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RESUMO

Sterman Neto H. Avaliacdo comparativa dos efeitos da termocoagulacdo por
radiofrequéncia e neurotomia percutanea com baldo no controle da dor a longo
prazo em pacientes com neuralgia trigeminal idiopatica [tese]. Sdo Paulo: Faculdade
de Medicina, Universidade de S&o Paulo; 2022.

Introducdo: a neuralgia trigeminal, a despeito de reconhecida ha séculos, continua sendo a
sindrome dolorosa neuropética facial mais fascinante e desafiadora no que se refere ao seu
tratamento. Apesar de sua primeira descricdo formal ter ocorrido no século 18, os
tratamentos mais eficazes surgiram somente ap6s meados do século 20. Contudo, hd uma
escassez de dados em estudos comparativos com alto nivel de evidéncia entre os métodos.
Dessa forma, o presente estudo comparou a eficacia dos procedimentos percutaneos mais
frequentemente utilizados no controle algico dos pacientes com neuralgia trigeminal.
Métodos: trata-se de um ensaio clinico prospectivo aleatorizado, duplamente encoberto,
que incluiu 33 pacientes com diagnéstico de neuralgia trigeminal, em dois grupos: BC
(neurotomia por baldo) e RF (termocoagulacdo por radiofrequéncia). Os pacientes foram
avaliados em seis momentos distintos: antes do procedimento (VO0), sete (V1), 30 (V2), 60
(V3), 90 (V4) e 180 (V5) dias ap6s. Foram utilizadas escalas para avaliacao de dor (BPI,
NPSI, DN4, SF-MPQ), quantidade de medicacao utilizada (MQS), qualidade de vida
(WHOQoL - BREV) e fungbes psicolégicas e humor (PCS e HADS). Dados
sociodemograficos foram analisados entre os grupos. Foi utilizado, como desfecho
primario, o terceiro item do BPI (escala numérica de dor nas Ultimas 24 horas). Apds
randomizacdo, os pacientes foram submetidos ao procedimento sorteado. O desfecho
primario foi analisado utilizando modelo de regressdo linear. Teste t de Student foi usado
para variaveis de distribuicdo normal e o teste de Mann-Whitney e qui-quadrado para
variaveis de distribuicdo ndo-normal. Fora realizada andlise interina pré-planejada com
pelo menos metade dos pacientes planejados. Resultados: para a analise interina, dados de
33 pacientes estavam disponiveis. A idade média foi de 62,18 + 9,4 anos. O objetivo
primario ndo apresentou diferenca estatisticamente significativa entre os grupos ao final do
estudo. A taxa de complicacdo foi semelhante. A influéncia da dor nas atividades de vida
diarias, as dimensdes da dor, sintomas de dor neuropatica, humor, quantidade de
medicacdo em uso e qualidade de vida, avaliados com questionarios especificos, também
nao apresentaram diferenca 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 a intervencdo, a despeito de ndo ter crises de dor (4,55+0,78, 5+0; p = 0,015).
A presenca do componente de dor continua foi semelhante nos grupos. O estudo foi
interrompido por insignificancia clinica. Concluséo: os dois métodos possuem capacidade
de controle de dor semelhante. Registro do ensaio no ClinicalTrials.gov — NCT02427074.

Descritores: Neuralgia do trigémeo; Rizotomia; Denervacdo; Procedimentos
neurocirdrgicos; Ensaio clinico; Ablacdo percutanea 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]. Sdo Paulo: “Faculdade de
Medicina, Universidade de Séo 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.
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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.

Chart1- 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
Tic doulourex TN1 TN . y
. Classic TN (Classical and very pe can
Atyplcal TN TN2 IdlopathIC) present:
trigeminal
neuropathic pain Secondary TN | _ pyrely paroxysmal
) trigeminal ) ) _
P symptomatic TN trigeminal P
postherpetic TN neuropathy

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.
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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 11" 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 Ap-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 17" century, has been reported (van Kleef et al., 2009).

In the early and mid-20" 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 AB-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 18" 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 19" 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 Hartel (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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Superior
orbital
fissure

Foramen ovale

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 20™
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.
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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 Taarnhgj, 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
(Taarnhgj, 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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411 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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Enrollment

Assessd for eligibility (n= 87)

Excluded (n =54)
- Declined to participate (n = 9)
- Spontaneous remission (n = 8)
- Failed to fully understand study protocol (n = 22)
- Failed to attend first visit (n = 15)

Randomiz

ed(n =33)

A

Allocation

Group BC: balloon compression (n = 18)
- Received allocation intervention (n = 18)

4

A 4

Group RF: radiofrequency (n = 15)
- Received allocation intervention (n = 15)

3m follow-up

Lost to follow-up (n = 0)

Y

A 4

Lost to follow-up (n = 0)

6m follow-up

Fail to attend last appointment (n = 4)

Y

A

Fail to attend last appointment (n = 1)

Analysis

Analyzed (n=18)

A 4

Analyzed (n=15)

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

isti _Group 1 (BC) Group 2 (RF)
Characteristics Total (33) —=roup1(BC) Group2 (RF

() (n=15) P
) 6218+94  65+042  58.8+847
Age (in years) (40-78) (45-78) (40-71) 0.058
Sox Male  8(2429%)  5(167%)  5(383%) e
Female  25(75.8%)  15(83.3%) 10 (66.7%) O
White  26(78.8%) 14 (77.8%) 12 (80%)
Skin colour Brown  6(182%)  4(222%)  2(133%) 0.458
Black 1 (3%) 0 1(6.7%)
Maried 17 (515%)  9(50%) 8 (53.3%)
Divorced  6(182%)  3(167%) 3 (20%)
Marital status Widow  6(182%)  4(222%)  2(133%) 0.772
Single  3(9.1%)  2(111%)  1(6.7%)
Stable union 1 (3%) 0 1 (6.7%)
o Second 14 (42.4%)  7(389%) 7 (46.7%)
Trigeminal Division Third  19(57.6%)  11(61.1%) 8 (53.3%) ©6°3
. R 21(63.6%) 14 (77.8%) 7 (46.7%)
LEEEY L 12 (36.4%)  4(222%)  8(533%) °004

Other previous non-trigeminal
pain syndrome

The values are presented as mean + SD (range).
BC: balloon compression; RF: radiofrequency. R: right; L: left. Significance set at p < 0.05.

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

4.2 Location and Recruitment

This study was conducted at the pain center outpatient clinic of Hospital das
Clinicas, University of Sdo 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

Location
Screening and recruitment Outpatient pain clinic
Pre- and post-operative evaluations Neurophysiology and Pain Center

Procedure Surgical center of Instituto de Psiquiatria




METHODS - 28

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.

180days

90days

60days

30days

7days
| |

BASELINE INTERVENTION

| " -
| | |
1 V2

SF-MPQ SF-MPQ SF-MPQ

Main outcome:
Worst pain in the last
24h

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 (1V) 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 O catheter was placed. They were



METHODS - 35

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 (Hartel, 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).

Ipsilateral
pupil

| -~
Er..
-

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 lopamiron®
(125R, Schering, S&o 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

SF-MPQ
Domain

Group 1 (BC)

n=18

Group 2 (RF)
n=15

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) 433+0.9(2-5) 0.381
Evaluative (0-2) 2x0(2) 2x0(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'?3_%%?“ 68(1650?)?9 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+45(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) 0% 218)1 257 4597
MQS
+ +
Soor Yons Geios 022
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) 428 +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) 28+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) 49’2(%_25)9"16 51'0(7133)2'89 0.857

to be continued



RESULTS - 45

conclusion
Group 1 (BC) Group 2 (RF)
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'(‘?1962;’)'53 26('162%'356')29 0.536
PCS

Score (0-52) 35'?;5%'13 32'?17 4Jj'511§'35 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 Ill; 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 (C195% 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
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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
Worst pain in the last 24 hours above 58 1.12 (0.51, 2.49) 1 [Referent] 0.78
b)
Worst pain in the last 24 hours above 2°  1.07 (0.48, 2.39) 1 [Referent] 0.86
Worst pain in the last 24 hours above 3°  1.06 (0.48, 2.33) 1 [Referent] 0.88
Worst pain in the last 24 hours above 7°  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)
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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 vlll, 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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b)

Regarding the primary objective, radiofrequency was not superior to
balloon compression in controlling trigeminal pain in six months from
surgery.

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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Year

Study design

N

Technique

Outcome

Instrument

Attachment A - Published data with outcomes in TN patients treated with percutaneous methods

Immediate

Nanjappa
de Siqueira

Campos and Linhares

Singh
Zakrzewska

Burchiel

Nugent

Latchaw
Spincemaille
Mittal

Meglio

Meglio

Broggi

Lichtor and Mullan
Choudhury
Sanders

Taha and Tew
Oturai

Correa

Yoon

Kanpolat
Skirving and Dan

2013
2006
2011
2014

1999

1981
1982
1983
1985
1986
1989
1989
1990
1990
1991
1992
1996
1996
1998
1999
2001
2001

descriptive
prospective
prospective

prospective

prospective
longitudinal

retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective

15
105
39
18

48

92
800
96
53
280
33
74
1000
100
40
240
500
185
187
81
1600
531

RF
BC
BC
RF

RF

RF
RF
RF
RF
RF
RF
BC
RF
BC
RF
RF
RF
RF
BC
RF
RF
BC

efficiency
relapse at FU
relapse at FU

pain relief

time to relapse

relapse at FU
NR
pain relief
success rate
success rate

time to relapse
time to relapse

relapse at FU
relapse at FU
relapse at FU
relapse at FU
relapse at FU
relapse at FU
relapse at FU
relapse at FU
relapse at FU
relapse at FU

NR
Questionnaire
NRS, QoL
NR

MPQ, HAD

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

Pain recurrence

NR
NR
NR
NR
NR

12m 100%
210d 16.20%
50m 20%
18m 33%
30m 40m
5y 65%
4.7y NR
5y 52%
2y 96%
3.8y 94%
2y 18.5m
2y 6.5m
9.3y 18%
5y 20%
2y 15%
50m 8.30%
9y 20%
8y 49%
3y 8%
8.5y 74%
68m 42.30%
10.7y 31.90%

relief

80%

99%
93.50%
77.80%

NR

NR
NR
NR
85%
NR
81.80%
93.20%
95%
97%
NR
NR
98%
83%
100%
87%
97.60%
98%

to be continued
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Study design

N

Technique

Outcome

Instrument

FU

(mean)

Results

conclusion

Immediate
relief

Author
Omeis 2008
Park 2008
Fraioli 2009
Keravel 2009
Kouzounias 2010
Huang 2010
Son 2011
Baabor 2011
Chen 2011
Trojnik 2012
Abdennebi 2014
Tang 2015
Kosugi 2015
Asplund 2016
Yadav 2016
Ying 2017
Zheng 2019
Li 2019
Jain 2019

retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective
retrospective

retrospective

retrospective
comparative

29
50
158
121
66
30
38
206
130
33
901
1137
148
82
400
138
1481
1624

20

BC
BC
RF
BC
BC
RF
RF
BC
BC
BC
BC
RF
RF
BC
BC
BC
RF
RF

BC x RF

relapse at FU
relapse at FU
relapse at FU
relapse at FU
pain relief
pain relief
time to relapse
relapse at FU
recurrence at FU
time to relapse
relapse at FU
pain relief
time to relapse
pain-free time
pain relief
relapse at FU
time to relapse
pain relief > 12m

pain relief

NR
NR
NR
NR
pain-free
NRS, QoL, meds
BNI
NR
NR
NR
qualitative
NR
NR
NR
NR
BNI
BNI
BNI

NRS

49m
42m
8.8y
3.4y
60m

3y

38.2m

3y
8.9y
74m

16.5y

46m
8y
NR
4y
sy
12y

12m

24m

54.50%
70%
7.50%
35.50%
36% (20m)
73.30%
26.1m
15%
37.70%

2-74m (15m)

38%
54-91%
9-36m
20m
NR
27.10%
136m
78.10%

no diference

83.00%
92%
100%
87.70%
85%
86.70%
100%
93%
93.80%
93%
92.70%
98%
86.6-100%
85%
88.25%
98.60%
NR
NR

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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Attachment B - ClinicalTrials.gov receipt

ClinicalTrials.gov PRS

Contact ClinicalTrials gov PRS
Protocol Registration and Results System

Org: USaoPaule |User:| HSNeto  Logout
Home > Record Summary, > Release C

Release Confirmation
“Home Record Summary Receipt (PDF) Preview

ClinicalTrials.gov ID: NCT02427074
Unique Protocol ID: 1180/09
Brief Title: Comparison Between Radiofrequency and Balloon Compression in the Treatment of Idiopathic Trigeminal Neuralgia
Overall Status: Terminated
Primary Completion Date: March 31, 2019 [Actual]
Verification Date: February 2020

The record has been Released to Clinical Trials.gov PRS for review.

