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RESUMO 

 

 

Gorgulho AA. Estudo randomizado, fase II, duplamente coberto, de estimulação 
elétrica bilateral subcutânea do nervo trigêmeo para o tratamento de depressão 
maior unipolar - TREND (tese). São Paulo: Faculdade de Medicina, Universidade 
de São Paulo; 2021. 
 
Introdução: A prevalência do Transtorno Depressivo Maior (TDM) é superior a 
163 milhões de pessoas. TDM é a principal causa de suicídios, sendo essa a 
segunda causa de mortalidade na população entre 15-29 anos de idade. Mais 
de 30% dos pacientes com TDM são resistentes ao tratamento (DRT) 
medicamentoso e psicoterápico. A DRT compromete a qualidade de vida, eleva 
a morbi-mortalidade e acarreta custos sociais substanciais. Embora existam 
vários tratamentos utilizando a neuromodulação, há uma paucidade de opções 
que proporcionem um efeito terapêutico duradouro, independente da adesão dos 
pacientes e simultaneamente evitando a abertura do crânio. A estimulação 
trigeminal externa aplicada aos pacientes com DRT resultou em melhora da 
depressão. A estimulação elétrica trigeminal subcutânea (EETs) é utilizada para 
o tratamento de dores oro-faciais refratárias. A EETs foi utilizada como terapia 
adjuvante no tratamento da DRT. Materiais e Métodos: Esse estudo é 
duplamente coberto, randomizado, unicêntrico, com duração de 1 ano. Vinte 
participantes diagnosticados com DRT receberam EETs ativa ou controle 
(estimulação desligada) durante 24 semanas. Houve um cruzamento 
unidirecional escalonado durante a segunda metade da fase randomizada. 
Todos os participantes receberam estimulação ativa durante a fase aberta do 
estudo (24 semanas).  A média de idade ± desvio padrão foi de 50,4 ± 7,2 anos, 
16/20 (80%) pacientes eram do sexo feminino; a duração média desde o 
diagnóstico de depressão era de 19,05 ± 12,05 anos. O desfecho primário foi a 
diferença da média de pontuação na escala de depressão de Hamilton 17 itens 
(HDRS-17, variação: 0-52, sendo que números mais altos indicam maior 
severidade) entre os grupos na 14ª semana, ajustando-se para as pontuações 
iniciais (média de duas medidas). Foram implantados eletrodos bilateralmente 
no subcutâneo, direcionados às sobrancelhas, para estimular o ramo V1 do 
nervo trigêmeo. Duas semanas após a cirurgia, dez participantes foram 
randomizados para receberem EETs ativa. Durante as visitas, o grupo controle 
recebeu estimulação ativa por 1 minuto, de modo a experimentar parestesia na 
fronte, sendo a estimulação desligada na sequência. Participantes recebendo 
EETs ativa foram liberados com amplitudes abaixo do limiar sensitivo, dessa 
forma assegurando o cegamento da estimulação recebida. O pesquisador não-
encoberto era o eletrofisiologista. Participantes do grupo controle cruzaram para 
EETs ativa apenas se as pontuações de HDRS-17 fossem iguais ou piores do 
que as iniciais, a partir da 14a semana. Participantes sob efeito placebo foram 
mantidos sem estimulação até a recaída. Nesse momento, eles passavam a 
receber EETs ativa. Os participantes inicialmente randomizados para EETs ativa 
assim permaneceram (cruzamento unidirecional). As medidas de desfechos 



 

secundários foram o Inventário de Depressão de Beck (BDI-SR), Inventário de 
Sintomatologia Depressiva (IDS30-SR), Qualidade de vida versão curta-36 (SF-
36), Questionário de satisfação e prazer de vida (Q-LES-Q), e Udvalg Kliniske 
undersøgelser (UKU) de efeitos colaterais. Resultados: Na semana 14, as 
pontuações do HDRS-17 caíram de 21,4 ± 2,89 e 19,95 ± 2,13 para 10,6 ± 5,85 
e 16,9 ± 5,34 nos grupos sob EETs ativa e controle, respectivamente (p = 0,019). 
A diferença média da pontuação de HDRS-17 entre os grupos foi de 6.3 pontos 
(95% intervalo de confiança: -11,1; -1,5). No grupo sob estimulação ativa, três 
pacientes estavam em remissão, quatro eram respondedores completos, um era 
respondedor parcial e dois eram não-respondedores. No grupo controle, um 
paciente estava em remissão, quatro eram respondedores parciais e cinco eram 
não-respondedores (p = 0,056). O efeito placebo estendeu-se por 16 semanas 
em 8/10 (80%) dos indivíduos. O BDI-SR e o IDS30-SR melhoraram em ambos 
os grupos em comparação às pontuações iniciais (p< 0,0001), porém não foram 
observadas diferenças entre os grupos na semana 14. Os questionários SF-36 
e Q-LES-Q evidenciaram resultados semelhantes. Foram reposicionados 4/40 
(10%) eletrodos a fim de evitar-se potencial erosão. Nenhuma infecção, erosão 
ou migração ocorreu. Dos 45 eventos adversos reportados, 38 (84,45%) foram 
leves. Na conclusão do estudo, 55% da coorte estava em remissão e adicionais 
10% eram respondedores completos. Os antidepressivos permaneceram 
inalterados durante o estudo. Conclusão: Este é o primeiro estudo que avalia a 
estimulação trigeminal subcutânea para depressão resistente ao tratamento. Os 
pacientes randomizados para estimulação ativa demostraram uma diminuição 
significativa da severidade da depressão, mesmo com a presença do efeito 
placebo em ambos os grupos. A tolerância e a adesão ao tratamento foram 
excelentes. O efeito placebo foi avaliado detalhadamente. Após 1 ano da EETs, 
a pontuação medida pelo HDRS-17 decresceu 60%. 
 
Descritores: Transtorno depressivo maior; Transtorno depressivo resistente a 
tratamento; Estimulação elétrica; Nervo trigêmeo; Estimulação elétrica 
percutânea do nervo; Terapia por neuromodulação percutânea; Terapia 
experimental; Cirurgia. 
 



 

ABSTRACT 

 

 

Gorgulho A. Double blind, randomized, phase II clinical trial of bilateral 
subcutaneous electrical stimulation of the trigeminal nerve for the treatment of 
major unipolar depression - TREND (thesis). São Paulo: “Faculdade de Medicina, 
Universidade de São Paulo”; 2021. 
 
Introduction: The prevalence of Major Depression Disorder (MDD) in the 
population is over 163 million people. MDD is the leading cause of suicides, the 
second mortality cause among 15-29 years-olds. Over 30% of MDD patients are 
treatment-resistant (TRD) to medication and psychotherapy. TRD impairs quality 
of life, raises morbimortality, entailing substantial societal costs. Although multiple 
neuromodulation treatments exist, there is a gap of options conferring a sustained 
effect, bypassing patients’ compliance and need to open the skull. External 
trigeminal stimulation applied to TRD patients resulted in decreased depression 
severity. Subcutaneous trigeminal stimulation (sTNS) is used for refractory 
orofacial pain. We applied sTNS as adjuvant neuromodulation in TRD patients. 
Materials and Methods: In this 1-year, single-center, double-blind trial, 20 TRD 
participants were randomized to active vs. sham(off) sTNS for 24 weeks. There 
was a staggering one-way crossover as the placebo effect faded during the 
second half of the randomized period. Participants received active stimulation 
during the open-label phase (24 weeks). Mean age ± SD was 50.4 ± 7.2 years, 
16/20 (80%) were female; the mean depression duration was 19.05 ± 12.05 
years. The primary outcome was between group-difference of 17-items Hamilton 
Depression scale (HDRS-17, range:0-52, higher numbers indicating more severe 
depression) at 14th week adjusted to baseline composite scores. Bilateral 
electrodes were implanted under the eyebrow to stimulate the V1 branch of the 
trigeminal nerve. Two weeks after surgery, ten participants were randomized to 
active sTNS. The sham group experienced paresthesia in the forehead for 1 
minute during visits. Sham and active STN participants were discharged off 
stimulation and at a sub-sensory threshold, respectively, assuring blinding of 
stimulation assignment. The unblinded researcher was the electrophysiologist. At 
week14, subjects under sham sTNS crossed over to active sTNS only if HDRS-
17scores were equal or worse than baseline. If any sham participant disclosed a 
placebo response, they remained off stimulation until relapse. At this moment, 
they shifted to active sTNS. Participants initially randomized to active sTNS kept 
on stimulation (one-way crossover). Secondary outcomes measures were the 
Beck Depression Inventory (BDI-SR), Inventory of Depressive Symptomatology 
(IDS30-SR), Short form-36 quality of life(SF-36), Quality of life enjoyment and 
satisfaction questionnaire (Q-LES-Q), and side effects scale. Results:                    
At week 14, HDRS-17 scores raised from 21.4 ± 2.89 and 19.95 ± 2.13 to 10.6 ± 
5.85 and 16.9 ± 5.34 for active and sham sTNS, respectively (p = 0.019). The 
least-square mean difference of HDRS-17 between groups was 6.3 points (95% 
CI: -11.1; -1.5). At week 14, there were three remitters, four complete-responders, 
one partial-responder, and two non-responders in the active stimulation group. 



 

There was one remitter, four partial-responders, and five non-responders in the 
sham group (p-value = 0.056). The placebo effect lasted 16 weeks for 8/10 (80%) 
of the subjects. BDI-SR and IDS30-SR decreased in both groups compared to 
baseline scores (p-value < 0.0005). Between-group differences were not 
observed at week 14. SF-36 and Q-LES-Q questionnaires showed similar 
findings. We repositioned 4/40 (10%) electrodes to avoid a potential erosion. No 
infection, erosion, nor migration occurred. Out of 45 reported adverse events, 38 
(84.45%) were mild. At 1-year, 55% and 10% were remitters and complete 
responders, respectively. Antidepressants were kept unchanged throughout the 
trial. Conclusion: This trial is the first to evaluate subcutaneous trigeminal 
stimulation for treatment-resistant depression. Patients randomized to active 
stimulation showed a significant decrease in depression severity despite group-
level placebo response, with excellent tolerance and compliance. Placebo 
response was carefully evaluated. After 1-year of sTNS, HDRS-17 scores 
improved 60%. 
 
