ, HAD 30m 40m NR 

Burchiel 1981 retrospective 92 RF relapse at FU NR 5y 65% NR 

Nugent 1982 retrospective 800 RF NR NR 4.7y NR NR 

Latchaw 1983 retrospective 96 RF pain relief NR 5y 52% NR 

Spincemaille 1985 retrospective 53 RF success rate NR 2y 96% 85% 

Mittal 1986 retrospective 280 RF success rate NR 3.8y 94% NR 

Meglio 1989 retrospective 33 RF time to relapse NR 2y 18.5m 81.80% 

Meglio 1989 retrospective 74 BC time to relapse NR 2y 6.5m 93.20% 

Broggi 1990 retrospective 1000 RF relapse at FU NR 9.3y 18% 95% 

Lichtor and Mullan 1990 retrospective 100 BC relapse at FU NR 5y 20% 97% 

Choudhury 1991 retrospective 40 RF relapse at FU NR 2y 15% NR 

Sanders 1992 retrospective 240 RF relapse at FU NR 50m 8.30% NR 

Taha and Tew 1996 retrospective 500 RF relapse at FU Pain recurrence 9y 20% 98% 

Oturai 1996 retrospective 185 RF relapse at FU NR 8y 49% 83% 

Correa 1998 retrospective 187 BC relapse at FU NR 3y 8% 100% 

Yoon 1999 retrospective 81 RF relapse at FU NR 8.5y 74% 87% 

Kanpolat 2001 retrospective 1600 RF relapse at FU NR 68m 42.30% 97.60% 

Skirving and Dan 2001 retrospective 531 BC relapse at FU NR 10.7y 31.90% 98% 

to be continued 
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conclusion 

Author Year Study design N Technique Outcome Instrument 
FU 

(mean) 
Results 

Immediate 

relief 

Omeis 2008 retrospective 29 BC relapse at FU NR 49m 54.50% 83.00% 

Park 2008 retrospective 50 BC relapse at FU NR 42m 70% 92% 

Fraioli 2009 retrospective 158 RF relapse at FU NR 8.8y 7.50% 100% 

Keravel 2009 retrospective 121 BC relapse at FU NR 3.4y 35.50% 87.70% 

Kouzounias 2010 retrospective 66 BC pain relief pain-free 60m 36% (20m) 85% 

Huang 2010 retrospective 30 RF pain relief NRS, QoL, meds 3y 73.30% 86.70% 

Son 2011 retrospective 38 RF time to relapse BNI 38.2m 26.1m 100% 

Baabor 2011 retrospective 206 BC relapse at FU NR 3y 15% 93% 

Chen 2011 retrospective 130 BC recurrence at FU NR 8.9y 37.70% 93.80% 

Trojnik 2012 retrospective 33 BC time to relapse NR 74m 2-74m (15m) 93% 

Abdennebi 2014 retrospective 901 BC relapse at FU qualitative 16.5y 38% 92.70% 

Tang 2015 retrospective 1137 RF pain relief NR 46m 54-91% 98% 

Kosugi 2015 retrospective 148 RF time to relapse NR 8y 9-36m 86.6-100% 

Asplund 2016 retrospective 82 BC pain-free time NR NR 20m 85% 

Yadav 2016 retrospective 400 BC pain relief NR 4y NR 88.25% 

Ying 2017 retrospective 138 BC relapse at FU BNI 5y 27.10% 98.60% 

Zheng 2019 retrospective 1481 RF time to relapse BNI 12y 136m NR 

Li 2019 retrospective 1624 RF pain relief > 12m BNI 12m 78.10% NR 

Jain 2019 
retrospective 

comparative 
20 BC x RF pain relief NRS 24m no diference 100% 

Table depicting published data regarding outcomes measured in TN patients receiving percutaneous treatment.  

N, sample size; FU, follow-up; NR, not-reported; RF, radiofrequency thermocoagulation; BC, balloon compression; d, days; m, months; y, years; QoL, 

quality of life; NRS, numeric ranking scale; BNI, Barrow Neurological Institute scale for TN. 
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Appendix B - McGill Pain Questionnaire Short-Form 
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Appendix D - Neuropathic Pain Symptom Inventory 
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