Protocol registration Records are made available to the public through the ClinicalTrials.gov web site within 2 to 5 days of release, following
system validation and PRS Review. Records that contain Results may take up to 30 days, if the study appears to be an applicable clinical trial under
42 CFR Part 11 or an NIH-funded study. Other types of study records with results will take longer for review.
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Attachment C - Main project approval letter
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Attachment D - Additional groups inclusion approval letter

L Hospital das Clinicas da FMUSP
" Comissao de Efica para Analise de Projelos de Pesgquisa
- CAPPasq

W Prohscola: 11800

Thvie: FLIUGO COMPARATIVO ETRE RADKSEREG [ (Cia PLLSATIL E MEUROITOWALL PERCUTARES CCIM
BALAD DO GAMGLID DE GASSER MO TRATAMEHTC DA MEURALCA IDHPATICA DO TRIGEMED
Pequisons Besporndeel Prol O, fsonos! jocotnen Teisssa /D, Eich Tolamon| Fono#t
Feaguisodcs Exéc ubsimle: Hugo Stermman Hefa

Dwpariomesda; HEUSCLCGIA

& Coordenoor g Comislio de oo pom Andiee 8 Propsdin e Peraiesa - TaPPmng oo
D vk CbMaca B0 HOBDROH Dt ClinicTe cio Focuisoe B W i o0 U eniocks o 50 Pouio, AFROYOU
TOUACH CIENCEA ad-refesendurms armi 28043012 aofH Oooomenin] L] sl msn oo o0

Dot derbada de 15008 b

. w00 D 08 e pang: “Toedo compoiolivo snike rodiohieged HCH BOECRNEL REAIDISTIS RITCUASNED T0M
boigs rodisheguimcn puisiil @ DGEERs aneddics do gingllo de Gonm no holosenls de Asunalgo
LETU IO R Do T

- Horen asisntodor: De. Donkel Clarmsd . g il

- lcndo de dob giuied 0 © oG o

- Batieagdh b Pl ot el Jd ML

Rgwa Temo de Corssatimenio L o B e bk,
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Attachment E - Subproject analysis approval letter

re Hospital das Clinicas da FMUSP
kb Comissao de Etica para Analise de Projetos de Pesquisa CAPPesq

Diretoria Clinica

Comisséio de Ei Andlise de Proietos de P isa - CAPP
PARECER

PROTOCOLO DE PESQUISA N°: 1180/09 Data da sessdo: 21/02/2018

TITULO DA PESQUISA: Estudo comparativo entre radiofreqiéncia tradicional,
neurotomia percut@nea com baldo, radiofreqUéncia pulsati e bloqueio
anestésico do ganglio de Gasser no tratamento da neuralgia idiopdtica do

frigémeo em pacientes virgens de tfratamento cirdrgico
PESQUISADOR(A) RESPONSAVEL: Manoel Jacobsen Teixeira

DEPARTAMENTO: NEUROLOGIA
CONSIDERACOES DO RELATOR:

Conforme solicitado no parecer anterior, os pesquisadores enviaram os subprojetos
para avaliagdo. De fato, ndo houve alteragdo no risco, pois serdo aplicados
questiondrios aos participantes da pesquisa para avaliacdo do controle da dor (um
brago do projeto inicial) e sensibilidade especial e geral da face (outro braco do
projeto inicial). Em principio, nGo fere a étfica. Entretanto, seria adequado que a
infroducdo dos projetos fosse direcionada para o objetivo de cada um, posto que os
dois projetos somente diferem no titulo e objetivos primdrios, além de uma referéncia
que foi acrescentada no segundo brago. O restante, inclusive os—métodos, é
idéntico. Provavelmente os questiondrios contenham informacdes que permitam as
duas andlises, mas a infrodugdo deveria ser direcionada para o objetivo primdrio, o

que recomendaria corrigir.

[ CONCLUSAO: Aprovado com recomendacdo |

ENVIAR A CONEP: SIM () ) NAO (x)
INFORME A AREA TEMATICA:
Prof.mf
Coordenador

Comissdo de Etica para Andlise de
Projetos de Pesquisa - CAPPesq

Rua Dr. Ovidio Pires de Campos, 225 - Prédio da Administraco - 5° andar - CEP 05403-010 - S&o Paulo - SP.
Fone: 55 11 2661-7585 - e-mail: cappesg.adm@hc.fm.usp.br
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Attachment F - Consent term

HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA UNIVERSIDADE
DE SAO PAULO-HCFMUSP

TEREMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

DADOS DE IDENTIFICACAC DO SUJEITO DA PESQUISA OU RESPON SAVEL LEGAL

DOCUMENTO DE IDEMTIDADE Mt e BEXO . MO F O
DATA NASCIMENTO: . .

MATUREZA [grau de paremtesca, futor, curadar 21C.) e

DOCUMENTD DE IDENTIDADE & SERT: MO F O

DATA MASCIMENTO:
ERDEREGD: o m s s DU s IPTIDN
CEP: e TELEFIDMES DIDIDY [ et o s s e s s e st en s s s

DADOS SOBRE A PEEQUISA

1. TITULD DO PROTOCOLO DE PESCUISA: ESTUDD COMEARATIVO ENTRE RADIOFREQUENCIA
TRADICIONAL, NEUROTOMIA PERCUTANEA COM BALAOQ READIOFREQUENCIA PULSATIL E BLOQUEID
ANESTESICO DO GANGLID DE GASSER N0 TRATAMENTO DA NEURALGLA IDIOFATICA DO TRIGEMED

PESOUISADOR RESPOMSAVEL: Daniel Ciampi de Andrade

CARGOFUMGAD: Cosrdenadar do Grups de Dor da Meurologia

IMNSCRICAD CONSELHO REGIONAL M* 108212

PEZOUISADOR EXECUTAMNTE: Hugo Sterman MNeto/Cristiane Yoko Fukuda

IMSCRICAD CONSELHO REGIONAL M 129 7440108230

CARGOIFUMGAD: Médica Residenteidssistents da Meurocirurgia Funcianal

UMIDADE DO HCFMUEP: Divisdo de Clinica Mauralégica
2. AVALIAGARD DO RISCO DA PESOUISA

RIZCO MiNMo O RISCO MEDIO

RISCO BALKD X RISCO MAIOR

FOURACAD DA PESOUISA @ 36 (frinta) meseas
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1 — Desenho do estudo & objetivo(s)

Es=zas informagdes estdo sendo fornecidas para sua participacdo voluntaria neste estudo, que
wisa comparar o uso de guatro métodos (radicfreqiéneia tradicional & pulsatil, compressdo por balfo &
blogueio anestésico) para fratar a dor causada pela neuralgia do trigémeo. A comparacdo sera feita em
relagdo a efeito no alivio da dor {utilizando guestiondrics & testes de sensibilidade na face). alteracdes
na mastigagdo (questionarios especificos) & na funcéo de formacdo de saliva e sensibilidade ao cheiro &
gosto (testes espacificos)

2 — Descrigdo dos procedimentos gue serdo reslizados, com seus propositos e identificagso dos

que forem experimentais e ndo rotingiros;
O senhor{a) sera submetido(a) & sadagdo ou anestesia local com ou sem blogusio do ganglic, seguida
de anestesia da pele no local da pungdo da face. Sera colocads uma agulha gue chegars até o nervo
trigémic do lado da dor na face. Serd realizado, mediants sorteio, um dos seguintes tratamentos:
radiofrequéncia fradicional. radiofreqliéncia pulsatil, compressao do nervo com a insuflagéo do baldo ou
blogueio anestésico. & aplicacéo da radicfrequencia & um metodo onde o objetivo @ causar alivio da der,
sem causar lesdo extensa do nervo.

ZSerdo feitas § (seis) avaliagies no total: ume antes da cirurgia e cinco apds a cirurgia a fim de avaliar
=& ha melhora da dor e se ha complicacdo do procedimento [diminuigdo da sensibilidade e alteragdo da
mastigacio).

3 — Relagdo dos procedimentos rotineiros & comeo sdo realizados — coleta de sangue por puncao
periférica da veia do antebraco; exames radiologicos;

Sera realizada coleta de sangue para avaliagdo (hemograma completo, plaquetas, coagulograma
& para pesguisa) e também durante procediments serd feifa radioscopia para localizar baldo/eletrddio.
4 — Descriggo dos desconfortos e riscos esperados nos procedimentos dos itens 2 e 3;

Apesar de ser um procedimento rapido algumas complicacdes podem ocorrer: sangramento no
local & dentro do crénio, dor ne local da puncdo, anestesia de pare da face. diminuicSo da forca da
mastigacdo e insucesso do procadimento {persisténcia da dor). Mo caso do bloqueic anestésico do
ganglio exclusive, se houver retorno da dor, o senhor(a) serd recolocado em oufro grupo, no caso de
radiofragliéncia pulsatil.
§ — Beneficios para o participants

Melhora da dor;

Comparar dois métodos consagrados no que tange o alivio da dor e alteractes de sensibilidade e

mastigatio apds
& — Relagdo de procedimentos altemativos gue possam ser vantajosos, pelos quais o paciente pode
optar;

Cutro trataments cirdrgico consiste da abertura do erinio e do isolamento do nervo dos vasos que o
COMprimen.

T — Garantia de acesso: em qualquer etapa do estudo, vocé terd acesso aos profissionais responsdveis
pela pesquisa pars esclareciments de eventuais ddvidas. Os principais investigadores s8o os Dr. Daniel
Ciampi & o pesquisador executante Dr. Hugo Sterman Meto e Dra. Cristiane Yoko Fukuda. que podem
zer enconirado mo enderego av. Dr. Engas de Carvalho Aguiar, 255 Telefoneis) 3088-9320/8275. Se
vocé tiver alguma consideragio ou dlvida sobre a ética da pesquisa, entre em contato com o Comité de
Efica em Pesquisa ({CEF) — Rua Ovidio Fires de Campos. 225 — 59 andar — tel: 3068-6442 ramais 16, 17.
18 ou 20, FAX: 3059-5442 ramal 26 - E-rmail: cappesqi@hcnet.usp.br
& — E garantida a liberdade da retirada de consentimento a qualguer moments e deiar de participar do
estudo., sem qualguer prejuizo 4 continuidade de seu  irafamento na  Instituigdo:
02 — Direito de confidencialidade — As informacies obfidas serfo analisadas em conjunto com outros

pacientes, nao sendo divulgado 8 identificacao de nenhum pacients;
10 — Direito de ser mantido atuslizado sobre os resultados parcisis das pesquisas, quando em estudos
sbertos, ou de resultados que s2jam do conhecimento das pesguisadores;

11 — Despesas e compensacies: ndo ha despesas pessoais pars o participante em gualquer fase do
estudo, incluindo exames & consultas. Também ndc hé compensacdo financeira relacionada & sua
participacdo.
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12 - Compromisso do pesquisador de ufilizar os dados & o materisl coletado somente para ests
pesguisa.
Acredito ter sido suficientemente informado a respeito das informagdes que i ou que foram lidas para

mim, descrevendo o estudo " ESTUDD COMPARATIVO ENTEE RADIOFREQUENCIA TRADICIONAL,
NEUROTOMIA FERCUTANEA COM EALAD, EADIOFREEQUENCIA FULSATIL E ELOQUEIQ ANESTESICO

DO GANGLIO DE GASSER NO TRATAMENTO DA NEURALGIA IDIOPATICA DO TRIGEMEQ"

Eu discuti com o Dr. Hugo Sterman Meto sobre a minha decisdo em participar nesse estudo. Ficaram
clarcs para mim quais s3c os propositos do estudo. os procedimentos a serem realizados, seus
desconfortos & riscos, as garantias de confidencialidade & de esclarecimentos permanantes. Ficou claro
também gue minha paricipacdo & isenta de despesas e que fenho garantis do acesso a tratamento
hospitalar quando necessdrio. Concordo voluntariamente em paricipar deste estudo e podersi retirar o
meu consentimento a gualguer momeanto, antes ou durante o mesmo, sem penzalidades ou prejuizo ou
perda de qualguer benaficio gue eu possa ter adquirido, ou no mew atendimento neste Servico.

Eﬂsainalum do paciente/represantante legal EData ! |

Eﬁ.sainalura da testemunha EDat& ! |
para casos de pacientes menores de 18 anos, ansfabetos, semi-analfabstos ow portadores de
deficiéncia auditiva ou visual.

(Eomenfe para o responzavel do projeto
Declaro que obfive de forma apropriada e voluntaria ¢ Consantimento Livre & Esclarecido deste paciente
ou representantes legal para a participagdo neste estude.