Descriptors: Depressive disorder, major; Depressive disorder, treatment-
resistant; Electric stimulation; Trigeminal nerve; Percutaneous electrical nerve 
stimulation; Percutaneous neuromodulation therapy; Experimental therapy; 
Surgery. 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 INTRODUCTION 



1 Introduction  2 

1 INTRODUCTION 

 

 

The prevalence of Major Depression Disorder (MDD) in the population is 

over 163 million people worldwide (Global Burden Disease Study, 2018), across 

all socio-economical strata, age, and ethnicity groups. The main prevalence peak 

is around the 2nd-3rd decades of life, followed by a milder peak around the 5th – 

6th decades (Malhi et Mann, Lancet 2018), affecting women almost double than 

men. MDD is the leading cause of suicides, the 2nd mortality cause among 15-

29 years-old population (Global Health Estimates, WHO, 2017). 

WHO projected MDD as the first cause of disease burden by 2030 (Malhi et 

Mann, 2018). The number of depressed people increased by 12.6% between 

2007 and 2017 (Global Burden Disease Study, 2018). At least 30% of patients 

presenting a major depression episode are treatment-resistant (TRD) to standard 

approach (i.e., medication and psychotherapy) (Rush et al., 2006; Berlim et 

Turecki, 2007; Thase, 2011; Conway et al., 2017; Sackeim et al., 2019). 

TRD causes immense suffering (Sackeim et al., 2019), impairing quality of 

life (Mrazek et al., 2014; Johnston et al., 2019) and work capability (Birnbaum et 

al., 2010; Mrazek et al., 2014) throughout life. In addition, TRD increases 

morbimortality in patients with diabetes, cardiac diseases, malignancies, and 

chronic pain (Cuijpers et al., 2014; Machado et al.; Reutfors et al., 2018). Direct 

medical costs related to depression treatment and indirect costs consequential to 

loss of productive years of work are high (Amos et al., 2018). Therefore, 

depression causes a significant burden from personal and societal perspectives. 

A prospective randomized trial on 3,671 MDD outpatients (STAR*D trial) 

(Rush et al., 2006) demonstrated progressively poorer treatment outcomes as 

sequential, cumulative treatments are necessary. The treatment algorithm 

comprised a shift/association of antidepressants and augmentative therapies with 

lithium, thyroid hormone, and cognitive therapy. Many trials established that 

depression chronicity (Warden et al., 2007), lack of treatment or prior treatment 

failure (Hoertel et al., 2017; Dreimüller et al., 2019), and response instead of 

remission attainment (Paykel et al., 1995; Pintor et al., 2004) are predictors of 
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relapse. Latency time (Gelenberg et al., 2010) to detect improvement or lack of 

benefit is a significant drawback of the current treatment algorithm, conveyed by 

concerning numbers of 25% treatment withdrawal and poor compliance (Warden 

et al., 2007). An effort to overcome this hurdle led to multiple initiatives aiming to 

triage responders to selective treatments, including established electroconvulsive 

therapy (ECT) and more recently developed therapies such as transcranial 

magnetic stimulation (TMS), transcranial direct current stimulation (tDCS), vagal 

nerve (VNS), deep brain stimulation (DBS), and trigeminal nerve stimulation 

(TNS). 

The search for demographic (Perlis, 2013; Nie et al., 2018), clinical (Pintor 

et al., 2004; McClintock et al., 2011; Perlis, 2013; Falola et al., 2017; Nie et al., 

2018; Mason et al., 2020), environmental (Falola et al., 2017; Baez et Heller, 

2020), hormonal/inflammatory/immunological imbalances (Gold et Chrousos, 

2013; Esposito et Buoli; Medeiros et al., 2020) imaging characteristics (Frodl et 

al., 2004; Fu et al., 2013; Thompson et al., 2014; Lener et Iosifescu, 2015; Song 

et al., 2020), genetic/epigenetic factors (Wray et al., 2012; Major depression 

disorder working group of the psychiatric GWAS Consortium, 2013; Thompson 

et al., 2014; Falola et al., 2017; Fabbri et al., 2019) led to promising yet not 

defined parameters to improve treatment decision algorithm.  

Neuromodulation options are usually left for refractory cases (Conway et al., 

2017). International collaborative research (Potkin et Ford, 2009; Fornage et al., 

2011; Major depression disorder working group of the psychiatric GWAS 

Consortium, 2013; Thompson et al., 2014) may provide specific biological 

profiles, hopefully identifying a subpopulation fit to earlier neuromodulation 

interventions during MDD course. The merging of this multifaceted knowledge 

hopefully will open new venues to guide prognosis prediction and treatment 

guidance in the future. 

External trigeminal nerve stimulation (eTNS) delivered through bilateral skin 

adhesive electrodes was applied for treatment-resistant epilepsy (DeGiorgio et 

al., 2013) with positive serendipity effects on mood. A proof-of-principle trial with 

5 MDD subjects and a subsequent one with 11 participants was conducted to 

confirm a direct effect (Schrader et al., 2011; Cook et al., 2013) on mood. This 

pilot study was followed by others with protocol adjustments (Shiozawa et al., 
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2014; Trevizol et al., 2016; Generoso et al., 2019) evaluating MDD pts in open-

label or randomized double-blinded designs. These studies lasted from 4 to 8 

weeks. Adherence to daily stimulation was challenging, mainly considering more 

extended treatment periods.  

Subcutaneous continuous electrical trigeminal stimulation (sTNS) by an 

implantable neuromodulation system offers some advantages as it overcomes 

the issue of patient’s compliance and variability of external electrodes’ attachment 

to the skin. Hence, sTNS provides a more reliable nerve stimulation in terms of 

anatomy and continuous stimulation delivery. Altogether, a theoretical basis 

exists to expect improved clinical outcomes and more robust evidence of 

trigeminal stimulation effect in MDD by this approach. Moreover, the surgical 

procedure has been applied in cases of chronic orofacial neuropathic pain (Slavin 

et al., 2006; Sharan et al., 2015; Texakalidis et al., 2020). Surgery is safe, with 

the most common complication being electrode migration and erosion. Therefore, 

we refined the surgical technique to overcome these issues and studied the 

efficacy of the sTNS to control MDD. 
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2 SPECIFIC AIMS 

 

 

Outcome measures: 

The main goal was the evaluation of efficacy, safety, and tolerability of V1 

trigeminal nerve branch sTNS as an adjunctive treatment for adult unipolar MDD 

patients. 

 

 

2.1 Primary Specific Aim 
 

Evaluate the efficacy of subcutaneous V1 trigeminal stimulation as adjuvant 

therapy in adult patients with resistant unipolar depression. 

Outcome measure: Difference in HDRS-17 scores between active vs. sham 

groups at week 14, controlling for baseline HDRS-17 scores. A composite HDRS-

17 score was used for baseline by averaging the enrollment visit (wk-2) and the 

randomization visit (wk2) scores. 

 

 

2.2 Secondary Aims 
 

Specific Aim 2: 
Evaluate the efficacy of subcutaneous V1 trigeminal stimulation using the 

difference of HDRS-17 scores at wk26 and wk50 in comparison to baseline 

composite scores. 

Outcome measure: Difference in the HDRS-17 scores in the active group, 

sham group, and entire cohort at wk26 and wk50 compared to baseline HDRS-

17 scores. 
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Specific Aim 3: 
Evaluate the proportion of remitters, complete responders, and partial 

responders (according to definitions at section 4.11.1) on active and sham groups 

and the entire cohort at wk14, wk26, and wk50. 

Outcome measure: Use the HDRS-17 as a categorical variable to define the 

proportion of remitters, complete and partial responders at wk14, wk26, wk50 in 

the active and sham groups and the entire cohort. 

 

Specific Aim 4: 
Evaluate the efficacy of subcutaneous V1 trigeminal stimulation as adjuvant 

therapy using Beck Depression Inventory self-rated (BDI-SR) at wk14, wk26 and 

wk50. 

Outcome measure: Compare scores of Beck Depression Inventory self-

rated (BDI-SR) at wk14, wk26 and wk50 between active and sham groups, and 

the entire cohort controlling for baseline composite scores. 

 

Specific Aim 5: 
Evaluate the efficacy of subcutaneous V1 trigeminal stimulation as adjuvant 

therapy using Inventory of Depressive Symptomatology self-rated 30 items 

(IDS30-SR) at wk14, wk26, and wk50. 

Outcome measure: Compare Inventory of Depressive Symptomatology 

self-rated 30 items (IDS30-SR) scores at wk14, wk26 and, wk50 between active 

and sham groups, and the entire cohort controlling for baseline composite scores. 

 

Specific Aim 6: 
Evaluate the duration of the placebo effect during 24 weeks of randomized 

sTNS (wk2 to wk26) for participants randomized to sham stimulation during the 

first half of the randomized period (wk2 to wk14).  

Outcome measure: Evaluate the duration of placebo response in weeks 

since surgery day implantation (wk0) until relapse to baseline HDRS-17 scores. 
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Specific Aim 7: 
Evaluate the impact of subcutaneous V1 trigeminal stimulation as adjuvant 

therapy using in quality of life using the SF-36 and the Q-LES-Q questionnaires. 

Outcome measure: Compare scores of SF-36 and Q-LESQ at wk14, wk26, 

and wk50 between active and sham groups and the entire cohort controlling for 

baseline composite scores. 

 

Specific Aim 8: 
Verify the tolerability of the subcutaneous trigeminal stimulation system as 

adjuvant therapy on treating Major Unipolar Resistant depression.  

Outcome measure: Description of adverse events registered during all study 

visits using the UKU side effects scale and form 1. Adverse events are classified 

as secondary to the surgical procedure or to the electrical stimulation. 

Additionally, it is categorized in terms of likelihood, intensity, and frequency. 

Finally, we evaluate complications according to stimulation assignment. 
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3  LITERATURE REVIEW 

 

 

3.1 Standard Treatment: Antidepressants and Psychotherapy 
 

Until the breakthrough of psychopharmacology in the 1950s, major 

depression treatment options were limited. The available therapeutic options 

included chloral hydrate, barbiturates, amphetamines, ECT, and insulin-induced 

coma. Lithium anti-mania properties were identified in 1949, followed by the 

discovery of antidepressant properties of chlorpromazine, imipramine, 

iproniazide, and meprobamate in the early ’50s and, later, chlordiazepoxide in 

1960. The discovery of the drugs with action in the central nervous system 

revolutionized the treatment of psychiatric diseases (López-Muñoz et Alamo, 

2009). 