Eﬁ.sainalura do responsavel pelo estudo EDat& ! ;
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Attachment G - Publication 1

Balloon compression vs radiofrequency for primary
trigeminal neuralgia: a randomized, controlled trial

Hugo Sterman Neroa'b, Cristiane Yoko Fukuda®, Kleber Paiva Duarte®, Valquiria Aparecida da Silva®,
Antonia Lilian de Lima Rodrigues?, Ricardo Galhardoni Geron’(fjg, Silvia R.D.T. de Siqueirah,
José Tadeu Tesseroli de Siqueira". Manoel Jacobsen Teixeira", Daniel Ciampi de Andrade®*

Abstract \
Surgical procedures are necessary in up to 50% of trigeminal neuralgia patients. Although radiofrequency (RF) is more widely used, it

is associated with high intraprocedural costs and long technical learning time. Other simpler procedures such as balloon
compression (BC) require a lower training period and have significant lower costs. We evaluated the effects of BC and RF in pain
control in primary trigeminal neuralgia in a randomized, double-blinded, head-to-head trial. Individuals were randomly allocated in 1
of 2 groups: BC and RF. Throughout pain, psychological and quality of life measurements were performed at baseline and after
surgery. The main outcome was the worst pain in the last 24 hours (0-10) at 6 months postoperatively. After the inclusion of half of the
estimated sample, a preplanned interim analysis was performed when 33 patients (62.1 = 9.4 y.) completed the study. Pain intensity
(confidence interval [Cl] 95% 0.6 to 3.8, and —0.6 to 2.2, for BC and RF) did not significantly differ. Complications, interference of
painin daily life {(C1 95% —0.1 to 2.3 and —0.4 10 2.3, for BC and RF), neuropathic pain symptoms (Cl 95% 1.7 to 3.6 and 3.0t0 5.7,
for BC and RF), mood (Cl195% 4.8to 11.5 and 5.5t0 15.1, BC and RF, respectively), medication use, and quality of life (Cl 95% 80.4
t0 93.1 and 83.9 to 94.2, for BC and RF) were also not different. Radiofrequency presented more paresthetic symptoms than BC at

AQ:

-

AQ:2

Copyright © 2020 by the Intemational Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

30 days after intervention. Based on these results, the study was halted due to futility because BC was not superior to RF.

1. Introduction

Trigeminal neuralgia (TN} is characterized by shock-like parox-
ysmal attacks distributed in one or more trigeminal branches; it
may occur spontaneously, or may be evoked by mechanical
triggers.' Trigeminal neuralgia classification is based on the
presence (secondary TN) or absence (primary TN) of a disease
such as multiple sclerosis or a space occupying lesion affecting

Sponsorships or competing interests that may be relevant to content are disclosed
at the end of this article.

# Instituto do Cancer do Estado de Sdo Paulo Pain Center, School of Medicine,
University of Sdo Paulo, Sdo Paulo, SP, Brazil, ® Instituto de Ensino e Pesquisa da
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the trigeminal sensory system. Primary TN is further divided into
classic (presence of neurovascular compression [NVC] with
morphological changes of trigeminal nerve) or idiopathic TN
(inexistence NVC exists). Classic and idiopathic TN can further
be divided into purely paroxysmal or associated with concom-
ftant nonparoxysmal pain.®® Primary TN is initially managed with
medication®”® because the majority of individuals wil initially
achieve pain control through pharmacological treatment.
However, approximately half of TN patients will eventually need
intervention in 10 years.*'*2® Surgical procedures offered to
these patients include: microvascular decompression (MVD)*”
for individuals with classic TN or gamma-knife surgery (GKS)*®
as an alterative for those who cannot tolerate open cranial
surgery. Radiofrequency thermocoagulation (RF),*® balloon
compression (BC),®' and glycerol rhizolysis®* are ablative
procedures that may be repeated over time and are reserved
for aged patients or for those who cannot tolerate or do not
desire MVD/GKS.5" Microvascular decompression has the
highest risk of major postoperative complications (stroke,
meningitis, cerebral spinal fluid leak, hemorrhage in 2%, and
death in 0.4%),%° despite providing long-term pain relief in up to
70% of patients and causing no major sensory deficits
postoperatively.®®”” Gamma-knife surgery has been offered
as an alternative with fair results compared to MVD in low-quality
studies: GKS may take up to 30 days to be effective,® it
provides 75% pain relief after 3 months and then 50% in 3
years.*®5%77 Importantly, the long-term pain beneficial effects
of MVD have only been determined recently,>*?® and GKS is
stil not widely available worldwide. For these reasons,
percutaneous procedures (RF and BC) are still more commonly
used worldwide,*>%%7% due to their fair rates of good results,
low cost, outpatient management, and low morbidity.*>717%
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Since its development, RF has been widely used because of its
high selectivity and capacity in controlling pain.**%® However, it
demands the use of expensive material,®® highly trained
anesthesiologist,® and experienced surgical team,*® and carries
elevated risks of sensorial disturbance, which may lead to painful
anesthesia.!"#57° However, BC cheaper,'®*® demands simple
general anesthesia,®® and is technically simpler,>® providing
lower rates of significant sensorial disturbances.'#! 74

Despite the fact that pain control may be achieved in up to 80%
of the subjects treated with BC and RF, outcome measurements
were heterogeneous and not well defined in the literature, and
current data are mainly derived from results from large patient
series.* ¥ 7% No formal clinical trials directly comparing BC to RF
have been conducted to date, and recent guidelines have
acknowledged the lack of data allowing to recommend one
technique over the other.” It still remains unknown whether BC
can achieve good pain relief, if it can control nonparoxysmal
continuous pain, and which is its side-effect profie in TN
compared to more traditional RF.*

In this study, we conducted an original head-to-head
randomized trial to assess the superiority and long-term effects
of BC over RF on the different pain types of primary TN and their
respective profiles of side effects.

2. Methods

This study was conducted at the pain center outpatient clinic of
Hospital das Clinicas, University of Sdo Paulo, Brazil. Patients
with the diagnosis of primary TN were referred from regional
neurology and pain clinics in the State of Sao Paulo. Written
consent was obtained from all participants. The study was
approved by our intemal review board (CAPPesq 1180/09) and
was registered in ClinicalTrials.gov (NCT 02427074). Enroliment
occurred between May 2015 and December 2018.

2.1. Patients

Participants in the study had the following characteristics: aged
18 years or older; primary TN (according to the current criteria)®®;
no major signs of trigeminal neuropathy on examination; being
refractory to medical treatment (no pain control or uncontrolled
side effects with the maximum tolerated dosage of conventional
medication—carbamazepine, phenytoin, oxcarbazepine, or
baclofen—during the preceding year)’®; involvement of the
second or third trigeminal division; and no history of previous
surgical procedure for TN. Subjects with involvement of the first
trigeminal division or trigeminal neuropathy, or who refused to
participate, or had difficulty in understanding the study were
excluded. Brain imaging was performed on all patients to rule out
secondary causes of neuralgia and make differential diagnoses.
All subjects underwent a computed tomography scan of the head
to rule out structural {or secondary) causes of TN. Magnetic
resonance imaging (MRI) was performed in patients with
suspected demyelinating diseases.

2.2. Study design

This was a prospective double-blind (subjects and raters)
head-to-head randomized (superiority), clinical trial comparing
the analgesic effects of BC over RF on the trigeminal ganglion
for treating primary TN. The CONSORT {(Consolidated Stan-
dards of Reporting Trials) recommendations were followed.?®
The patients were randomly allocated to either BC or RFin 1:1
ratio. Electronic software program (available at www.

PAIN®

randomizer.org) was used to perform the randomization
{blocks of 4). Allocation concealment was ensured by having
the neurosurgeon responsible for the procedure informed of
the randomization through sealed envelopes, which were
handed over by a second investigator and opened as the
patient entered the operating room. The surgeon responsible
for all the procedures had no other role in the study.
Evaluations were performed at the baseline (VO) and at 5
different postsurgical visits: 7 days, 30 days, 60 days, 90 days,
and 180 days {(referred to as V1, V2, V3, V4, and V5,
respectively). The primary outcome of the study was the
subjects’ assessment of their worst pain level over the last 24
hours, at the 180-day evaluation, measured on an 11-point
numerical rating scale anchored at 0 (ho pain) and 10
{maximum pain imaginable) (Fig. 1). All the data were collected
using dedicated Microsoft Excel files, stored in a cloud service,
password-protected, accessible only for one investigator who
was not involved in accessing or treating patients.

2.2.1. Blinding

To ensure the blinding of the subjects, patients were informed
that they would undergo 1 of 2 traditional percutaneous
techniques for treating the symptoms of TN. The investigator
responsible for the randomization and data collection never
participated in the surgical procedure or in the postoperative
appointments. Also, this researcher 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 4 questions: (1) How much pain have you
experienced 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 in
the future (yes/no)?.%°

2.3. Procedures

All the patients fasted for 6 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 (50-150 p.g), 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 to 1.2 MAC until the end of the
procedure. For RF thermocoagulation, the patients received mild
sedation with propofol and fentanyl, and an 02 catheter was
placed. They were then awakened for skin sensory evaluation.
Under complete aseptic conditions, the skin over the needie
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 setas 2.5to 3cm laterally to
the labial commissure, depending on whether the target was the
third {(V3) or second (V2) trigeminal division, respectively. The
planes used to access the foramen ovale had previously been
described®*®"72; one that passes through the ipsilateral pupil
and another one 3 cm anteriorly to the tragus, also ipsilaterally.
Using radioscopic imaging (Siemens, Siremobile, Erangen,
Germany), the puncturing of the foramen ovale was confirmed
{using the clival line as the reference for V2; and 5 mm anteriorly to
the clival line for V3).
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AQ:6 Figure 1. Scheme depicting the follow-up and scheduled evaluations. Description: BPI, Brief Pain Inventory; DN4, Douleur Neuropathique 4; GIC, Global
Impression of Change; HADS, Hospital Anxiety and Depression scale; MQS, Medication Quantification Scale; NPSI, Neuropathic Pain Symptom Inventory; PCS,
Pain Catastrophizing Scale; SF-MPQ, Short-Form McGill Pain Questionnaire; WHOQoL, World Health Organization quality-of-life questionnaire.
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For the BC technique, after puncturing the foramen ovale with
a 14 G needle (BR R Becton Dickinson, Juiz de Fora, MG, Brazil),
1% lidocaine was administered to the trigeminal ganglion until
facial anesthesia was attained. Then, a 4F Fogarty catheter
(American Edwards Laboratory) was placed in the trigeminal
cisten and insufflated with 0.7 mL of the contrast agent
lopamiron (125R, Schering, Sao Paulo, Brazil) until the balloon
assumed a “pear shape” (Fig. 2) on the C-arm (approximate
plateau pressure 1100 mm Hg = 120 mm Hg).** Compression of
the trigeminal ganglion 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. For the RF technique, after puncturing the foramen ovale
with the needle, an electrode (Radionics, 15 cm, insulated) was
inserted and connected to a Radionics R generator (RFG-3C
Plus). After evaluating the impedance (250-300 (), the trigeminal
division of interest was confirmed through stimulation (sensory
stimulation at 50 Hz and 0.1-0.5 V, with the patient awake to
describe the area of paresthesia, and motor stimulation at a
frequency of 2 Hz and 0.1-0.5 V, with the patient asleep, until
masticatory movements were observed). After confirming which
trigeminal division was to be targeted, we proceeded with making
the lesion. This was done at 70°C lesion for 60 seconds, until
static mechanical analgesia of the skin had been achieved (the
pinprick sensation was tested using a safety pin and the 2 sides
were compared). This process was repeated until skin anesthesia
over the targeted area had been achieved.

2.4. Pain and assessment of related factors

Subjects were evaluated using specific questionnaires, as
recommended by the Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials (MMPACT).2324.76

2.4.1. Brief pain inventory

It is a questionnaire that includes a pain severity index (mean of
questions 3-8, 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 the 7 items, with an intensity numerical rating
scale ranging from O to 10, where zero meant no interference and
10 for maximal interference imaginable).”” In addition, this

questionnaire provided information on pain medications and
dosing. The study's primary outcome was the worst pain level
over the last 24 hours, ranging from 0 to 10 on numerical rating
scale.

2.4.2. McGill pain questionnaire—short form

It has descriptors'® of pain within 3 aspects and qualities
of pain: sensory—discriminative, affective—emotional, and
cognitive-evaluative.?®

2.4.3. Douleur neuropathique 4 questionnaire

This is a 10-item questionnaire used to screen for neuropathic
pain. It is positive when scores 4.9

2.4.4. Neuropathic pain symptom inventory

Itis 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 sponta-
neous 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 total score possible is 100. The temporal aspects of
continuous and paroxysmal pain are assessed in question 4
(duration of spontaneous pain over the last 24 hours) and
question 7 (number of pain attacks over the last 24 hours).
Neuropathic pain symptom inventory was also used here to
evaluate nonparoxysmal 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 represent
continuous pain.

2.4.5. Pain catastrophizing scale

It consists of a 13-item scale, on which each item can be scored
from O to 4 each, thus giving a total score of 0 to 52.%* The higher
the score is, the more elevated the distress is.

2.4.6. Hospital anxiety and depression scale

It is a 14-item questionnaire (7 items for anxiety and 7 for
depression symptoms, with scores ranging from 0 to 3 each) that
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Figure 2. CONSORT flowchart of the study.

[[Anarsed 0= 15 |

aids in screening for mood disorders, with total scores from O to
21 for anxiety and for depression.”® Higher scores suggest
depression/anxiety.