There is robust evidence on the effectiveness of tricyclic antidepressants, 

justifying their use nowadays. Imipramine is still one of the most efficacious 

medications for depression. A literature review on more than 1,000 patients 

confirmed depression improvement in 65% of patients treated with imipramine 

vs. 31% in the placebo group (Klerman et Cole, 1965). The inhibitors of 

monoamine-oxidase (MAOi), with iproniazide being the pioneer synthesized 

drug, also became very popular. The side effects of inhibition of both isoenzymes 

(MAO-A and MAO-B) led to the development of selective blockers.  

The discovery of tricyclic and MAOi drugs elicited the development of the 

monoaminergic hypothesis, conferring a valid neurobiological basis to explain 

major depression. During the ’70s, new drugs to inhibit the reuptake of serotonin 

and noradrenaline, the selective serotonin/ noradrenaline reuptake inhibitors 

(SSRI/SSNRI), were launched, culminating with the synthesis of the fluoxetine 

(Wong et al., 1974). SSNRI’s became the first option for clinical use since the 

efficacy profile mimics the tricyclic antidepressants with fewer adverse effects.  

Gender differences in response to antidepressant drugs have been debated 

in the psychiatric literature, suggesting that tricyclic may work better in men while 

SSRI in women (Sramek et al., 2016). It is certain, though, that 
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pharmacodynamics varies between females and males. The reasons are 

multifactorial such as body weight, body fat composition, plasma volume, gastric 

emptying, serum protein levels, and distinct turnover of dopamine and dopamine 

receptor binding sensitivity in the striatum (Laakso et al., 2002; Munro et al., 

2006). Nevertheless, concerning reports on post-SSRI sexual dysfunction 

syndrome, which does not necessarily subside once SSRIs are suspended, 

enhances the need to further dig into psychopharmacological options that are 

safer (Healy, 2020). It also leaves open opportunities for alternative therapies, in 

addition to medication, which is in rising within the therapeutic horizon of 

depression treatment and will be discussed in the following sections. 

Besides antidepressants per se, there are augmentative therapies jointly 

prescribed that aim to enhance treatment response, even though these 

medications are not suitable for being used as monotherapy. Some examples of 

augmentation agents are the concomitance of two antidepressants from distinct 

classes (mirtazapine and SSRI or tricyclic and SSRI, for instance), lithium, thyroid 

hormone (T3), pindolol, buspirone, dopaminergic agonists (amantadine, 

pramipexol, ropinirole, pergolide), psychostimulants (modafinil, methylphenidate, 

dextroamphetamine), atypical antipsychotics (risperidone, olanzapine, 

quetiapine, aripiprazole, ziprasidone), estrogen, dehydroepiandrosterone, folate, 

anticonvulsants (gabapentin, carbamazepine, valproic acid) and 

hypnotics/benzodiazepines. Some of these augmentative options failed to show 

a significant clinical effect in randomized, double-blind trials. Even though some 

researchers defend using augmentation therapy as an initial treatment approach 

for newly diagnosed depressed patients, most clinicians reserve augmentation 

therapy after failure to at least one antidepressant medication (Fava et Rush, 

2006). 

The literature defines failure of 2 or more antidepressant medications as 

TRD. Failure to psychotherapy is not a criterion defining resistance. The STAR-

D trial, a prospective randomized trial involving 41 American centers with 4,041 

enrolled subjects in 4 staggered treatment algorithm steps, disclosed remission 

in 36.8% of the patients in step 1, 30.6% in step 2, 13.7% in step 3, and 13% in 

step 4. The odds of achieving remission after the failure of two treatment steps 

involving a combination of antidepressants, augmentation agents, and 
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psychotherapy decreases dramatically (Rush et al., 2006). The prognosis of 

achieving long-lasting remission or response after (Rush et al., 2006) multiple 

trials of antidepressants associated with augmentation therapy is grim. Less than 

5% of patients sustained remission for over a year after the third medication 

failure (Conway et al., 2017). 

Delayed treatment response to medication correlates with fewer remissions 

and more relapses and recurrences. Intolerance after multiple failures of 

medication trials is higher and correlates with dropouts (Conway et al., 2017). It 

is crucial to promptly recognize medication non-responders and offer a spectrum 

of neuromodulation therapies in a staggered fashion driven by biomarkers, if 

available.  

Psychotherapy is helpful as a preventive intervention in depressed patients 

that do not fulfill the criteria for major depression. A study showed that after one 

year from preventive psychological intervention, the conversion to major 

depression was 27% in the treated group compared to 41% in the untreated 

group, with a number needed to treat of 5.9 (Buntrock et al., 2016). Therefore, 

the indication of psychotherapy by the general practitioner in the primary care 

setting should be encouraged. Once upon major depression establishment, 

psychotherapy alone or in combination with medication helps relieve residual 

symptoms even in remitters (Cuijpers et al., 2020). It also improves the odds of a 

responder becoming a remitter (Keller et al., 2000; Cuijpers et al., 2019). 

Psychotherapy is favored to medication intake by patients in the primary care 

setting (Dorow et al., 2018), while more severely affected depressed patients 

prefer medication. The combined effect of medication with psychotherapy leads 

to the best results compared to each technique as a stand-alone treatment option 

(Cuijpers et al., 2019). 

There are many available psychotherapy options. The most applied clinical 

trials are cognitive behavior therapy, behavioral activation therapy, interpersonal 

psychotherapy, problem-solving therapy, and non-directive counseling. 

Additional forms such as psychodynamic therapies, mindfulness, and life review 

therapy seem to be acceptable (Cuijpers et al., 2019). Psychotherapy can be 

effectively used in the digital format, by apps, with therapist support by email or 

by phone. It can also be applied individually, in groups, and by lay trained 
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personnel. All these adjustments aim to make its availability broader and costs 

lower. The effectiveness of psychotherapy by distance vs. face-to-face has been 

comparable (Dorow et al., 2018). There is, however, a caveat. The dropout rate 

of self-guided approaches is higher than traditional face-to-face treatments 

(Cuijpers et Schuurmans, 2007). 

Proper access to psychotherapy is a struggle since it is costly in our reality 

and not readily available in public institutions for the entire population of 

depressive patients. Furthermore, digital psychotherapy awareness in our 

population is limited. Therefore, it was not reasonable to establish psychotherapy 

as a required step in our research design. Moreover, it is not available, in practice, 

for a large percentage of the Brazilian population. 

 

 

3.2 Electroconvulsive Therapy (ECT) 
 

Convulsive therapy has been used in psychiatry since 1934. 

Neuropsychiatrist Ladislas Meduna provoked a generalized tonic-clonic seizure 

on a catatonic schizophrenic patient by camphor injection at the patient's buttock. 

(Fink, 2001). Pentylenetetrazol-induced seizures occurred faster, but terror 

induced by each injection led to ostracization of the method. 

Cerletti and Bini, in Rome, developed a method to induce seizures 

electrically (Cerletti, 1950). The first patient was treated with electroconvulsive 

therapy (ECT) in 1938. Depressed patients demonstrated improvement. ECT is 

effective in the treatment of monopolar and bipolar depression, including 

influencing mania (Sackeim, 2017). The development of psychotropic drugs in 

the 1950s and 1960s prompted a decrease in indications of ECT. After the initial 

wave of excitement with medications and proper identification of pharmaco-

resistance, ECT did not promptly return as a mainstay for refractory cases. Much 

is due to complications related to the era of ECT without general anesthesia, 

muscle relaxants, and a controlled environment. In addition, adverse events such 

as amnesia and cognitive deficits allied to elevated relapse rates have hindered 

ECT practice. A recent study evaluating almost 163,000 patients in 9 USA 

reported ECT delivery to about 1.5% of MDD inpatients (Slade et al., 2017). 
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There has been much effort to turn ECT safer and prolong its benefits in the 

past decades. Improvements worth mentioning are the use of brief and ultra-brief 

square wave curves, a lower amplitude of seizure threshold, right unilateral vs. 

bilateral (temporal or frontal) electrode placements. Unilateral electrode 

placement leads to milder cognitive side effects at the cost of discrete efficacy 

loss (UK ECT review group, 2003; Hermida et al., 2018). Mortality rates of 

modern ECT are around 2.1 per 100,000 treatments, according to a meta-

analysis (Tørring et al., 2017). 

There is still no consensus about which should be the first line ECT protocol. 

Some open questions are the exact frequency of seizures (2 or 3x/week), length 

of treatment, need for continuous ECT, and the best continuation strategy. 

Currently, the best-accumulated evidence to prevent relapse is the continuation 

of tricyclic antidepressants. Concomitant ketamine augmentation has been 

attempted but proved not advantageous (McGirr et al., 2015). Treatment protocol 

modifications aim to decrease the stigma associated with the therapy.  

ECT results in suppressing depression are remarkable, surpassing those 

achieved with medication (UK ECT review group, 2003). In the modern era, ECT 

is reserved for treatment-resistant depression (Van Diermen et al., 2018). Results 

from a meta-analysis disclosed success rates of 70% for patients not fulfilling the 

criteria of treatment-resistant depression and 58% for those that met the 

requirements (Haq et al., 2015). Certainly, selecting a more difficult to treat 

population will negatively impact the outcomes for any given therapy. A meta-

analysis focused on relapse rates showed 34% of relapse among responders 

within six months from ECT (Jelovac et al., 2013). It rises to 51.1% relapse rate 

at 12 months. In the 1960s, relapse rates were within the 20% range. 

Concomitance and longitudinal use of antidepressant medication post-ECT 

influences relapse rates. Recurrence rates are significantly higher in the absence 

of continuation therapy. It may be as high as 48% within three months and 78% 

in 6 months. Therefore, the search for predictors of ECT success and effect 

duration is essential. 

Predictors of remission and response after ECT are depression with 

psychotic features and older age. According to two meta-analyses, melancholic 

features were inconclusive as predictors (Haq et al., 2015; Van Diermen et al., 
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2018). Variations in the inclusion criteria of the studies selected for meta-analysis 

impact the results. 

The mechanism of action of ECT is still not well understood. Multiple 

theories suggest that ECT prompts improvements in neuroendocrine and 

neurotransmitter dysregulation (Hermida et al., 2018). Improved efficacy with 

bilateral electrode placement supports the concept that midline deep structures 

activation (such as the hypothalamus, nucleus accumbens, subcallosal cingulate 

cortex) is important to achieve success with ECT. Neurogenesis and plasticity in 

the hippocampus and amygdala have been described after ECT (Rotheneichner 

et al.; Abbott et al., 2014). 

A recent study using resting-state fMRI in 119 depressed vs. 61 controls 

compared the dynamic connectivity patterns in depressed patients before and 

after ECT and healthy subjects (Dini et al., 2021). They observed that ECT 

increases the time of maximal connectivity between default mode network and 

cognitive control network, resembling healthy controls' dynamic functional 

network connectivity. Default mode network includes the ventromedial and lateral 

prefrontal cortex, posteromedial and inferior parietal cortex, lateral and medial 

temporal cortex, amygdala, striatum, anterior and medial dorsal thalamic nuclei. 

The cognitive control network encompasses the dorsal lateral prefrontal cortex, 

anterior cingulate cortex, parts of the parietal cortex. A positive association of 

more prominent connectivity state and HDRS-17 scores improvement was 

observed. The involvement of these structures leads to a convergence about the 

site of therapeutic effect compared with neuromodulation modalities such as 

trigeminal nerve stimulation and deep brain stimulation, as discussed in the 

following sections. 

 

 

3.3 Transcranial Magnetic Stimulation (TMS) and Transcranial Direct 
Current Stimulation (tDCS) 
 

TMS is based on the principle stated by Michael Faraday in 1831. He 

established that a current creates a magnetic field which, in turn, induce an 

electric field within a nearby conducting medium (Lefaucheur et al., 2014). 
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Nowadays, transcranial application involves the placement of a coil, generating 

an electromagnetic field in a specific cortical area. The electromagnetism causes 

focal depolarization and the generation of action potentials at the target. One of 

the early applications of TMS was for major depression (George et al., 1999; 

Lefaucheur, 2012). The most common targets for TRD are the left dorsolateral 

prefrontal cortex using 10Hz frequency or right prefrontal cortex using 1Hz or a 

mixture of both. There are over 15 meta-analyses in TMS for depression 

(Hollander et al., 2015; Perera et al., 2016). Two multi-site sham-controlled trials 

(one industry and other National Institute of Mental Health-sponsored) 

(O’Reardon et al., 2007; George et al., 2010) validated the efficacy and safety of 

left DLPFC TMS at 10 Hz, 120% motor threshold, with 3000 pulses, for 4-6 

weeks. The remission rate was 15% vs. 4% in the active TMS vs. sham group, 

with 4.2 higher odds to achieve remission in those treated with TMS. Enrolled 

patients had failed one to four medications during the depressive episode or were 

intolerant to antidepressants. Patients were treated only with TMS, without 

adjuvant drugs. A third multicenter sham-controlled trial (Levkovitz et al., 2015) 

using a different protocol, with the H coil (deep TMS) received five sessions/week 

for four weeks and two sessions/week for additional 12 weeks. The parameters 

were 120% motor threshold, 18Hz, and 1980 pulses. 31.8% of the active TMS 

group achieved remission in comparison to 22.2% in the sham group. The 

duration of remission was about 62% in one year. 

The Clinical TMS society consensus recommends reinstatement of TMS in 

case of relapse until patients achieve response again (Perera et al., 2016). During 

retreatment, patients may or may not receive concomitant medication. 

Unfortunately, there are no controlled trials that specifically investigated 

medication interaction with TMS during the treatment course. It seems that the 

use of antidepressants does not increase complications. However, it is advisable 

to define motor threshold under stable medication dosage and keep it unchanged 

during the TMS course.  

The risk of seizures induced by TMS ranges from 0.003 to 0.1%. Other 

possible complications include Vasovagal syncope and pain at the stimulation 

site, which is directly related to the intensity of the stimulus. Besides, a 
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recommendation for earplugs exists due to the intensity of audible clicking of the 

magnetic pulses. 

TMS is approved by regulatory agencies in the United States and Europe 

and endorsed by multiple societies in the USA, Europe, Canada, Australia, and 

New Zealand (Perera et al., 2016). Despite the widespread acceptance, distinct 

protocols using theta-burst, twice daily stimulation, and new targets as the 

dorsomedial prefrontal cortex aimed to decrease treatment duration or improve 

outcomes (Garnaat et al., 2018). Some open questions remain regarding the 

optimal number of sessions, continuation scheme, and stimulation parameters. 

New developments aim to customize stimulation based on navigation and fMRI 

data, for instance (Luber et al., 2017). New protocols using theta-burst stimulation 

for depression with mixed features are also under evaluation (Tavares et al., 

2020). 

The FDA approved TMS for major depression in 2008. The current 

indication is for MDD patients who failed at least one antidepressant at 

appropriate dosage for a minimum of 6-8 weeks or did not tolerate two 

antidepressant medications. The response, when achieved, is fast and occurs 

soon after the medication failure. In the medication section, we discussed that 

accumulation of drug failed trials, longer time to symptom control, and higher 

number of relapses/recurrences are all negative predictors of long-lasting and 

successful outcomes. 

Regulatory approval on the grounds of prior medication failure with one 

antidepressant brings TMS application in the early course of the disease. It is 

unique from the depression treatment perspective. Neuromodulation therapies 

are frequently perceived as a last resort option. The current efficacy rates allied 

to the fact that 1/3 of responders still need additional retreatment highlights the 

importance of mode definitive results when considering other neuromodulation 

techniques. 

Other neuromodulation options requiring more invasive procedures will not 

be necessarily disadvantageous if providing a long-lasting effect with low 

complications rates. The short-term cost of implantable neuromodulation 

procedures may be superior to TMS, but it may be more cost-effective as lifelong 

therapy. In our national reality, TMS is expensive with limited availability, 
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predominantly in the public health system. Continuous treatment maintenance is 

necessary on a reasonable number of responders. The need for repetitive 

sessions limits access and raises costs (Goldbloom et Gratzer, 2020). 

Transcranial direct current stimulation (tDCS) for depression was initially 

reported during the 1960s, concomitantly to the development of recently 

discovered drugs with action in the central nervous system. Therefore, 

applications of tDCS at that time were short-lasting. A renewed interest flourished 

in the early 2000s with randomized controlled trials applying tDCS for depression 

(Fregni et al., 2006). 

tDCS consists of applying a weak direct current to the brain using soaked 

sponges. According to the stimulation polarity, the resting potential of underlying 

cells can shift towards excitation (anode) or inhibition (cathode). The subsequent 

facilitation or inhibition of neuronal firing rate modulates the subjacent cortex 

activity in a non-invasive approach (Palm et al., 2016). 

There is less experience with tDCS compared to TMS. tDCS has been 

tested in a broad variety of depressed patients, such as monopolar and bipolar 

depression, treatment-resistant depression, as a replacement or adjuvant 

medication option. There are also various protocols regarding placement of the 

electrodes, stimulation parameters, duration, and drug interaction (Palm et al., 

2016). Some medications are known to decrease the tDCS effect while others 

enhance it (Nitsche et al., 2012). Brunoni published a randomized controlled trial 

(Brunoni et al., 2017) comparing tDCS with sham-escitalopram, sham-tDCS with 

escitalopram, and sham-tDCS with sham-escitalopram. They observed a 

statistically significant benefit of escitalopram and tDCS over placebo. They 

recently published on analyzing potential biomarkers for response in this sample. 

They evaluated single nucleotide polymorphisms associated with neuroplasticity 

and the activity of monoamine neurotransmitters. Due to sample size, predictors 

were not identified (Brunoni et al., 2020). 

The European recommendation for tDCS application in depression 

(Lefaucheur et al., 2017) is a probable efficacy for a major depressive episode 

without drug resistance, with the anode positioned on the left DLPFC and a 

probable inefficacy for treatment-resistant depression. The optimal stimulation 

protocol is still a matter for future studies elucidation. Additional open questions 
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are related to the length of the effect and the patient’s adherence to chronic 

stimulation. It is considered a very safe technique, with seizures rarely reported. 

A literature review compiled the series describing hypomania episodes triggered 

by tDCS, whether in combination with antidepressants or not (Palm et al., 2016). 

Some of these patients harbored the diagnoses of bipolar disorder. A more recent 

guideline published by the neuromodulation center working group (Fregni et al., 

2021) rated anodal left DLPFC tDCS as level A evidence. They performed both 

qualitative and quantitative analyses. 

 

 

3.4 External Trigeminal Stimulation in Depression 
 

External trigeminal nerve stimulation (eTNS) delivered through bilateral skin 

adhesive electrodes was applied for treatment-resistant epilepsy (DeGiorgio et 

al., 2013) with positive serendipity effects on mood. A proof-of-principle trial 

enrolling 11 MDD subjects confirmed a direct effect on mood (Schrader et al., 

2011). Participants received eTN S for 8 hours/day, 4-6mAmp intensity during 

eight weeks, under stable medication. The Hamilton Depression rating scale 17 

items (HDRS-17) showed marked improvement in depression scores. The 

remission rate, according to HDRS-17, was 36.4 % (4 out of 11 subjects) at the 

end of 8 weeks (Cook et al., 2013). 

Under a distinct protocol, 11 MDD (Shiozawa et al., 2014) and 10 MDD 

above 65y-old subjects (Trevizol et al., 2016) received 30 minutes eTNS/daily 

during ten weekdays. The same protocol under randomized stimulation design 

was delivered to 40 moderate/severe MDD (Shiozawa et al., 2015) and 24 severe 

MDD (Generoso et al., 2019). The primary outcome measure was the difference 

of HDRS-17 scores at two-time points post-eTNS compared to baseline. 

Generoso et al. reported 8.67 points (36%) decrease in HDRS-17 scores, 

demonstrating a significant response with maintained medication. Shiozawa used 

repeated-measures analysis of variance (ANOVA) to compare HDRS-17 scores 

at baseline, immediately after ten days of stimulation and 15 days after 

stimulation cessation, controlling for time. A posthoc analysis comparing HDRS-

17 scores at these two-time points demonstrated a statistically significant 
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difference between active and sham stimulation for a response but not for 

remission. 