2.4.7. World Health Organization quality-of-life
questionnaire—brief form

This is a short 26-item version of a standardized 100-item
questionnaire that evaluates 4 domains of quality of life: physical,
psychological, social relationships, and environmental relation-
ships.?® The higher the scores are, the better the quality of life is.

2.4.8. Global impression of change

This is ascale used by the patient global impression of change (p-
GIC) and evaluator (c-GIC) to rate the global evolution of their pain
since the first visit."?* In both cases, the GIC included 7 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).

2.4.9. Medication quantification scale version 3

It is for quantifying the medications used by the patient and their
dosages. It provides a weighted final score for the “medication
burden.”®?

2.5. Statistical analysis

The variables were expressed using absolute values and
frequencies (for categorical variables), and mean values and
SDs along with minimum and maximum values for continuous
variables. Data were analyzed as intention to treat. The effect of
the interventions on the main outcome was assessed using a
series of generalized estimation equations (GEE). The measure-
ments at the baseline and at 7, 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. Because the outcome presented nonnormal
distribution, its raw numerical values were recategorized as
indicator variables with cutoff points greater than or equal to 2, 3,
5, or 7 points. These dichotomous values were analyzed through
GEE with binomial distribution. The models evaluated the
association between the outcome and the 2 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.®® The Kolmogorov-Smirnov test was used to test the
normal distribution of variables. For nonnormally distributed
variables, comparisons between groups were made using the
Mann-Whitney test and Pearson chi-square test. The Student t
test was used for normally distributed variables. For patients to be
included in the analyses, they needed to have attended at least
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80% of the visits and to have provided at least 80% of the
information at each clinical visit. Data imputation was done by
using the last-observation-carried-forward methodology. Be-
cause there was a paucity of formal clinical trials on ablative
surgery for NT,” no formal sample size calculation could be
performed beforehand. Therefore, we designed a pragmatic
clinical trial: we used a convenience sample of NT patients based
on the sample size of previous studies (n = 30 per am),>*"® to
assess equivalence between amms. Variables at baseline were
tested for differences because the trial presents a restricted
number of participants. A preplanned interim analysis, approved
by the institutional review board (IRB), was envisaged when half of
the total sample was reached in both groups, 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 extemal research panel and one of the following
decisions would be made: (1) to stop the trial because significant
differences between the amms had already been discemed; (2) to
stop the trial due to futility; or (3) to pursue the trial with a larger
sample size calculated based on the information obtained from
the first part of the study. The statistical analyses were performed
using IBM SPSS (Statistical Package for the Social Sciences)
v17.0 and R-Project.®® The sample size for the difference in
slopes between the BC and the conventional RF groups was
calculated based on previous published data,?®® 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 0.05.7 Individual
patient's data will be available upon request. Reports regarding
statistical analysis and study protocol can be obtained upon
request to the corresponding author.

3. Results
3.1. Descriptive data and baseline assessment

Eighty-seven patients were assessed for eligibility. Thirty-three
(25 females; 62.18 = 9.4 years old) were included (see
CONSORT flow-chart—Fig. 3) for the interim analysis: 57.6%
had the mandibular division affected and 21 had right-sided TN.
Table 1 shows the subjects’ characteristics and demographics,
along with comparisons between the groups. The following
results represent the outcomes from the preplanned interim
analyses. Both 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). Main baseline variables were
similar between groups (Table 2).

3.2. Results regarding pain and related factors
3.2.1. Main outcome

The main outcome of the study was not significantly different
between groups (P = 0.78). Table 3A displays information on the
study's main outcome, analyzed by GEE, which was categorized
as higher or lower than 5. A similar pattem was observed when
recategorizing the worst pain level over the last 24 hours into
higher or lower than 2, 3, or 7, as depicted in Table 3B, although
an expected reduction in pain intensity overtime in each group
could be noted (Fig. 4).

3.2.2. Secondary outcomes

At 180 days after the intervention, the patients in the BC group
reported higher levels of pain (Brief pain inventory—pain intensity
index), compared with those in the RF group, although not
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clinically or statistically significant difference was observed
(confidence interval 95% 0.17 to 2.58 and —0.63 to 1.93, BC
and RF, respectively). The DN4 guestionnaire was positive in
33.3% and 60% of the individuals, respectively, in the BC and RF
groups at 6 months. These proportions were lower than at
baseline (88.9% and 80% for BC and RF, respectively), but no
difference was observed between the groups (P = 0.126). No
significant difference was found on MPQ scores (12.89 = 1.71
and 12.20 £2.51;3.39 £ 4.23and 2.20 = 3.86; for BC and RF at
the baseline and last appointment, respectively; P = 0.292 and P
= 0.94). Conceming the pain phenotype, patients in the RF group
reported more paresthetic symptoms than did those in the BC
group (2.08 = 1.99 vs 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 vs 5.00 = 0.00; P = 0.015) at the first
postoperative assessment (visit 1 at 7 days postoperatively),
assessed by the specific item on number of pain attacks from the
NPSI questionnaire. 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 NPS| total scores (9.61 = 15.2 vs 15.07 = 20.75in the RF
group; P = 0.038), but at the last evaluation, this difference was
no longer present (P = 0.598). Global impression of change,
despite presenting with no difference at the last appointment (P =
1.0), demonstrated elevated proportions of highly satisfied
individuals in both groups (88.9% for BC and 86.7% for RF).

Patients with main paroxysmal pain but presenting concom-
itant continuous pain at baseline comprised 66.7% of the BC
group and 53.3% of the RF group. At the last assessment, these
proportions were 5.6% and 20%, respectively (P = 0.308).
Patients with purely paroxysmal pain at the baseline were 16.7%
in the BC group and 40% in the RF group (P = 0.239). After the
follow-up, these proportions were 72.2% and 66.7% (P = 0.730).
Other mood, quality of life, and medication used variables were
not significantly different between groups and are presented in
supplementary file (available at http:/links.lww.com/PAIN/B174).
Concomitant nonparoxysmal pain was present in 28% and 26%,
harboring TN in maxillary and mandibular division, respectively. At
6 months, this proportion was 57% and 79%, respectively.

104
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Figure 3. Numerical rating scale of main outcome (worst pain level over the last
24 hours). Description: Results expressed as mean and standard error
between groups, over time. BC, balloon compression; RF, radiofrequency.
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ssmogr;bhics and baseline pain ch istics of all and subgroups, and p bety the variabl
Characteristics Total (33) Group 1 (BC) (n = 18) Group 2 (RF) (n = 15) P
Age (in y) 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 color
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%)
Duration of symptoms (moj 4427 + 13,1 (23-63) 4044 + 139 (23-63) 489 + 107 (29-63) 0.065
Marital status
Married 17 (61.5%) 9 (50%} 8 (53.3%) 0772
Divorced 6 (18.2%) 3 (16.7%) 3 (20%)
Widow 6 {18.2%) 4{22.2%) 2 (13.3%)
Single 39.1%) 2(11.1%) 1 (6.7%)
Cohabiting 1 (3%) 0 1(6.7%)
Trigeminal division mainly affected
V2 14 (42.4%) 7 (38.9%) 7 {46.7%) 0.653
V3 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%)
Presence of other previous nontrigeminal 18 (54 5%) 12 (66.7%) 6 (40%) 0.126

chronic pain

The values are presented as mean -+ SD (range). Significance set at £ < 0.05.
BC, ballcon cornpression; RF, radiofrequency; V2, maxillary divisicn; V3, mandibutar divisicn; R, right; L, left.

3.3. Procedures

Al 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, easiy controlled with common
painkillers (the intensity and duration were similar). Radiofre-
quency patients required an average of 2 to 3 lesion cycles to
achieve hypoalgesia in the trigeminal territory of interest.

3.4. Blinding assessment

Pain during the procedure was evaluated because this is a
possble source of blinding bias. The mean values (ranging from
0 to 10) and SDs for BC and RF were, respectively, 1.33 = 2.06
and 4 = 2.27 (P = 0.02). 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 questions (P = 0.35). When asked if they wouldbe
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 signif-
icant (P = 1.0).

3.5. Effect and sample size

The preplanned interim analysis was performed at the time when
each arm reached half of the scheduled number of subjects, to
evaluate the safety and effect size of the protocol. The power of
the study was 4.7%. An update of the sample size was made
based on the results from this trial, to estimate the sample size
necessary to detect a difference between groups in a subsequent

trial using generalized estimated equations (power of 80% and a
significance level of 0.05). The number necessary per amm was
1457, thus rendering uncertain the clinical value of the difference
between BC and RF for TN. Therefore, the study was halted due
to futility after a meeting between researchers and an external
scientific board.

4. Discussion

We report the results from the first attempt to prospectively prove
superiority of BC over RF for primary TN. No significant
differences were found between BC and RF for the primary
outcome. The decision regarding which treatment to offer
patients with TN has been an issue of great debate for a long
time. Although adequate pain control has been achieved through
use of carbamazepine,'® a significant proportion of patients wil
suffer from untenable side effects or may not reach satisfactory
pain-attack control.*'*?® Percutaneous procedures have been
used for over 4 decades without clear evidence regarding which
of these is most effective for controlling TN pain or differences in
safety. The literature has an abundancy of large series of patients
who underwent ablative interventions, but the outcomes have
often been measured using different and heterogeneous pain
outcome measures, which hampers generalization. Moreover,
the characteristics of the pain in TN are often not considered in
depth: for instance, number of pain attacks, intensity of pain
attacks, reduction of medication burden, and the presence of
nonparoxysmal pain were rarely assessed systematically.?'
Considering procedure-related risks and technical difficulties,
it seems that ablative procedures are preferred over MVD for a
number of reasons*®': simplicity, outpatient management, and
low profile of severe side effects. In addition, the outcomes of the
latter have been suggested to be superior in high-volume
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of both groups and comparison between variables.

Group 1 (BC) (n = 18) Group 2 (RF) (n = 15) P
SF-MPQ
Domain
Sensory {0-8) 628 + 156 (2-8 587 = 1.77 (2-8) 0540
Affective (0-5) 461 = 061(3-5 433 =09 (2-5) 0.381
Evaluative (0-2) 200 £ 0002 2.00 =000 {2) 1.000
Total {0-15) 1289 = 1.71 9-15) 122 =251 (6-15) 0617
DN4
Total {0-10) 533 +2 (08 5.87 = 2.47 (1-9) 0382
Neuropathic pain (=4) 16 (88.9%) 12 (80%) 0.639
BPI
Intensity of pain variables
Worst pain last 24 h (0-10}—study main 6.94 + 3.55(0-10) 82 +3.19(0-10) 0292
outcome
Least pain last 24 hours (0-10) 172 £278(0-8) 1.8 + 2,86 (0-9) 0.863
Average pain last 24 hours {0-10) 505 = 3.08{0-9 6.27 = 2.76 (0-10) 0.266
Pain right now (0-10) 411 * 346 {0-10) 4.07 = 3.95 (0-10) 0882
Relief last 24 hours with medication (%) 48.89 =+ 28,67 (0-100} 68.67 = 28.9 (10-100) 0238
Pain intensity index (0-10} 446 * 268 (0-8.75) 5.08 = 2.66 (0-9.75) 0526
Interference
General activity (0-10) 6.55 *+ 3.99 (0-10) 540 + 450 (0-10) 0536
Mood (0-10) 667 + 3.66 (0-10) 7.73 =371 (0-10) 0255
Walking (0-10) 561 * 4.39 (0-10) 553 = 4.45(0-10) 0985
Normal work {0-10) 6.67 + 4.39(0-10) 58 +3.73(0-10) 0437
Relationship (0-10) 6.89 + 3.83(0-10} 6.87 = 3.85(0-10) 0.880
Sleep (0-10) 6.28 + 431 (0-10) 527 + 416 (0-10) 0432
Enjoyment of life (0-10) 839 + 261 (0-10) 7.20 = 3.97 (0-10) 0.506
Pain interference in daily life (0-10) 672 £ 295 (0-10) 6.26 = 2.61 (257-10) 0527
MQS
Score 10.63 = 621 (0-22.8) 12,47 + 4.44 (56-19.4) 0292
NPSI
Superficial spontaneous pain (0-10) 628 = 3.80(0-10) 4.80 £ 475 (0-10) 0.362
Deep spontaneous pain (0-10) 339 = 4.09(0-10) 393 = 460 (0-10) 0.876
Paroxysmal pain (0-10) 539 + 3.87 (0-10) 6.53 = 4.34 (0-10 0262
Evoked pain {0-10) 5.63 +3.76 (0-10) 5.38 = 3.37 (0-10) 0828
Paresthesia/dysesthesia (0-10) 428 = 3.41(0-10) 4.60 = 3,62 {0-10 0729
Duration of spontangous pain last 24 hours 3.00 = 1.81(1-5 3.33 £1.99(1-5) 0.520
{1-5)
Number of pain attacks last 24 hours (1-5) 317 £165(1-5 2.80 = 1.70 (1-5) 0.602
Continuous pain less than 1 hour last 24 6 (33.3%) 8 (53.3%) 0.247
hours
No pain attacks last 24 hours 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
WHOQOL
Domain
Physical (7-35) 19.78 + 545 (9-28) 19.07 £ 538 (8-31) 0.404
Psychological {6-30) 19.28 + 470 (10-26) 17.60 + 5.38 (7-29) 0.301
Social (3-15) 1044 + 176 (6-12) 10.40 = 2.75 {5-15) 0.970
Environmental {8-40) 2539 + 453 (16-32) 26.60 = 5.29 {12-36) 0536
PCS
Score (0-52) 35,89 = 11,13 (13-52) 32.47 = 11.35 (14-51) 0.39%
HADS
HADS-A {0-21) 10.11 + 572 3-21) 10.33 + 470 (1-17) 0.744
HADS-D {0-21) 6.72 = 6.04 (0-18) 6.80 =503 (0-17) 0703
Total score {0-42) 16.83 = 960 (3-36) 17.13 £ 879 (5-31) 0.899
The values are presented as mean + SD fange) o n (%). Significance is set as £ < 0.05.
BC, balloon compression; BPI, brief pain i ; DN, Douleur ique 4 i = d); HADS, Hospital Anxiety and Depression Scale (HADS-A, andety symptoms; HADS-D, depression
symptoms); MQS, Medication Quantification Scale version lll; NPSI, i i PCS, pain i RF, SF-MPQ, Short-Form McGill Pain Questicnnaire; WHOQOL, World