Throughout these series, there is no report of treatment-related mania 

(Shiozawa et al., 2017). Adverse effects were primarily due to skin irritation. All 

studies delivered eTNS for a short period (10-60 days) with limited follow-up (15-

60 days), not allowing treatment adherence to be firmly established. Two 

randomized and double-blind trials presented a dropout rate of 12.5% and 5%, 

both in studies of 2-weeks eTNS duration. The blinding assessment was 

addressed in a single trial and demonstrated to be poor (Generoso et al., 2019). 

As a token of notice, eTNS was granted FDA approval in 2019 for use in 

attention deficit hyperactivity disorder (ADHD) in children aged 7-12 without 

ongoing ADHD pharmacotherapy. Furthermore, eTNS for MDD is approved in 

Europe and Canada. In addition, the eTNS approval list involves epilepsy 

(European approval), pain disorders, and migraine (FDA approval) (Çöpur et 

Çöpur, 2021). 

McGough reports skin discoloration under the area of the patch that 

subsided over time with treatment interruption. Çöpur also points out compliance 

issues related to the daily use of the external electrodes. Given the positive 

results observed with eTNS, we considered that continuous subcutaneous 

trigeminal stimulation (sTNS) by an implantable neuromodulation system could 

be more advantageous. 

 

 

3.5 Applications of sTNS for Orofacial Neuropathic Pain 
 

Simultaneously to the description of transient peripheral trigeminal 

stimulation on a 62-year-old gentleman suffering from V3 trigeminal neuralgia by 

Wall and Sweet in the 1960s (Wall et Sweet, 1967), subcutaneous stimulation of 

the trigeminal nerve with a semi-experimental methodology was performed in 3 

patients leading to pain control (Shelden, 1966). Since the mid-1980s, sTNS is 

an established procedure (Slavin, 2011a). The percutaneous electrode 

placement technique directed to the occipital (Weiner et Reed,1999) and 
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trigeminal nerves (Johnson et Burchiel, 2004) became standard approaches to 

chronic pain treatment in the head and face. 

Unfortunately, the lack of FDA approval for this indication has precluded the 

interest from device-manufacturing companies towards device customization. 

There is limited availability to providers and patients cared outside dedicated 

academic centers (Slavin, 2011a; Jakobs et al., 2017; Mogilner, 2020). Despite 

more than 50 years of literature on the topic, the level of evidence is based on 

analysis of small case series (Slavin et al., 2006; Ellis JNS 2015; Macmahon 

World NS; Bina Neuromodulation 2019). The current undertaking of a 

multicentric, prospective controlled trial using the Halo Craniofacial Nerve 

Stimulator System hopefully will pave the path for more widespread use of this 

therapeutic option, leading to the solution of the currently available devices’ 

limitations (clinicaltrials.gov. Clinical Trial of Wireless Cranio Facial Nerve 

Stimulation (CFNS) for the Treatment of CranioFacial Neuropathic Pain. 

StimRelieve, LLC. Identifier: NCT02729480, 2016). 

Few adjustments would allow proper customization of spinal cord electrodes 

for subcutaneous peripheral nerve applications. The facial and skull anatomy is 

very peculiar, with a curved surface and a thin subcutaneous layer. The texture 

and malleability of the electrodes are inadequate for implantation at this site. The 

anchoring options are unsuitable for the anatomical area. Moreover, longer, and 

bendable tunneling needles should be part of the kit. Tunneling with the standard 

Touhy needle without the insert to allow for bending is inappropriate since it 

increases the chance to violate the integrity of the forehead skin. Moreover, as 

the tip of the needle approaches midline, it may violate the intradermal tissue by 

becoming superficial into the subcutaneous tissue (Ellis JNS 2015; Texakalidis 

Clin Neurol NS 2020). Surgeons have refined the technique aiming to overcome 

the “adaptation” of spinal cord stimulation electrodes to subcutaneous 

supraorbital (V1) and infraorbital (V2) trigeminal branches stimulation.  

Despite technical refinements, hardware-related complications are still 

significant. Erosion, infection, and migration requires device explantation in 

approximately 30-35% of the cases (Johnson et Burchiel, 2004; Slavin, 2011b; 

Mcmahon et al., 2019; Texakalidis et al., 2020). The frequency of complications 

correlates significantly to the surgeon’s experience, as described by Sharan in a 



3 Literature Review  22 

series of occipital nerve stimulation (Sharan et al., 2015). It is remarkable that the 

learning curve, on the other hand, does not seem to require extraneous training. 

Migration and fracture rates varied from 40.3% to 2.8% when comparing 

surgeons with five or fewer implants vs. those with more than 10 (Sharan et al., 

2015). Significant more erosion was noticed among surgeons with less 

experience. 

sTNS is minimally invasive and an attractive first step alternative among 

neuromodulation options. It is crucial to identify early medication non-responders. 

So, they can be referred to neuromodulation therapies in a staggered fashion, 

ideally triaged by predictors of response. 

 

 

3.6 Vagal Nerve Stimulation 
 

Vagal nerve stimulation (VNS) proved possible to affect the brain through a 

peripheral nerve pathway. VNS has been applied to epilepsy (De Salles et 

Gorgulho, 2012) and, more recently, to psychiatric disorders (Shiozawa et al., 

2014; Çöpur et Çöpur, 2021), such as TRD (Harden et al., 2000) and attention 

deficit hyperactivity disorder (ADHD) (McGough et al., 2015; Volker; McGough, 

et al., 2019). 

Inadvertent stimulation of the Vagus in epileptic patients originated in the 

19th century. Bilateral mechanical stimulation occurred by compression of the 

carotid artery in the neck with the Corning Fork, a device designed to control 

ongoing generalized seizures. Then, the belief was that cerebral blood flow 

disturbances (CBF) would cause seizures (Lanska, 2002). This device was 

further modified to deliver electrical stimulation to the carotid artery sheet, leading 

to current spread towards the vagal nerve, lying in the proximity. The goal was 

still to maximize carotid bulb stimulation to prevent seizures. Only in the past 

century, with well-designed animal models of epilepsy, was it possible to show 

that the vagal nerve stimulation directly affected the brain cortical electrical 

patterns (Bailey et Bremer, 1938; Zanchetti et al., 1952). 

Moreover, detailed studies in the cat showed that synchronization and 

desynchronization of the EEG could be achieved using different 
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electrophysiological parameters (Chase et al., 1967). This capability was further 

confirmed in a dog PTZ-model of seizures using an indwelling device (Zabara, 

1992). This device served as the basis of the human electrode for refractory 

epilepsy (Terry et al., 1991). VNS proved the feasibility to affect the brain using a 

peripheral nerve stimulation device. Moreover, it led to the observation that 

patients with epilepsy treated with VNS would also improve quality of life scores 

and depression severity (Dodrill et Morris, 2001). 

The behavioral improvement observed in epilepsy patients undergoing VNS 

for uncontrolled seizures instilled an enthusiasm for treating depressed patients 

with VNS. Since the first years of this century, observational studies supported 

the hypothesis of a direct effect on mood (Harden et al.; Elger et al., 2000). These 

studies culminated in the hallmark randomized trial (Rush et al., 2005), showing 

positive results for treatment of TRD, with 12 months follow-up. FDA approval 

was granted in 2005. 

Several trials after the studies of Rush et al. supported the effectiveness of 

VNS. They strived to improve stimulation parameters and longer-term follow-up 

(Aaronson et al., 2017), showing that the effectiveness of VNS stimulation lasts 

for as long as five years. The side effects were well characterized during the 

studies of different parameters, establishing the effectiveness and feasibility for 

TRD. Nevertheless, side effects profile, device cost, and mid-term success rates 

prevented the widespread use of VNS. It justifies the development of novel 

approaches to peripheral nerve neuromodulation as it is the case of the sTNS for 

TRD. 

The mechanisms of VNS effects in mood disorders have been elusive. 

However, neurotransmitters dosage in the cerebral spinal fluid (CSF) of epileptic 

patients undergoing VNS and functional imaging studies have brought some light 

into possible modulation of the circuits and neurochemistry involved in depressive 

symptomatology. Serotonin level in the CSF was increased in patients 

undergoing VNS, suggesting a serotonergic effect of VNS to explain its impact 

on mood (Ben-Menachem et al., 1995). Indeed, looking in-depth into the 

projections of the Vagus Nerve fibers into the brainstem, the neurochemical 

mechanism described seems plausible. The Vagal nerve projects to the locus 

coeruleus, implicating norepinephrine and serotonin as neurochemical 
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surrogates of VNS (Dorr et Debonnel, 2006; Krahl et Clark, 2012). Functional 

imaging studies with fMRI and PET scans disclosed the regional effects of VNS 

in the brain. These studies disclosed increased CBF as a surrogate marker of 

increased cortical activity in the orbitofrontal and parieto-occipital areas 

bilaterally, left temporal cortex, hypothalamus, and the left amygdala (Bohning et 

al., 2001). PET studies confirmed increased CBF in the left prefrontal cortex. It 

corroborates the findings observed in TRD responders to selective serotonin 

reuptake inhibitors (SSRIs) intake (Zobel et al., 2005). 

 

 

3.7 Deep Brain Stimulation 
 

Several groups have attempted deep brain stimulation for MDD as small 

case series or isolated case reports implanted at multiple targets and without a 

control group for comparison (Jiménez et al., 2005; Sartorius et al., 2010; 

Bewernick et al., 2012; Schlaepfer et al., 2013; Schlaepfer et al., 2014; Fenoy et 

al., 2016; van der Wal et al., 2020). 

For instance, the medial forebrain bundle was evaluated in 7 patients, with 

6/7 being responders and 4/7 being remitters at last follow-up (range: 12-33 

weeks) (Schlaepfer et al., 2013). The same group evaluated DBS in the Nucleus 

Accumbens for 11 TRD patients (Bewernick et al., 2012). At 12 months, 5/11 

(45.5%) were responders. There are case reports of DBS at the inferior thalamic 

peduncle (Jiménez et al., 2005) and lateral habenula (Sartorius et al., 2010) as 

well. 