Health Organization quality-of-life questionnaire, brief form.

centers.® Historically, individuals often underwent percutaneous  Since the time when ablative procedures became part of the
ablative procedures for the abovementioned reasons and  armamentarium of treatment options for TN,*" % the procedures
because of the need for a leaming curve for MVD,#¥84287.7180 oot ysed have been BC and RF. Despite their apparent safety, a
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| Table 3
Predicted odds ratio for the worst pain level over the last 24 hours.
Group 1 (BC) (n = 18) Group 2 (RF) (n = 15) P
a)
Worst pain in the last 24 h above 5a 112 (0.51, 2.49) 1 [referent] 0.78
b)
Worst pain in the last 24 h above 2b 1.07 (0.48, 2.39) 1 [referent] 0.86
Worst pain in the last 24 h above 3b 1.06 (0.48, 2.33) 1 [referent] 0.88
Worst pain in the last 24 h above 7b 1.22 (0.51, 2.93) 1 [referent] 0.66

Comparsson of the “worst pain level over the last 24 h” Iransformed 1o a dichotomous variable (a: above 5; b: above 2, above 3, and above 7). The values are presented as odds rabo {(95% confidence inlerva's).

Significance is set as #< 0.05.
BC, balloon compression; RF, radiofrequency.

deeper and standardized evaluation of their pain-relief effect is still
lacking in the literature. The outcome most frequently used in
most reports was the rate of recurrence, although patients under
remission of paroxysmal pain often experience other types of pain
(ie, nonparoxysmal)*”® and side effects of surgery (skin
numbness and masticatory abnormalities), 119202 1:43:49.50.55,68
Despite the lack of differences between the 2 interventions
regarding the primary outcome in this study, some technical
issues ought to be pointed out: although BC demands use of a
Fogarty catheter and general anesthesia, RF requires a dispos-
able electrode, an RF generator, and specialized anesthesia for a
sleep—wake-sleep procedure (because of the need to evaluate
skin sensation after lesioning). Although a larger number of items
are needed, the fact that skin sensation was tested after each
cycle of RF likely protected excessive deafferentation and
possible subseguent long-term painful anesthesia. Therefore,
because of the need for a larger number of items and special
conditions, RF is a method that may not be readily available in
every pain center. However, since BC is a simple method that
demands fewer items, associated to the fact that it offers clinically
similar pain-control capacity, restricted-resource centers with
lower expertise in RF should consider BC for treating TN.

The sample size used in this study was based on previous
reports of the effect size in surgical TN trials.”® A post hoc power
analysis calculated based on this study's results suggested that if
a real difference in pain relief should exist between the 2
interventions, a clinical trial would require a significant number
of participants in each anm, larger than the sum of all the patients
enrolled in all TN trials performed to date.®#?567%7! For example,
the largest series published enrolled 1600 patients over 25

Figure 4. Balloon compression imaging. Description: Fluoroscopic image of
the “pear-shape” of the Fogarty catheter during balloon compression of the
trigeminal nerve.

years,*® which strongly suggests that the clinical difference

between both techniques are likely to be irrelevant.

The current IASP/IHS subclassification of TN is based on MRI
assessment of the posterior fossa and detection of NVC.*® Here,
only 18% of the individuals had MRI. The remaining had
secondary causes excluded with computerized tomography. It
is known that 25% of individuals with typical TN may not have
detectable NCV on MRI on the side of their pain. ' This means that
our sample probably included a largest proportion of patients with
NVC, and would probably be classified with classic TN, should
MRI assessment be performed systematically. Importantly,
although MRI studies are mandatory when NVC is envisaged,
its importance for patients undergoing ablative procedures
remains to be determined. In latest recommendations, this point
is further highlighted, and it is further acknowledged that although
MRI is fundamental for the determination of microvascular
compression of the trigeminal nerve (to classify primary TN as
classic, subsequently enabling MVD as a surgical treatment
possibility), it is not required for the diagnosis of TN per se.*

The peculiar main paroxysmal nature of TN imposes some
challenges in quantifying pain because paroxysmal pain may not be
well suitable for assessment by regular “general” pain intensity-
based visual analogue scale or numeric ranking scale approaches.
Nonparoxysmal concomitant pain in TN has been a recognized
feature of the TN syndrome.’® Indeed, TN was classified into 2
groups, according to the frequency of continuous nonparoxysmal
pain: TN1 or typical TN when paroxysms are predominant, and TN2
or atypical TN when concomitant continuous pain occurs at least in
50% ofthe time.”'®"? Infact, TN patients frequently have secondary
nonparoxysmal pain, which is less frequently assessed in both
pharmacological and surgical trials, but may be disabling and
negatively impact quality of life.'”*” Here, we tried to overcome this
limitation by assessing both the paroxysmal and nonparoxysmal
pains using NPSI, which enables specific scoring of these different
pain symptoms. Indeed, we found that both BC and RF decreased
levels of paroxysmal and nonparoxysmal pain, with no difference
between arms. Here, we used specific NPS| scores to evaluate
occurrences of continuous pain. When compared to the baseline,
despite the proportion of nonparoxysmal pain decrease after
surgical treatments compared to baseline, no difference was
observed between groups at the last appointment. These original
findings suggest that the both approaches provide similar changes
in continuous pain after percutaneous procedures. Continuous pain
in TN may be due to a wide range of causes and their presence may
have influenced previous publications where their presence was not
specifically assessed.*®*"€% Here, we also found that the
proportion of this nonparoxysmal pain was higher in patients treated
for TN mainly located in the mandibular division of the trigeminal
nerve, which may be caused by postoperative masticatory
weakness.”?!
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We also found that patients receiving RF experienced more
paresthetic symptoms after the procedure (one week and 4
weeks after surgery), despite presenting fewer pain attacks at 4
weeks compared to the BC group. This confrms that this
symptom may be expected as a side effect after percutaneous
RF, but may most likely subside after one month. Also, patients
who underwent BC presented lower total NPSI scores at 90 days
which, despite not being a main outcome of this study,
corroborates the common knowledge that BC leads to less skin
sensory disturbances. Importantly, these group differences
disappeared in the last evaluation.

Some limitations of this study should be pointed out. 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 identify
their allocation group. Although the blinding assessment revealed
that the pain level during the procedure was higher in the RF
group, the blinding was probably preserved because the
remaining assessments did not show any differences between
the groups. The six-month follow-up period is relatively short and
may not comprise the whole time to relapse. However, we chose
this time-frame because it allows for the classification of pain as
chronic (>3 months), while maintaining the double-blind nature of
the trial. Also, the sample was relatively small, given that its
estimation was based on the size of previous trials on TN, and no
studies addressing direct comparisons between ablative proce-
dures for TN were available. Ina Cochrane meta-analysis, ”® it was
stated that the greatest issue with all interventional TN studies
was the lack of standardized clinical outcomes. Therefore, direct
calculation of the study power like in this study was challenging
and mainly based on previously published articles.?>"® In fact,
results from this study could be used to calculate a more precise
power for future studies.

In summary, our study showed that pain relief after RF and BC
was globally similar, with no superiority of BC over RF for primary
TN. However, as we have shown, BC leads to less dysesthesia
than RF (and potentially less postprocedural neuropathic pain).
And, because BC requires less use of anesthetics, has a shorter
technical leaming curve, and has lower costs than RF, BC could
be preferentially recommended to patients undergoing ablative
procedures. We also found similar effects for other components
of neuropathic pain such as nonparoxysmal pain, and a relatively
small number of adverse events in both groups.

Conflict of interest statement
The authors have no conflicts of interest to declare.

Appendix A. Supplemental digital content

Supplemental digital content associated with this article can be
found online at http://links.ww.com/PAIN/B174.

Article history:

Received 6 July 2020

Received in revised form 29 August 2020
Accepted 3 September 2020

Available online XXXX

AQ:4 References

[1] Antonini G, Di Pasquale A, Cruccu G, Truini A, Morino S, Saltelli G,
Romano A, Trasimeni G, Vanacore N, Bozzao A. Magnetic resonance

www.painjournalonline.com 9

imaging contribution for diagnosing symptomatic neurovascular contact
in classical trigeminal neuralgia: a blinded case-control study and meta-
analysis. PAIN 2014;155:1464-71.

[2] Asplund P, Blomstedt P, Bergenheim AT. Percutaneous balloon
compression vs percutaneous retrogasserian glycerol rhizotomy for the
primary treatment of trigeminal neuralgia. Neurosurgery 2016;78:421-8;
discussion 428.

3] Barker FG, II, Jannetta PJ, Bissonette DJ, Larkins MV, Jho HD. The long-
term outcome of microvascular decompression for trigeminal neuralgia.
N Engl J Med 1936;334:1077-83.

[4] Bendtsen L, Zakizewska JM, Abbott J, Braschinsky M, Di Stefano G,
Donnet A, Eide PK, Leal PRL, Maarbjerg S, May A, Numikko T,
Obermann M, Jensen TS, Cruccu G. European Academy of Neurology
guideline on trigeminal neuralgia. Eur J Neurol 2013;26:831-49.

[5] Bick SKB, Eskandar EN. Surgical treatment of trigeminal neuralgia.
Neurosurg Clin N Am 2017;28:429-38.

6] Brisman R Analgesia and sedation duiing percutaneous radiofrequency
electrocoagulation for trigeminal neuralgia. Neurosurgery 1993;32:
400-5; discussion 405-4086.

[7] Brisman R. Typical versus atypical trigeminal neuralgia and other factors
that may affect results of neurosurgical treatment. Workd Neurosurg 2013;
79:649-50.

(8] Broggi G. Percuteneous retrogasserian balloon compression for
trigeminal neuralgia. World Neurosurg 2013;79:269-70.

[9] Broggi G, Franzini A, Lasio G, Giorgi G, Servello D. Long-term results of
percutaneous retrogasserian thenmorhizotomy for “essential” trigeminal
neuralgia: considerations in 1000 consecutive patients. Neurosurgery
1990;26:783-6; discussion 786-787.

[10] Burchiel KJ. A new classification for facial pain. Neurosurgery 2003;53:
1164-6; discussion 1166-1167.

[11] Burchiel KJ, McCartney S. Trigeminal neuralgia. In: Burchiel K, editor.
Surgical Management of Pain. New York: Thieme, 2015. p. 175-9.

[12] Burchiel KJ, Slavin KV. On the natural history of trigeminal neuralgia.
Neurosurgery 2000;46:152-4; discussion 154-155.

[13] Camphell FG, Graham JG, Zilkha KJ. Clinical trial of carbazepine {tegretol)
in trigeminal neuralgia. J Neurol Neurosurg Psychiatry 1966;29:265-7.

[14] Casey KF. Role of patient history and physical examination in the
diagnosis of trigeminal neuralgia. Neurosurg Focus 2005;13:E1.

[15] Chen JF, Tu PH, Les ST. Long-term follow-up of patients treated with
percutaneous balloon compression for trigeminal neuralgia in Taiwan.
World Neurosurg 2011;76:586-91.

[16] Correa CF, Teixeira MJ. Balloon compression of the Gasserian ganglion
for the treatment of tiigeminal neuralgia. Stereotact Funct Neurosurg
1998;71:83-9.

[17] Cruccu G. Trigeminal neuralgia. Continuum (Minneap Minn) 2017;23:
396-420.

[18] Cruccu G, Finnerup NB, Jensen TS, Scholz J, Sindou M, Svensson P,
Treede RD, Zakrzewska JM, Nurmikko T. Trigeminal neuralgia: new
classification and diagnostic grading for practice andresearch. Neurology
2016;87:220-8.

[19] de Andrade DC, Ferreira KA, Nishimura CM, Yeng LT, Batista AF, de Sa

K, Araujo J, Stump PR, Kaziyama HH, Galhardoni R, Fonoff ET, Ballester

G, Zakka T, Bouhassira D, Teixeira MJ. Psychometric validation of the

Portuguese version of the neuropathic pain symptoms inventory. Health

Qual Life Outcomes 2011;9:107.

de Siqueira SR, daNobrega JC, de Siqueira JT, Teixeira M. Frequency of

postoperative complications after balloon compression for idiopathic

trigeminal neuralgia: prospective study. Oral Surg Oral Med Oral Pathol

Oral Radiol Endod 2006;102:639-45.

[21] de Siqueira SR, da Nobrega JC, Teixeira MJ, de Siqueira JT. Masticatory
problems after balloon compression for trigeminal neuralgia: a
longitudinal study. J Oral Rehahil 2007;34:38-96.

[22] Diggle P, Diggle PJ, Heagerty P, Heagerty PJ, Liang K-Y, Zeger S, al e.
Analysis of longitudinal data. Oxford: Oxford University Press, 2002.

[23] Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz

NP, Kems RD, Stucki G, Allen RR, Bellamy N, Car DB, Chandler J,

Cowan P, Dionne R, Galer BS, Hertz S, Jadad AR, Kramer LD, Manning

DG, Martin S, McCarmick CG, McDermott MP, McGrath P, Quessy S,

Rappaport BA, Robbins W, Robinson JP, Rothman M, Royal MA, Simon

L, Stauffer JW, Stein W, Tollett J, Wernicke J, Witter J. Core outcome

measures for chronic pain clinical trials: IMMPACT recommendations.

PAIN 2005;113:9-19.

Dworkin RH, Turk DG, Wyrwich KW, Beaton D, Cleeland CS, Farrar JT,

Haythomthwaite JA, Jensen MP, Kems RD, Ader DN, Brandenhurg N,

Burke LB, Cella D, Chandler J, Cowan P, Dimitrova R, Dionne R, Hertz S,

Jadad AR, Katz NP, Kehlet H, Kramer LD, Manning DG, McCormick C,

McDermott MP, McQuay HJ, Patel S, Porter L, Quessy S, Rappaport BA,

Rauschkolb C, Revicki DA, Rothman M, Schmader KE, Stacey BR,

120

24

Copyright © 2020 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



ATTACHMENTS - 79

10 H.S. Neto et al. ® 00 {2020} 1-12

Stauffer JW, von Stein T, White RE, Witter J, Zavisic S. Interpreting the
clinical importance of treatment outcomes in chronic pain dlinical trials:
IMMPACT recommendations. J Pain 2008;9:105-21.

[25] Erdine S, Ozyalcin NS, Gimen A, Celik M, Talu GK, DisciR. Comparison of
pulsed radiofrequency with conventional radiofrequency in the treatment
of idiopathic trigeminal neuralgia. Eur J Pain 2007;11:308-13.

(26] Femeira K, de Andrade DC, Teixeira MJ. Development and validation of a
Brazilian version of the short-form McGill pain questionnaire (SF-MPQ).
Pain Manag Nurs 2013;14:210-19.

[27] Femeira KA, Teixeira MJ, Mendonza TR, Cleeland CS. Validation of brief
paininventory to Brazilian patients with pain. Support Care Cancer 2011;
19:505-11.

(28] Fields HL. Treatment of trigeminal neuralgia. N Engl J Med 1996;334:
1125-6.

[29] Fleck MP, Louzada S, Xavier M, Chachamovich E, Vieira G, Santos L,
Pinzon V. Application of the Portuguese version of the abbreviated
instrument of quality life WHOQOL-bref [in Portuguese]. Rev Saude
Publica 2000;34:178-83.

[30] Fraioli MF, Cristino B, Moschettoni L, Cacciotti G, Fraioli C. Validity of
percutancous  controlled radiofrequency  thermocoagulation in the
treatment of isolated third division trigeminal neuralgia. Surg Neurol
2009;71:180-3.

[31] Gronseth G, Cruccu G, Alksne J, Argoff C, Brainin M, Burchiel K,
Nurmikko T, Zakrzewska JM. Practice parameter: the diagnostic
evaluation and treatment of trigeminal neuralgia (an evidence-based
review): report of the Quality Standards Subcommittee of the American
Academy of Neurology and the European Federation of Neurological
Societies. Neurology 2008;71:1183-90.

[32] Hakanson S. Trigeminal neuralgia treated by the injection of glycerol into
the trigeminal cistem. Neurosurgery 1981;9:638-46.

{33] Harden RN, Weinland SR, Remble TA, Houle TT, Colio S, Steedman S,
Kee WG. Medication Quantification Scale Version Il update in
medication classes and revised dstiment weights by survey of
American Pain Society Physicians. J Pain 2005;6:364-71.

(34] Hartel F. Die Behandlung der Trigeminusneuralgie mit intrakraniellen
Alkoholeinspritzungen. Deutsche Z Fir Chirurgie 1914;126:429-552.

[35] Headache Classification Committee of the International Headache
Society (IHS). The international classification of headache disorders, 3rd
edition. Cephalalgia 2018;38:1-211.

[36] Holland M, Naoeller J, Buatti J, He W, Shivapour ET, Hitchon PW. The
cost-effectiveness of surgery for trigeminal neuralgia in surgically naive
patients: a retrospective study. Clin Neurol Neurosurg 2015;137:34-7.

[37] Jannetta PJ. Arterdal compression of the trigeminal nerve at the pons in
patients with trigeminal neuralgia. J Neurosurg 1967;26:153-62.

[38] Jones MR, Units |, Ehrhardt KP, Cefalu JN, Kendrick JB, Park DJ, Comett
EM, Kaye AD, Viswanath O. A comprehensive review of trigeminal
neuralgia. Curr Pain Headache Rep 2018;23:74.

[39] Kalkanis SN, Eskandar EN, Carter BS, Barker FG, |I. Microvascular
decompression surgery in the United States, 1896 to 2000: mortality
rates, morbidity rates, and the effects of hospital and surgeon volumes.
Neurosurgery 2003;52:1251-61; discussion 1261-1252.

[40] Kanpolat Y, Savas A, Bekar A, Berk C. Percutaneous controlled
radiofrequency trigeminal rhizotomy for the treatment of idiopathic
tigeminal neuralgia: 25-year experience with 1,600 patients.
Neurosurgery 2001;48:524-32; discussion 532-524.

[41] Keravel Y, Gaston A, De Andrade DCA, Mencattini G, Le Guéinel C.
Traitement de la névralgie trigéminale par la comprasion par ballon.
Neurochirurgie 2009;55:197-202.

[42] Koopman JS, de Vres LM, Dieleman JP, Huygen FJ, Stricker BH,
Sturkenboom MG. A nationwide study of three invasive treatments for
trigeminal neuralgia. PAIN 2011;152:507-13.

(43] Latchaw JP, Jr., Hardy RW, Jr., Forsythe SB, Cook AF. Trigeminal
neuralgia treated by radiofrequency coagulation. J Neurosurg 1983;59:
479-84.

[44] Lee ST, Chen JF. Percutaneous tigeminal ganglion balloon compression
for treatment of trigeminal neuralgia-part |: pressure recordings. Surg
Neurol 2003;59:63-6; discussion 66-67.

[45] Li Y, Yang L, Ni J, Dou Z. Microvascular decompression and
radiofrequency for the treatment of tigeminal neuralgia: a meta-
analysis. J Pain Res 2019;12:1937-45.

[46] Lopez BC, Hamiyn PJ, Zakizewska JM. Systematic review of ablative
neurosurgical techniques for the treatment of tigeminal neuralgia.
Neurosurgery 2004;54:973-82; discussion 982-373.

[47] Maarbjerg S, Di Stefano G, Bendtsen L, Gruccu G. Trigeminal neuralgia -
diagnosis and treatment. Cephalalgia 2017;37:648-57.

(48] Maarbjerg S, Gozalov A, Olesen J, Bendtsen L. Concomitant persistent
pain in classical trigeminal neuralgia-evidence for different subtypes.
Headache 2014;54:1173-83.

PAIN®

[49] Meglio M, Cioni B. Percutaneous procedures for trigeminal neuralgia:
microcompression versus radiofrequency thenmocoagulation. Personal
experience. PAIN 1989;38:9-16.

[50] Mittal B, Thomas DG. Controlled thermocoagulation in trigeminal
neuralgia. J Neurol Neurosurg Psychiatry 1986;49:932-6.

[51] Mullan S, Lichtor T. Percutansous microcompression of the trigeminal
ganglion for trigeminal neuralgia. J Neurosurg 1983;569:1007-12.

[52] Noorani |, Lodge A, Vajramani G, Sparow O. Comparing percutaneous
treatments of trigeminal neuralgia: 19 Years of experience in a single
centre. Stereotact Funct Neurosurg 2016;94:75-85.

[53] Nurmikko TJ, Eldridge PR. Trigeminal neuralgia—pathophysiclogy,
diagnosis and current treatment. Br J Anaesth 2001,87:117-32.

[54] Pais-Ribeiro J, Silva |, Ferreira T, Martins A, Meneses R, Baltar M.
Validation study of a Portuguese version of the hospital anxiety and
depression scale. Psychol Health Med 2007;12:225-35; quiz 235-227.

[55] Park SS, Lee MK, Kim JW, Jung JY, Kim IS, Ghang CG. Percutaneous
balloon compression of trigeminal ganglion for the treatment of idiopathic
trigeminal neuralgia : experience in 50 patients. J Korean Neurosurg Soc
2008;43:186-9.

[56] R-CoreTeam. R: a language and environment for statistical computing.
In: RFfS Computing editor. Vienna, 2018.

[57) Rasmussen P. Facial pain. II. A prospective survey of 1052 patients witha
view of: character of the attacks, onset, course, and character of pain.
Acta Neurochir (Wien) 1980;107:121-8.

[58] Regis J, Tuleasca G, Resseguier N, Canon R, Donnet A, Gaudart J,
Levivier M. Long-term safety and efficacy of Gamma Knife surgery in
classical trigeminal neuralgia: a 497-patient historical cohort study.
J Neurosurg 2016;124:1079-87.

[59] Rocha Rde O, Teixeira MJ, Yeng LT, Cantara MG, Faria VG, Liggien V,
Loduca A, Muller BM, Souza AC, de Andrade DC. Thoracic sympathetic
block for the treatment of complex regional pain syndrome type |: a
double-blind randomized controlled study. PAIN 2014;155:2274-81.

[60] Rutten-van Molken MP, van Doorslaer EK, van Viiet RC. Statistical
analysis of cost outcomes in a randomized controlled clinical trial. Health
Econ 1994;3:333-45.

[61] Sandell T, Eide PK. Effect of microvascular decompression in trigeminal
neuralgia patients with or without constant pain. Neurosurgery 2008;63:
93-9; discussion 93-100.

[62] Santos JG, Biito JO, de Andrade DC, Kaziyama VM, Fereira KA, Souzal,

Teixeira MJ, Bouhassira D, Baptista AF. Translation to Portuguese and

validation of the Douleur neuropathique 4 questionnaire. J Pain 2010;11:

484-30.

Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: updated

guidelines for reporting parallel group randomised trials. J Clin Epidemiol

2010;63:834-40.

Sehn F, Chachamovich E, Vidor LP, Dall-Agnol L, de Souza IC, Torres IL,

Fregni F, Caumo W. Cross-cultural adaptation and validetion of the

Brazilian Portuguese version of the pain catastrophizing scale. Pain Med

2012;13:1425-35.

[65] Sindou M, Leston J, Howeidy T, Decullier E, Chapuis F. Micro-vascular
decompression for primary Trigeminal Neuralgia (typical or atypical).
Long-term effectiveness on pain; prospective study with survival analysis
in a consecutive series of 362 patients. Acta Neurochir (Wien) 2006;148:
1235-45; discussion 1245.

[66] Skirving DJ, Dan NG. A 20-year review of percutaneous balloon
compression of the trigeminal ganglion. J Neurosurg 2001;94:913-17.

[67] Spatz AL, Zakrzewska JM, Kay EJ. Decision analysis of medical and
surgical treatments for trigeminal neuralgia: how patient evaluations of
benefits and risks affect the utility of treatment decisions. PAIN 2007;131:
302-10.

[68] Spincemaille GH, Dingemans W, Lodder J. Percutaneous radiofrequency
Gasserian ganglion coagulation in the treatment of trigeminal neuralgia.
Clin Neurol Neurosurg 1985,87:91-4.

[69] Sweet WH, Wepsic JG. Controlled thenmocoagulation of trigeminal
ganglion and rootlets for differential destruction of pain fibers. 1.
Trigeminal neuralgia. J Neurosurg 1974;40:143-56.

[70] Taha JM, Tew JM, Jr. Comparison of surgical treatments for trigeminal
neuralgia: resvaluation of radiofrequency rhizotomy. Neurosurgery 1996;
38:865-71.