Two targets, though, emerged as dominant in the modern literature, namely 

the ventral capsule/ventral striatum (VC/VS) (Malone et al., 2009) and the 

subcallosal cingulate region (SCC) (Brodmann area 25) (Mayberg et al., 2005; 

Lozano et al., 2008). After six months of stimulation at the VC/VS (Malone et al., 

2009), 53.5% of patients using the 24 items- HDRS-17 or 46% of patients using 

the MADRS were responders. Twenty percent achieved remission. A phase 2 

trial evaluating DBS at the SCC region (Lozano et al., 2008) showed 60% and 

55% of responders at 6 and 12 months, respectively. Eleven out of 20 patients 

(35%) were remitters at six months. 
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Results from both trials prompted the implementation of phase 3 trials, 

leading to disappointing results, not necessarily for these targets' lack of anti-

depressive effect (Dougherty et al., 2015; Holtzheimer et al., 2017). The VC/VS 

target showed 20% of responders in the active stimulation group compared to 

14.3% in the sham group after 16 weeks of stimulation (Dougherty et al., 2015). 

The sham-controlled study of SGG DBS disclosed 10% of remitters in the active 

vs. 7% in the sham stimulation at six months and 18% and 7% responders at 12 

months, respectively. In terms of responders, there were 17% in each arm at six 

months and 27% vs. 23% responders on active vs. sham groups at 12 months 

(Holtzheimer et al., 2017). 

A retrospective analysis of successful outcomes on SGG DBS pointed out 

that the confluence of pathways involving forceps minor, uncinate fasciculus, and 

cingulum bundle was a hot spot for active cathode positioning (Riva Posse et al., 

2014). The stimulation of this "sweet spot" seemed to correlate to successful 

outcomes. This hypothesis was further tested on 11 patients prospectively in the 

absence of a control group. Response rates were 72.7% and 81.8% at 6 and 12 

months, respectively. At one year, 6 out of 11 (54.5%) were in remission. In 

addition to targeting refinement, adaptative trial design allowing optimization of 

stimulation parameters prior to randomization seems to impact final results (Choi 

et al., 2015; Bergfeld et al., 2016; Riva-Posse et al., 2018). 

It is important to highlight that the results obtained with DBS so far are 

encouraging, despite the early interruption of both phase 3 trials based on futility 

analysis. One must consider that the population treated with DBS is more 

refractory than the population enrolled on eTNS, TMS, and on the current sTNS 

trial. The significant differences in eligibility criteria between both techniques are 

that DBS patients were required to fail four or more medications, with three 

failures during the current depression episode, failed psychotherapy, and a large 

percentage of patients also failed ECT. Mean baseline scores of HDMS-17 at 

enrollment are usually 2 to 4 points higher than TNS trials for depression. 
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3.8 Considerations About Neuromodulation Techniques Applied to MDD 
 

Careful consideration regarding the level of invasiveness, the robustness of 

stimulation, effectiveness, and side effects profile calls for distinct levels of 

disease severity, treatment resistance, and ultimately timing for indication of a 

given therapy. TMS is more attractive than sTNS and DBS. Therefore, it is very 

reasonable to attain indication after a single drug failure. Furthermore, 

complications related to TMS are reversible and the most severe of them, i.e., 

triggering a seizure episode, is rare. However, success rates and the need for 

continuation therapy in a significant proportion of patients prompt the search for 

a more invasive and long-lasting alternative. 

Results from eTNS trials are optimistic. It is very safe, user-friendly, and 

without significant adverse events. Nonetheless, the evidence is limited to a small 

number of subjects, treated for a short period and, most importantly, with limited 

follow-up. Due to daily electrode use, more extended stimulation periods may be 

hampered by adherence issues and potentially more prominent skin reactions. 

Once effect duration is well established, it may help patients as a stand-up alone 

technique or as a triage step for surgical implantation of continuous subcutaneous 

trigeminal stimulation. 

The vagal nerve stimulation is the only one with regulatory approval and 

long-term follow-up among the three surgical options. The research quality 

showing its results and elucidating the mechanisms of action is remarkable. 

Hoarseness, arrhythmias, and an implanted prothesis hinder enthusiasm for 

surgery. VNS did not become widely accepted due to relatively modest success 

rates in the short-term, adverse events profile, and reimbursement limitations. A 

relevant drawback is the lack of a predictor for efficacy. Patients and referring 

physicians struggle to recommend the implant without a personalized biomarker, 

even though long-term results demonstrate close to a 70% success rate. The 

non-invasive auricular vagal nerve branch device may work as a triage method 

to overcome this limitation. 

Subcutaneous trigeminal stimulation for MDD was first applied in this study. 

sTNS will face similar challenges to the ones described for VNS. However, the 

surgical procedure carries less risk. There is no critical vascular structure nearby, 
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and damage to the trigeminal nerve is not a complication listed in the series of 

patients treated for orofacial pain. Also, the side effect profile seems milder since 

hoarseness is a prevalent limitation of patients’ adherence to vagal nerve 

stimulation. A physiological basis for the risk of cardiovascular complications 

exists and will be discussed further in section 3.10. However, so far, it has not 

been a concern in the series of patients treated for neuropathic facial pain. 

DBS for MDD has reached a new level of sophistication for targeting. 

However, one needs to keep in mind the reproducibility of DBS targeting using 

diffusion tensor imaging (DTI). There is a broad variation among DTI acquisition 

protocols, and their impact on final targeting is still unknown. This problem can 

be overcome with the improvement of tractography techniques but will likely 

require standardization across centers. It is also possible that the profile of 

patients aiming to accept DBS or sTNS may differ, as only more severely 

resistant patients are likely to accept an invasive procedure in the brain. sTNS 

procedure and programming is more straightforward and faster compared to 

DBS. 

 

 

3.9 Mechanism of Action of Trigeminal Stimulation 
 

3.9.1 Anatomy and Physiology of the Trigeminal Pathway 
 

The trigeminal nerve is the largest cranial nerve in the human body, 

composed of sensitive and motor roots (Bathla et Hegde, 2013). It provides 

sensory innervation to the anterior 2/3 of head and face skin, cornea, intrabuccal 

mucosa, paranasal sinuses mucosa, intracranial duramater, intracranial blood 

vessels, and motor function of the masticatory muscles, tensor tympani, and 

tensor veli palatini. The three branches of the trigeminal nerve, namely V1 

(ophthalmic), V2 (maxillary), and V3 (mandibular), enter the skull base through 

the orbit fissure, foramen rotundum, and ovale, respectively. Then, they converge 

into the Gasserian ganglia, also known as semilunar ganglia, lodged inside the 

Meckel's cave. The V3 branch is joined by the motor root of the trigeminal nerve 

after exiting the skull base to form the mandibular nerve. 
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From the Gasserian ganglia, the trigeminal nerve traverses the pre-pontine 

cistern to enter the pons. There are four trigeminal nuclei at the brainstem: 

mesencephalic, motor, sensory principalis, and spinalis. The spinalis nucleus is 

further subdivided into caudalis, interpolaris, and oralis. The principalis and 

caudalis together are named trigeminal sensory nuclear complex (Henssen et al., 

2016). The motor and sensory principalis nuclei are located at the level of the 

entrance point of the trigeminal nerve in the pons, lying into the pontine 

tegmentum. 

The sensory principalis nucleus mediates light touch and pressure. The 

subnucleus caudalis of the spinalis nucleus extends from C3 to the obex. It is 

consistent with the dorsal laminae of the cervical spinal cord. Fibers emerging 

from laminae I, V and VI carry pain and temperature information to the thalamus. 

The interpolaris subnucleus is related to vibrissae sensitivity in rodents and 

receives information from the auriculotemporal areas (Jacquin et al., 1983). 

Fibers projecting from the oral mucosa enter this nucleus, as well as the sensory 

principalis nucleus. Subnucleus oralis, the most rostral of the spinalis nucleus, 

extends from the facial nerve nucleus to the motor nucleus of the trigeminal nerve 

in the pons. Its fibers join the afferences of the sensory principalis nucleus and 

project to the ventral posterior medial nucleus (VPM) of the thalamus. Sensory 

principalis and spinalis nuclei carry pain, temperature, and mechanoreceptive 

information from the head and intrabuccal cavity. The mesencephalic nucleus lies 

in the transition of pons and midbrain. It is responsible for proprioception, 

receiving mainly input from V3. The Motor nucleus provides efferences to 

masseter, temporalis, medial and lateral pterygoid muscles, tensor tympani, and 

tensor veli palatini. 

The ventral portion of the sensory principalis nucleus originates the 

trigeminal lemniscus known as ventral trigemino-thalamic tract, which also 

receives afferences from the subnucleus oralis and interpolaris of the nucleus 

spinalis (Henssen et al., 2016). The dorsal portion of the sensory principalis 

nucleus originates the dorsal trigeminal-thalamic tract, composed of ipsilateral 

and contralateral fibers from the spinalis nucleus. Both trigeminal-thalamic tracts 

synapse at the ventral posterior medial (VPM) nucleus of the thalamus. The 

ventral portion crosses midline while the dorsal tract sends bilateral projections. 



3 Literature Review  29 

The projections from the caudalis subnucleus terminate at the contralateral VPM 

and bilaterally to the posterior portion of the mediodorsal nucleus of the thalamus. 

These projections to the mediodorsal thalamic nucleus are probably specific from 

primates (Ganchrow, 1978). 

The medial thalamic nuclei comprise the dorsal, central, and ventral 

subnuclei. These nuclei process unpleasantness secondary to sustained and 

intense painful stimuli (Huang et al., 2019). The medial dorsal thalamic (MD) 

nuclei send and receive connections from the basal ganglia and prefrontal cortex, 

believed to be related to working memory and behavioral flexibility. MD nuclei are 

part of the limbic cortical-basal ganglia-thalamocortical loop (Lusk et al., 2020). 

Additionally, there is a small projection towards the medial division of the posterior 

nucleus of the thalamus (Ganchrow, 1978). 

Ipsilateral intra-trigeminal fibers connect the sensory principalis nucleus to 

the spinalis nucleus. Some afferences may convey information from the nucleus 

principalis through the intra-trigeminal fibers to the MD nuclei. The VPM projects 

to the primary somatosensory cortex (S1) and, together with projections from the 

VPL nourished by fibers from the lateral spinothalamic tract, corresponds to the 

lateral pain network. S1 also receives thalamic projections from the 

posteromedial nucleus (POm), which originates from the paralemniscal fibers 

(Wimmer et al., 2010). The lateral pain pathway is responsible for the sensory-

discriminative domains of the pain (Kenshalo et al., 1988; Bushnell et Duncan, 

1989; Bushnell et al., 1999). 