[71] Teixeira MJ, Siqueira SR, Almeida GM. Percutaneous radiofrequency
rhizotomy and neurovascular decompression of the trigeminal nerve for
the treatment of facial pain. Arq Neuropsiquiatr 2006;64:933-9.

[72] Tew JM, Jr, Keller JT. The treatment of trigeminal neuralgia by
percutaneous radiofrequency technique. Clin Neurosurg 1977;24:
557-78.

[73] Texekalidis P, Xenos D, Tora MS, Wetzel JS, Boulis NM. Comparative
safety and efficacy of percutaneous approaches for the treatment of

163

[64]

AQ:5

Copyright © 2020 by the Intemational Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



ATTACHMENTS - 80

Month 2020 e Volume 00 « Number 00

trigeminal neuralgia: a systematic review and meta-analysis. Clin Neurol
Neurosurg 2019;182:112-22.

[74] Trojnik T, Smigoc T. Percutaneous trigeminal ganglion balloon
compression rhizotomy: experience in 27 patients.
ScientificWorldJoumal 2012;2012:328936.

[75] Tronnier VM, Rasche D, Hamer J, Kienle AL, Kunze S. Treatment of
idiopathic trigeminal neuralgia: comparison of long-term outcome after
radiofrequency rhizotomy and microvascular  decompression.
Neurosurgery 2001;48:1261-7; discussion 1267-1268.

[76] Turk DC, Dworkin RH, Revicki D, Harding G, Burke LB, Cella D, Cleeland
CS, Cowan P, Fawar JT, Hertz S, Max MB, Rappaport BA. Identifying
important outcome domains for chronic pain clinical trals: an IMMPACT
survey of people with pain. PAIN 2008;137:276-85.

[77] Wang DD, Raygor KP, Cage TA, Ward MM, Westcott S, Barbaro NM,
Chang EF. Prospective comparison of long-term pain relief rates after

www.painjournalonline.com 1

first-time microvascular dscompression and stereotactic radiosurgery for
trigeminal neuralgia. J Neurosurg 2018;128:68-77.

78] Wiffen PJ, Demry S, Moore RA, Kalso EA. Carbamazepine for chronic
neuropathic pain and fibromyalgia in adults. Cochrane Database Syst Rev
2014;4:CD005451.

[79] Zakizewska JM, Akram H. Neurosurgical interventions for the treatment
of classical trigeminal neuralgia. Cochrane Database Syst Rev 2011;9:
CD007312.

[80] Zakrzewska JM, Linskey ME. Trigeminal neuralgia. In: Zakrzewska JM,
editor. Orofacial Pain. Oxford: Oxford University Press, 2009. p. 118,

[81] ZhengS, LiX, LiR, YangL,HeL, Cao G, Yang Z, NiJ. Factors associated
with long-term risk of recurence after percutaneous radiofrequency
thenmocoagulation of the gasserian ganglion for patients with trigeminal
neuralgia: a multicenter retrospective analysis. Clin J Pain 2019,35:
958-66.

Copyright © 2020 by the Intemational Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



ATTACHMENTS - 81

Attachament H -

Publication 2

PAIN

AQ:1 Reply to Nova et al.

AQ:2

Letter to Editor:

We thank Venda Nova et al.” for their interest in our work. We fully
agree that trigeminal neuralgia (TN), despite being a rare disorder,
is a syndrome that would benefit from a joint effort from
healthcare providers and patients to develop and validate
outcome measurements that are comprehensive, relevant, and
comprehensible for end users.

However, it must also be acknowledged that sources of pain and
suffering are not only diverse in patients with TN* but may as well
stem from undue effects of surgical treatments. That means that
finding a common denominator relevant to all patients under a
patient-reported outcome framework would only partially solve these
challenges because it would provide a validated tool to assess TN
but not necessarily help detangling all the variables influencing good
outcomes after each of the treatment interventions. For instance, as
we have highlighted,® pain in TN is paroxysmal by definition, but
nonparoxysmal continuous ongoing pain may be present in a
significant proportion of patients and may respond differently to
treatments aimed at paroxysmal pain. To that, we have potential
unwented effects of surgical interventions such as chronic
posteraniotomy pain’ and hearing loss in the case of neurovascular
decompression or posttraumatic neuropathic pain (with all its
possible combinations of signs and symptoms) in a deafferented
skin {or mucosa) secondary to ablative procedures. One may also
add musculoskeletal pain in masticatory muscles originating after
ablative procedures,®® which are more frequent when the
mandibular subdivision of the trigeminal nerve is affected. Not to
mention one frequently forgotten issue: in clinical trials, individuals
with non-TN pain syndromes co-occurring with TN are frequently
excluded from studies. Because chronic pain affects at least 18%® of
the general population, real-life patents with TN may potentially
harbor concomitant causes of face or head pain, such as migraine
and cervicogenic headache® or may be under central-acting
medications for extracranial chronic pain conditions that may
influence TN pain outcomes or increase adverse events to TN
interventions. All these above-mentioned instances may influence
the perception of improvement after interventional treatments and
may add noise to the assessment of specific treatment efficacy.

Given these challenges, one could argue that a complementary
and pragmatic approach would be to contnue using general
measurements of pain intensty as end points {that do need to be
validated according to patient-reported outcome guidelines), and to
them, add a comprehensive set of tools to characterize secondary
outcomes and potential side effects of treatment individually. For
instance, we used the Neuropathic Pain Symptom Inventory (NPS)?
as a measure of the temporal profie of TN paroxysmal and
nonparoxysmal symptoms. Indeed, the NPSI alowed us to show
that radiofrequency thenmocoagulation leads to more paresthetic
symptoms after the procedure {up to one-month postsurgery),
decreasing afterwards to levels smilar to the balloon compression

Sponsorships or competing interests that may be relevant to content are disclosed
at the end of this article.
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group. In addition, the total scores of the NPSI were lower at 90 days
postprocedure in the balloon compression group compared with the
radiofrequency group. Again, these differences waned in time during
long-term follow-up. Thus, the field of TN, one of the most challenging
pain syndromes known, urgently needs the development and
validation of {primary) outcome measurements that matter to those
n pain, as wel as a more comprehensive and detailed assessment of
the different “pains” that may occur in TN and after its treatments.
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Appendix A - Brief Pain Inventory

1) Durante a vida, a maioria das pessoas apresenta dor de vez em quando (dor de

cabeca, dor de dente, etc.). Vocé teve hoje, dor diferente dessas?
1.5im D 2.N3o D

2) Marque sobre o diagrama, com um X, as areas onde vocé sente dor, e onde a dor &

mais intensa.

Frente Costas

1
Direito [= =] Esquerdo  Esquerdo Direito

-

5\

50 51

15 16

363 37
Wl ¢

38 L 39

I
L

4 5 &6 7 8 9

| o] 10 . .
Sem dor | I Pior dor possivel

4) Circule o niimero que melhor descreve a dor mais fraca que vocé sentiu nas ultimas

24 horas.

|C' 1 2 3 4 5 6 7 8 9 10|
Sem dor | | Pior dor possivel

5) Circule o nimero que melhor descreve a média da sua dor.

|O 1 2 3 4 5 6 7 8 9 10| . i
Sem dor | | Pior dor possivel

6) Circule o nimero que mostra quanta dor vocé esta sentindo agora (neste momento).

o 1 2 3 4 5 &6 7 8 9 10 ) .
Sem dor! I Pior dor possivel
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7) Quais tratamentos ou medicacdes vocé esta recebendo para dor?

Nome Dose/ Freqiiéncia Data de Inicio

8) Nas ultimas 24 horas, qual a intensidade da melhora proporcionada pelos tratamentos
ou medicacoes que vocé esta usando?
Circule o percentual que melhor representa o alivio que vocé obteve.

. 0% 10% 20% 30% 40% 50% 60°% 70% 80% 90% 100% .
Sem alivio I I alivio completo

9) Circule o niimero que melhor descreve como, nas ultimas 24 horas, a dor interferiu na
sua:

Atividade geral

|0123456?8910
N3o interferiu | | interferiu completamente

Humor
| o 1 2 3 4 5 & 7 8 9 10
MN3o interferiu | | interferiu completamente

Habilidade de caminhar

s}

|O i 2 3 4 5 &6 7 8 10
MNio interferiu | | interferiu completaments

Trabalho
o 1 2 3 4 5 & 7 8 9 10

MN3o interferiu | interferiu completamente

Relacionamento com outras pessoas

|'D 1 2 3 4 5 6 7 8 9 10
MN3o interferiu | | interferiu completamente

Sono
o 1 2 3 4 5 6 ¥ 8 9 10

MN3o interferiu [ interferiu completamente

Habilidade para apreciar a vida

|0123456?8910
N3o interferiu ! | interferiu completamente




APPENDIX - 103

Appendix B - McGill Pain Questionnaire Short-Form

Dimensio Sensitiva

Presente

Ausente

Latejante

Pontada

Choque

Fina/agulhada

Fisgada

Queimacdo

Espalha

Dolorida

Dimensiao Afetiva

Cansativa

Enjoada

Sufocante

Apavorante

Aborrecida

Dimensiao Avaliativa

Que incomoda

Insuportavel

i O

Intensity

1 2 3 4 5 6 7

8 0 10,

Sem dor
Intensidade da dor

Localizacdo da dor (marcar a localizacdo)

Pior dor possivel
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Appendix C - Douleur Neuropatique 4

Por favor. nas quatro perguntas abaixo. complete o questiondrio marcando uma

resposta para cada numero:

ENTREVISTA DO PACIENTE

Questdo 1: A sua dor tem uma ou mais das seguintes caracteristicas?

1- Queimacao
2- Sensacdo de frio dolorosa
3- Choque elétrico

Sim

Nido

Questio 2: Ha presenca de um ou mais dos seguintes sintomas na mesma area da sua

dor?

4- Formigamento

5- Alfinetada e agulhada
6- Adormecimento

7- Coceira

EXAME DO PACIENTE

Sim

Nio

Questdo 3: A dor esta localizada numa area onde o exame fisico pode revelar uma ou

mais das seguintes caracteristicas?

8- Hipoestesia ao toque
9- Hipoestesia a picada de agulha

Questdo 4: Na area dolorosa a dor pode ser causada ou aumentada por:

10- Escovacdo

Sim

Nao

Sim

Niao
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Appendix D - Neuropathic Pain Symptom Inventory

Voce tem sofrido de dor devido a lesoes ou doenca do sistema nervoso. Esta dor
pode ser de diversos tipos. Voce pode ter dor espontanea, ex: dor na ausencia de
qualquer estimulo, que pode ser duradoura ou ocorrer em ataques breves. Voce
pode também ter dor provocada ou aumentada por leve toque, pressao, ou
contacto com o frio na area dolorosa. Voce pode sentir um ou mais tipos de dor.
Este questionario foi desenvolvido para ajudar o seun medico a melhor avaliar e
tratar diferentes tipos de dor que possa sentir.

Nés queremos saber se vocé sente dor espontdnea, isto é dor sem qualquer
estimulo. Para cada das seguintes questdes, por favor seleccione o niimero gue
melhor descreve a sua gravidade media da dor espontanea durante as ultimas 24
horas. Seleccione o niimero 0 se vocé ndo sentiu tal dor (circule um mimero apenas).

Q1. A sua dor da a sensagio de queimadura?

Nio 0 1 2 3 4 5 6 7 8 9 10 Apior
queima queimadura
imaginavel

Q2. A sua dor da a sensacio de apertar?

Niao 0 1 2 3 4 5 6 7 8 9 10 Apera
aperta o pior
imaginavel

Q3. A sua dor da a sensacio de pressdo?

Sem o 1 2 3 4 5 6 7 8 9 10 Apior
pressao pressio
imaginavel

Q4. Durante as ultimas 24 horas, a sua dor espontinea tem estado presente:
Seleccione a resposta que melhor descreve o seu caso

Permanentemente |_|
Entre 8 e 12 horas |
Entre 4 e 7 horas |
Entre 1 e 3 horas |
Menos que 1 hora |

Nés queremos saber se vocé teve ataques breves de dov. Para cada das seguintes
questdes, por favor seleccione o nimero que melhor descreve a gravidade media dos
seus ataques de dor durante as ultimas 24 horas. Seleccione o mimero 0 se vocé ndo
sentiu tal dov (circule um niimero apenas).

Q5. A sua dor di a sensagfio de choque eléetrico?

Sem 0o 1 2 3 4 5 6 7 8 9 10 Opior
choque choque eléctrico

eléctrico imaginavel
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Q6. A sua dor da a sensacdo de apunhalar?

Sem 0 1 2 3 4 5 6 7 8 9 10 Apior
punhalada punhalada
imaginavel

Q7. Durante as ultimas 24 horas, quantos destes ataques de dor teve?

Seleccione a resposta que melhor descreve o seu caso

Mais de 20 L]
Entre 11 ¢ 20 ]
Entre 6 ¢ 10 |
Entre l e 5 |
Sem ataque de dor |

Nos queremos saber se vocé sente dor provocada ou aumentada por leve foque,
pressdo, contacto com frio na drea onde doéi. Para cada das seguintes questdes, por
faver seleccione o mimero que melhor descreve a gravidade média da dor provecada
durante as ultimas 24 horas. Seleccione o mimere 0 se vocé nédo sentiu tal dor
(circule um niimero apenas).

Q8. A sua dor & provocada ou aumentada por um leve toque na area dolorosa?

Sem o 1 2 3 4 5 6 7 8 9 10 A pior dor
dor imaginavel

Q9. A sua dor € provocada ou aumentada por pressdo na area dolorosa?

Sem 0o 1 2 3 4 5 6 7 8 9 10 Apiordor
dor imaginavel

Q10. A sua dor € provocada ou aumentada por contacto com algo frio na area
dolorosa?

Sem 0o 1 2 3 4 5 6 7 8 9 10 Apiordor
dor imaginavel

Nés queremos saber se vocé sente sensacdes anormais na zona onde doi. Para
cada das seguintes questdes, por favor seleccione o nimero que melhor descreve a
gravidade media das sensacoes anormais durante as ultimas 24 horas. Seleccione o
numero 0 se vocé ndo sentiu tal dor (circule um niimero apenas).

Q11. Sente alfinetes e agulhas?

Semalfinetes 0 1 2 3 4 5 6 7 8 9 10 Ospiores alfinetes
nem agulhas e agulhas

1maginaveis

Q12. Sente dormente?

Sem o 1 2 3 4 5 6 7 8 9 10 0O maisdormente
dorméncia imaginavel
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Appendix E - World Health Organization Quality of Life Brief-Form

Instrugdes:

Este questionario & sobre como vocé se sente a respeito de sua qualidade de vida, salde e outras areas de
sua vida. Por favor responda a todas as questdes. Se vocé ndo tem certeza sobre que resposta dar em uma
questdo, por favor, escolha entre as alternativas a que lhe parece mais apropriada. Esta, muitas vezes, podera ser
a sua primeira escolha.

Par favor, tenha em mente seus valores, aspiragdes, prazeres e preocupacdes. Nos estamos perguntando o
que vocé acha de sua vida, tomando como referéncia as duas ultimas semanas. Por exemplo, pensando nas
duas dltimas semanas, uma questdo poderia ser:

Vacé recebe dos outros o apoio que necessita?
Nada Muito pouco Médio Muito Completamente
1 2 3 < 5

Vocé deve circular o numero que melhor corresponde ao quanto vocé recebe dos outros o apoio que
necessitou nestas duas Ultimas semanas. Portanto, vocé deve circular o numero 4 se recebeu “muito” apoio. Vocé
deve circular o numero 1 se vocé nio recebeu “nada” de apoio.

Por favor, leia cada questio, veja o que vocé acha e circule no namero que lhe parece a melhor resposta.

1.Como vocé avaliaria a sua qualidade de vida?

[ Muito ruim [ Ruim [ Nem ruim nem boa | Boa [ Muito boa |
.+ T —2 | 3 | 3 | 5 |
2 Quo satisfeito vocé esta com sua salide?
Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5

As questdes seguintes sdo sobre o quanto vocé tem sentido algumas coisas nas dltimas duas semanas.

3.Em que medida vocé acha que sua dor (fisica) impede vocé de fazer o que vocé precisa?

| Nada | Muito pouco [ Mais ou menos | Bastante |  Extremamente |
| 1 | 2 | 3 | - | 5 |
4.0 guanto vocé precisa de algum tratamento médico para levar a sua vida diaria?
Nada Muito pouco Mais ou menos Bastante Extremamente
1 2 3 4 5
5.0 quanto vocé aproveita a vida?
[ Nada Muito pouco [ Mais ou menos | Bastante [ Extremamente |
| 1 2 | 3 | 8 | 5 |
6.Em que medida vocé acha que sua vida tem sentido?
[ Nada [ Muito pouco [ Mais ou menos | Bastante [ Extremamente |
| 1 | 2 | 3 | 8 | 5 |
7.Quanto vocé consegue se concentrar?
[ Nada [ Muito pouco [ Mais ou menos | Bastante [ Extremamente |
I — CR— 3 | 3 | : |
8.Quao seguro vocé se sente em sua vida diaria?
[ Nada [ Muito pouco Mais ou menos | Bastante | Extremamente |
[ 1 | 2 3 | 4 | 5 |
9.Qudo saudavel é o seu ambiente fisico?
[ Nada [ Muito pouco [ Mais ou menos | Bastante [ Extremamente |
| 1 | 2 | 3 | 4 | 5 |

As questdes seguintes perguntam sobre qudo completamente vocé tem sentido ou € capaz de fazer certas coisas nas
titimas duas semanas.

10.Vocé tem energia suficiente para o seu dia-a-dia?
[ Nada Muito pouco Médio [ Muito [ Completamente |
| 1 2 3 | 4 | 5 |

11.Vocé € capaz de aceitar a sua aparéncia fisica?
[ Nada [ Muito pouco [ Médio [ Muito | completamente |
| 1 | 2 | 3 | - | 5 |
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12.Vocé tem dinheiro suficiente para satisfazer suas necessidades?

Nada [

Muito pouco [

Médio [

Muito

| Completamente |

1 |

2 |

3 |

4

| 5 |

13.Qudo disponiveis estdo para vocé as informagdes que precisa no seu dia-a-dia?

[ Nada [ Muito pouco [ Médio [ Muito | completamente |

| 1 | 2 | 3 | 4 | 5 |
14.Em que medida vocé tem oportunidade de atividades de lazer?

[ Nada [ Muito pouco Médio [ Muito [ Completamente |

| 1 | 2 | 3 | 4 | 5 |

As questdes seguintes perguntam sobre qudo satisfeito vocé se sentiu a respeito de varios aspectos de sua vida nas
ultimas duas semanas.

15.Quédo bem vocé & capaz de se locomover?

[ Muito ruim Ruim [ Nem ruim nem bem | Bem [ Muito bem |
| 1 2 | 3 | 4 | 5 |
16.Qudo satisfeita vocé esta com seu sono?
Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5

17.Qudo satisfeita vocé esta com a sua capacidade de desempenhar as atividades do seu dia-a

-dia?

Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5
18.Qudo satisfeito vocé esta com a sua capacidade para o trabalho?
Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5
19.Qudo satisfeito(a) vocé esta consigo mesmo?
Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5

20.Quéo satisfeito vocé esta com suas relagdes pessoais (amigos, pare

ntes, conhecidos, colegas)?

Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5
21.Qudo satisfeito vocé estd com a sua vida sexual
Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5
22.Quao satisfeito vocé estd com o apoio que vocé recebe de seus amigos?
Muito insatisfeito Insatisfeito Nem satisfeito nem Satisfeito Muito satisfeito
insatisfeito
1 2 3 4 5
23.Quao satisfeita vocé estd com as condigdes do local onde mora?
Muito insatisfeito Insatisfeito Nem satisfeito Satisfeito Muito satisfeito
nem insatisfeito
1 2 3 4 5
24.Qudo satisfeita vocé estd com seu acesso aos servicos de saude?
Muito insatisfeito Insatisfeito Nem satisfeito Satisfeito Muito satisfeito
nem insatisfeito
1 2 3 4 5
25.Qudo satisfeita vocé estd com o seu meio de transporte?
Muito insatisfeito Insatisfeito Nem satisfeito Satisfeito Muito satisfeito
nem insatisfeito
1 2 3 4 5
As questdes seguintes referem-se a com que frequéncia vocé sentiu ou experimentou certas coisas nas Ultimas duas
semanas.
26.Com que frequéncia vocé tem sentimentos negativos tais como mau humor, desespero, ansiedade, depressdo?
Nunca Algumas vezes Freqiientemente Muito Sempre
freqilientemente
1 2 3 4 5




APPENDIX - 109

Appendix F -

Pain Catastrophizing Scale

Toda a gente passa por situacdes de dor em certos momentos da sua vida. Estas experiéncias
podem incluir dores de cabeca, dores de dentes, dores articulares ou dores musculares. As
pessoas estdo muitas vezes expostas a sifuagdes gque podem causar dor, tais como doencas,
ferimentos, intervengdes de dentista ou cirurgias.

Clueremos conhecer os pensamentos e sentimentos que tem quando esta a sentir dores. Em baixo
encontra-se uma lista com freze afirmacdes que descrevem diferentes pensamentos e sentimentos
que podem estar associados a dor. Usando a escala seguinte, por favor indigue em que medida
tem estes pensamentos e sentimentos quando esta com dares.

0 — nunca 1 — ligeiramente 2 — moderadamente 3 — bastante 4 — sempre

Quando estou com dores ...

Estou constantemente preocupado(a) em saber se a dor tera fim.
Sinto que ndo consigo continuar.

E terrivel e penso que nunca mais vai melhorar.

E horrivel e sinto que me ultrapassa completamente.

Sinto que ja ndo aguento mais.

Fico com medo que a dor piore.

Estou sempre a pensar noutras situacdes dolorosas.

Quero ansiosamente que a dor desapareca.

Nio consigo deixar de pensar nisso.

Estou sempre a pensar no quanto doi.

Estou sempre a pensar que quero muito que a dor passe.

Nio ha nada que eu possa fazer para reduzir a intensidade da dor.

Pergunto -me se podera acontecer algo grave.

. Jotal
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Appendix G - Hospital Anxiety and Depression Scale

ESCALA HOSPITLAE DE ANSIEDADE F DEPRESSAD (HADY

ANSIEDADE

DEPEESEAD

1) Eu me =mto tenzo cu contraide:
3 () A malor parte do tempo

2 [ ) Boa parte do tempo

1 ({1 De vez em quando

00 Nunea

2) Eu amda sinto zosto pelas mesmas
colzas de antes:

0107 Sim, do mezmo jeito qua antes

1 () Mo tanto quanto antas

200 56 um pouco

3 (1 Jando sinto mails prazer em nada

3% Eu sinto wma azpécia de medo, como ze
alguma cotsa rim fosze acontecer:

3 () 8im, & de um jeito muito forta

2 () Sim, mas nio tio forte

1) Um pouce, mas izs0 nio me preccupa
0 () M3e sinto nada dizso

4 Dou nizada e ma divirto quande vejo
colzas engragadas:

00 Do mesmo jeito que antes

1) Atnalmente um pouco menos

2 () Amalmentes bem menos

3 () MEo consigo mais

31 Estou com a cabaga chaia de
preccupacdes:

21 A maior parte do tempo

2 () Boa parte do tempo

1 () De vez em quando

0 () Raramenta

&) Eu me simto alegra:

3 () Wunea

2 () Poucaz vezes

1 () hlmtas vezaez

00 A malor parte do tempo

71 Conzigo ficar santado 2 vontade & ma
sentir relaxado:

0101 8im, quase sempre

1 () Wlmtas vezasz

2 [ ) Poucas vezes

) Eu eston lanto para pensar & fazer as
colzas:

3 Quase sempre

2 () hlmtas vezaz

1) De vez em qguando

3 (1 Munea 001 Munea
2% Eu tenhe uma senzacio num de medo, | 100 Eu perdi o interesze em cmdar da
comeo um frio na barriga ou um aperfo ne | minha aparéncia:

estomago:

00 MNunea

1 (1 De vez em quando
2 [ ) hImtas vazaz

3 () Quase sempre

3 () Complatamente

2 () Waep estou mais me cuidando como
deveria

1 () Talwaz nio tanto quanto antes
001 e cuide do mesmo jeito que antas

11} Eu me sinto inquisto, como =2 au ndo
pudesze ficar parado em lugar nenhom:

3 1) Sim, demais

2 [ ) Bastanta

1) Um pouco

01 30 me sinto azsim

2) Fico esperando amimado as cotsas boas
que estio por vir:
00 Do mezmo jeito que antes
1) Um pouco manos do gue antes
2 () Bem menos do que antss
3 () Quase nunca

13) D repante, tenho a sensapio de entrar
em Panico:

311 A quase todo momento

2 () Virias vazaz

1 () De vez em guando

0 (130 santo 1520

14) Consizo zsntir prazer gquando azsisto a
um bom programa de televizdo, de radio
ou guande leio alguma colza:

01 ) Quase sempre

11 Varias vazes

2 () Poucaz vezes

3 () Quase nuneca
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Appendix H - Global Impression of Change

Impressdo Clinica Global - ICG (versao do paciente)
Apos o tratamento eu estou:

O 1) muito melhor;

O 2) melhor;

O 3} ligeiramente melhor;
O 4) sem alteracdes;

O 5} ligeiramente pior;

O &) pior;

O 7) muito pior.

Impressdo Clinica Global (versao do avaliador)
Apos o tratamente, o paciente esta:

O 1) muito melhor;

O 2) melhor;

O 3} ligeiramente melhor;
O 4) sem alteracdes;

O 53} ligeiramente pior;

O &) pior;

O 7) muito pior.