A third tract originates from the subnucleus caudalis that course into the 

periacquedutal grey area (PAG) (Henssen et al., 2016). The PAG projections fully 

described in animal studies (Bragin et al., 1984) have been validated into DTI 

based studies in healthy humans. PAG projects to the thalamus, prefrontal cortex, 

hypothalamus, and amygdala (Hadjipavlou et al., 2006). Connections to the 

perigenual anterior cingulate cortex lacked identification in humans' DTI study. 

These connections may have been poorly depicted, possibly due to technical 

limitations of tractography to identify these fibers in the vicinity of the massive 

corpus callosum tracts. 

In monkeys and rodents, some fibers from the subnucleus interpolaris turn 

dorsomedially, passing through the parvicellular reticular formation, entering the 
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nucleus of Tractus Solitarius (NTS) (Beckstead et Norgren, 1979; Zerari-Mailly et 

al., 2005). The NTS connects to multiple areas, such as the parabrachial nucleus, 

raphe nuclei, reticular formation, hypothalamus, other limbic structures such as 

the amygdala, insula, and lateral prefrontal cortex (Jean, 1991). The NTS virtually 

receives projections from all its efferences. 

The brainstem connections to the prefrontal cortex described above 

highlight how the brainstem influences crucial structures involved in executive 

functions, processing feelings, thoughts, and actions (Ong et al., 2019). It is 

speculative whether these trigeminal projections into the NTS, dorsomedial 

thalamic nuclei, and PAG explain the eTNS mechanism of action in major 

depression. 

The described pathways provide an anatomical basis for a trigeminal 

participation in the default nodal network involved in psychiatric conditions 

namely depression and obsessive-compulsive disorder. Evaluation of facial 

expression as a potential objective biomarker of therapy response (Jiang et al., 

2021) is under investigation. The involved loop in facial expression encompasses 

efferences from the limbic structures that generate afferences to the default mode 

network. 

 

 

3.9.2 Neuromodulation Mediated by eTNS 
 

Schoenen (Schoenen et Coppola, 2018) reviewed the literature on action 

mechanisms of external trigeminal stimulation for migraine using the Cefaly® 

device (Cefaly Technology sprl, Seraing, Belgium). Stimulation parameters 

ranged from 60 to 120Hz, 16mAmp, and 250 microseconds. Studies using FDG-

PET (Magis et al., 2011; Magis et al., 2017), functional MRI (Russo et al., 2017), 

and pain-related evoked potentials (Vecchio et al., 2018) converged to show 

abnormal activity in the perigenual anterior cingulate cortex (ACC). These 

findings suggest a segmental direct gating effect in the trigeminal pathway as a 

mechanism of action of eTNS. In addition, the authors postulate a direct 

modulation of brain activity in the ACC and orbitofrontal cortex (OFC) 

(suprasegmental level effect). 
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FDG-PET studies in migraine patients showed decreased baseline 

metabolism at the ACC and OFC in comparison to controls (Magis et al., 2017) 

There was a normalization of the uptake after three months of eTNS treatment. 

Another study using FDG PET on cluster headache patients described increased 

ACC uptake among responders to occipital nerve stimulation (Fumal et al., 2006). 

Interestingly, Mayberg (Mayberg et al., 2005) observed an increased activity at 

baseline measured by cerebral blood flow PET (CBF PET) in the subgenual 

cingulate cortex of depressed patients. After successful deep brain stimulation at 

the ACC with 130Hz, 60 microsec, and 4.0 Volts, CBF PET activity at the 

subgenual ACC was below the level of uptake observed in controls. The uptake 

of CBF PET at the frontal lobes and dorsal cingulum was decreased prior to DBS 

and normalized after successful stimulation. This pattern mimics results observed 

in responders treated with antidepressants. 

Independently of specific findings regarding metabolic activity in headache 

vs. depressed subjects, the same regions are affected and showed normalization 

of metabolic activity after successful treatment for the distinct conditions. In 

addition, a literature review (Schoenen et Coppola, 2018) shows that eTNS 

enables modulation in the perigenual ACC and thalamocortical loop involved in 

multiple conditions such as pain, epilepsy (DeGiorgio et al., 2013), and 

psychiatric diseases (Cook et al., 2013; McGough et al., 2015; McGough et al., 

2019). 

It is also relevant to consider neuroplastic changes involving the limbic-

basal ganglia-thalamocortical circuitry in migraineurs and chronically depressed 

patients. Therefore, we are comparing metabolism on distinct patterns of 

neuroplasticity at baseline. Regardless of the pathology and baseline condition, 

both populations, after successful treatment, expressed normalization of the brain 

metabolism in almost all affected areas. Moreover, electrical stimulation 

parameters differ substantially. The eTNS used frequencies ranging from 60 to 

100 Hz and large pulse width (250 microsec), while the DBS patients used 130 

Hz and low pulse width (60 microsec). Frequency ranging from 60 to 130 Hz may 

trigger opposite effects on the neuronal activity as we know from subthalamic 

stimulation for Parkinson's disease (Zibetti et al., 2016). Here we compare 
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stimulation delivered to different targets (V1 branch of the trigeminal nerve vs. 

subgenual cingulate cortex) by distinct stimulation parameters. 

Interestingly, perigenual ACC connects to the hypothalamus, explaining 

sleep disturbances in depressed patients. (Boehringer et al., 2015). eTNS at high 

intensities (16 mAmp) and frequencies (120Hz) led to compromised attention and 

vigilance among healthy controls (Schoenen et Coppola, 2018). The Cefaly most 

used frequencies were 60 or 100 Hz, and no such effect was reported. 

The broad connections of the trigeminal pathway enlighten how 

environment awareness, provided by sensory information, can modulate 

emotional and survival-related responses.  

 

 

3.10 Trigeminal Cardiac Reflex 
 

The trigeminal cardiac reflex (TCR) was first described in 1870 (Kratschmer, 

1870). The classical definition is a sudden drop of more than 20% of heart rate 

accompanied by blood pressure changes, gastric hypermotility, and even apnea 

while manipulating the trigeminal nerve (Meuwly et al., 2015). It occurs in 50 to 

80% of trigeminal neuralgia cases submitted to percutaneous compression of the 

Gasserian ganglia (Brown et Preul, 1988; Chen et al., 2012; Qin et Wang, 2020). 

Shaller et al. demonstrated that manipulation of the trigeminal nerve from the 

Gasserian ganglia towards the pons could also trigger this reflex, as noticed in 

14% of microneurosurgery procedures in the posterior fossa involving 

manipulation of the trigeminal nerve (Schaller et al.,1999). These observations 

led to TCR classification into central, gasserian, and peripheral subtypes (Meuwly 

et al., 2015). 

Interestingly, blood pressure can rise or drop, according to the central or 

peripheral origin. The peripheral TCR is often associated with hypertension, while 

the central is more frequently associated with hypotension. A new proposition of 

TCR definition based on two major (plausibility and reversibility) and two minor 

(repetition and prevention) criteria emerged (Meuwly et al., 2017). 

The most recent physiopathology model of TCR involves stimulating 

trigeminal afferences carrying information through the Gasserian ganglia to the 
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sensory principalis nucleus trigeminalis, located at the floor of the IV ventricle. 

Internuncial fiber of the reticular formation would activate efferences at the 

nucleus Ambiguous and dorsal motor nucleus of the Vagal nerve. The 

parasympathetic vagal fibers prompt the cardioinhibitory response. The motor 

portion of the loop is a pathway involved in the vasovagal and diving reflexes. 

There is mixed activation of sympathetic and parasympathetic systems leading 

to potential hypertension and bradycardia. When the activation is more central, 

the sympathetic fibers' participation is less intense, explaining hypotension 

accompanying bradycardia. When peripheral trigeminal stimulation triggers the 

reflex, sympathetic participation is more prominent, explaining normotension or 

hypertension together to parasympathetic response (i.e., bradycardia).  

Chowdhury (Chowdhury et Schaller, 2017) conducted a literature search on 

chronic TCR, which seems to be largely underestimated. The intensity of the 

symptoms is milder and vaguer, characterized by nausea/vomiting and 

bradycardia. So, the authors believe that many cases are not properly diagnosed. 

The classical reflex cardiovascular response is intense and short-lasting, 

terminated with discontinuation of the mechanical or chemical blockage of the 

parasympathetic response. The chronic definition involves changes persisting for 

over a day after the procedure or trauma to the nerve. The peripheral TCR was 

significantly more common than the central. The V1 branch was also the most 

common trigger of chronic presentations, possibly because it is the shortest 

trigeminal branch and the sole pure sensory one. (Chowdhury et Schaller, 2017). 

The current study involves continuous, direct stimulation of the intact V1 

branch bilaterally. We sought to investigate if sTNS would trigger acute or chronic 

TCR among MDD participants. 
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4 MATERIAL AND METHODS 

 

 

4.1 Trial Design 
 

We conducted a phase 2, single-center, double-blinded, randomized 

controlled trial of subcutaneous trigeminal nerve stimulation for refractory 

unipolar MDD in 20 patients. There was a randomized phase lasting six months, 

from wk2 to wk26, followed by an open-label phase lasting additional six months, 

from wk27 to wk50 (Figure 1). A one-way crossover occurred after the initial 12 

weeks of sTNS (wk14). All patients received active stimulation for additional 24 

weeks (open-label phase). This study was registered at clinicaltrials.gov under 

identifier NCT02239809. 

 

 
Figure 1 - Study design 
Legend: All 20 participants were implanted with the sTNS system within four weeks from 

enrollment. Patients returned two weeks later for suture removal and randomization to active or 

sham (off) sTNS. The 2-week interval allotted time for proper healing since the electrodes lay in 

close contact with the trochlear and supraorbital branches of the trigeminal nerve. Ten subjects 

were randomized to active stimulation during the following 12 weeks (from wk2 to wk14). The ten 

subjects under sham stimulation had the stimulation turned on for one minute during the visits to 
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establish the sensory threshold. Sham participants were discharged with stimulation off, while the 

active stimulation subjects had the threshold decreased by 0.1-0.2V and no longer experienced 

paresthesia at discharge. The electrophysiologist was the only researcher unblinded to the 

stimulation status. Therefore, at each visit, all participants experienced transient paresthesia at 

the forehead assuring the protocol masking. At wk14, the ten patients under active stimulation 

remained as such. The patients under sham sTNS had the stimulation turned on at wk14 only if 

their current HDRS-17 was similar or worse than baseline (i.e., one-way crossover). If they 

presented any improvement from baseline (i.e., placebo response), the stimulation was turned on 

for one minute, but they were discharged off. Sham patients under placebo effect could remain 

off stimulation for as long as the end of the randomized period. The psychiatrist evaluated 

participants during bimonthly visits. As soon as the HDRS-17 score raised to baseline levels, they 

were salvaged to active stimulation. The electrophysiologist annotated when every patient in the 

sham arm started active stimulation during the second half of the randomized period (wk14-wk26). 

An interim efficacy analysis would occur if placebo responders lasted until the end of the 

randomized period (i.e., 24 weeks). All participants received active stimulation during the open-

label phase (wk 27 to wk 50, i.e., additional 24 weeks). 
 

 

4.2 Research Location 
 

Participants were evaluated, operated on, and followed up at Hospital do 

Coração (Hcor) facilities. In addition, research meetings occurred at GRUDA and 

the Neurosurgery Discipline of FMUSP. The location of all facilities is in São 

Paulo city. 

 

 

4.3 Ethical Approvals 
 

This research project was part of a Ph.D. thesis. The clinical trial was a 

collaborative effort of the Research Institute of Hospital do Coração (IEP-HCor) 

with the Program of Affective Disorders (GRUDA) at the Institute of Psychiatry 

(IPq) from Hospital das Clínicas, Faculty of Medicine, State University of São 

Paulo (FMUSP) and Neurosurgery Discipline, Neurology Department of FMUSP. 

The thematic area was ‘new therapeutic invasive procedures. Hence, 

approval from the National Committee of Ethics in Research (CONEP) was 

required (Appendix A). 

The clinical trial was conducted in accordance with the Declaration of 

Helsinki, Good Clinical Practice guidelines, Document de Las Americas, and 

Resolution nº 196 from the Brazilian Ministry of Health. Furthermore, local ethics 
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committee approval was obtained from Hospital do Coração (Hcor) (Appendix B) 

and the Faculty of Medicine, University of São Paulo (FMUSP) (Appendix C). 

 

Granted approvals are as follow: 

 

 

4.3.1 Teaching and Research Committee (CEP) of Faculty of Medicine, 
University of São Paulo (FMUSP) 
 

² CAAE: 09303612.9.2001.0065 

² Report Number: 2.235.081 

 

 

4.3.2 Teaching and Research Committee (CEP) of Hospital das Clínicas 
FMUSP 

 

² CAAE:09303612.7.3001.0068 

² Report Number: 2.162.204 

 

 

4.3.3 Teaching and Research Committee (CEP) of Hospital do Coração 
(Hcor) 

 

² CAAE: 09303612.9.0000.0060 

² Report Number: 2.048.351 

 

 

4.3.4 National Committee of Ethics in Research (CONEP) 
 

² CAAE:09303612.9.0000.0060 

² Report Number: 2.061.266 

All patients signed the informed consent (Table 1). 
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Table 1 - Study Visits Schedule per patient, detailing data acquisition at every time point 
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4.4 Patient Population 

 

We included 20 patients, 18 to 65 years old, harboring the diagnosis of 

treatment-resistant major unipolar depression. Candidates were recruited by 

internet posts on the research facility’s website (IEP-Hcor) or referred by 

psychiatrists. 

Candidates completed a standardized protocol (Mind Screen Software, 

Global Mind Screen/LABS groups, Global Mind Screen Group Pty Ltd, North 

Perth, Australia). In addition, the psychiatrist conducted a face-to-face interview 

with potential eligible participants. Enrollment evaluation consisted of a structured 

clinical interview with the application of the HRDS-17 and the Structured Clinical 

Interview for DSM Disorders (SCID). MDD was diagnosed based on medical 

history and per the Diagnostic and Statistical Manual of Mental Disorders IV-TR 

(DSM 4th edition) criteria. All 20 participants presented at least one episode of at 

least 1-year duration diagnosed by SCID version DSM IV-TR. The strict definition 

of treatment resistance criteria was the failure of at least three antidepressant 

medications administered at appropriate dosage and time during the current 

depressive episode. The psychiatrist also recorded the failure of other treatment 

modalities such as psychotherapy, ECT, and TMS. 

The interview also confirmed the current use of antidepressant medications 

at therapeutic doses, stable, for a minimum of 6 weeks prior to evaluation. Table 

1 provides details about the eligibility for enrollment of the screened participants 

through Mind Screen software. These candidates had the diagnosis confirmed 

through a structured face-to-face psychiatric interview (SCID). 

The medication regimen (including benzodiazepines) was to remain the 

same during the trial. A modification would be allowed only by recommendation 

of the study psychiatrist due to depression aggravation. Suicidal risk/attempt 

identified during scheduled visits would trigger admission to the psychiatric ward 

at the IPQ of FMUSP. Extra visits were allowed depending upon the psychiatrist 

and neurosurgeon recommendations. 
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4.5 Inclusion Criteria 

 

The following criteria were observed: 

1. Age: 18 to 65 years-old; 

2. Diagnosis of refractory MDD characterized by 17-item Hamilton 

Depression Rating Scale (HDRS-17, range: 0-52 with higher scores 

representing more severe depression) ≥ 14 (corresponding to moderate 

or severe depression (Rush et al., 2006), item 1 (depressive mood) ≥ 2 

(Williams, 1988); 

3. Participants must have failed at least three but no more than six trials of 

antidepressants lasting a minimum of six weeks; 

4. Participants must be under a stable medication regimen for at least six 

weeks; 

5. Participants should present a low suicidal risk; 

6. Participants must have familial support; 

7. Participants must have the capability to provide informed consent. 

 

 

4.6 Exclusion Criteria 

 

Exclusion criteria were: 

1. Lack of consent capability from a mental or legal standpoint; 

2. Participants of clinical trials including medication or devices during the 

past six weeks; 

3. Additional psychiatric diagnosis on DSM-IV-TR axis during the past 

year; 

4. Patients harboring the diagnosis of bipolar disorder, schizoaffective 

disorder, psychotic depression, dementia throughout life, delirium 

and/or use of licit or illicit drugs for the past six months (except caffeine 

and nicotine); eating disorders for the past year, OCD for a lifetime; 

PTSD during the past year, generalized anxiety disorder, social phobia; 

5. Patients with other psychiatric co-morbidities considered limiting to 

adhesion to the study protocol; 
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6. Suicidal risk by clinical criteria or HDRS-17 score ≥4 on suicide item; 

7. If being treated with psychotherapy or other non-pharmacological 

therapies (hypnosis, etc.), must not be enrolled in the program for a 

period not shorter than 12 weeks prior to trial enrollment. No changes 

in psychotherapy intensity during the past six weeks from trial initiation; 

8. Treatment with electroconvulsive therapy, transcranial magnetic 

stimulation (ECT/TMS) for the past six months; 

9. Deep brain stimulation (DBS), Vagal Nerve implant (VNS), 

neurosurgery, brain tumor, or trauma for the lifetime; 

10. Stroke, neurodegenerative diseases, or epilepsy for the lifetime except 

for febrile seizures; 

11. Abnormal TSH/T4/T3 hormonal levels during the past three months of 

study enrollment; 

12. Current hormonal therapy; 

13. Current pregnancy or planning to get pregnant during the yearlong 

study duration; 

14. Unwillingness to use anticonception methods. 

The full description of the protocol is published (Gorgulho et al., 2019). 

 

 

4.7 Criteria for Discontinuation of participation in the Clinical Trial 

 

1. Occurrence of surgical complications such as infection;  

2. Lack of adherence to the protocol by the patient that renders the 

collection of data unreliable; 

3. Subject wishing to interrupt participation in the study before the 

conclusion of the trial. 

 

 

4.8 Randomization 

 

Patients were randomized at a 1:1 ratio to continuous trigeminal stimulation 

vs. no stimulation for 24 weeks. Randomization was performed through a 
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validated computer software available through the IEP-Hcor with blocks of 

variable sizes. The randomization is central, web-based, and accessed by the 

electrophysiologist of the study. Randomization took place on the postoperative 

visit (wk2) when sutures were removed, and stimulation was turned on (either 

active or sham). 

 

 

4.9 Informed Consent 

 

All patients received informed consent at wk-3 during the eligibility visit. Full 

disclosure about the experimental nature of the treatment of TRD with sTNS was 

provided, and a detailed explanation of the surgical implant procedure and the 

protocol visits, including the randomization period. They had the opportunity to 

ask questions to the neurosurgeon and the psychiatrist. Potential participants 

received a copy of the informed consent to take home and discuss with their 

family members. One week later (wk-2 – Table 1), they returned to sign the 

informed consent at wk -2 and clarify further doubts.  

The informed consent is attached to Appendix D. 

 

 

4.10 Sociodemographic and Clinical Evaluation 

 

Sociodemographic characteristics encompassed age, gender, ethnicity, 

educational level, current employment status, and marital status. 

Age at first depression episode, duration of the disease and current 

depressive episode, number of prior episodes, detailed registration of prior 

treatment failures confirmed the chronicity and refractoriness of MDD. We 

collected dosage and treatment length information with medications, including 

benzodiazepines, prior psychotherapy, ECT, and TMS. Those under 

psychotherapy were oriented to maintain the current treatment without 

modifications. In addition, depression features, family history for psychiatric 

diseases, habits, and prior suicide attempts were recorded. We carefully 

evaluated the presence of clinical comorbidities or risk factors for the surgical 
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procedure. The preoperative evaluation consisted of blood tests, cardiac 

evaluation by a general physician, and thoracic X-ray (Table 1). Once the 

psychiatrist and the neurosurgeon confirmed the criteria of TRD and clinical 

suitability for the procedure, participants proceeded to surgical implantation of the 

device. 

 

 

4.11 Rating Scales Assessment 

 

The following psychiatric scales and forms were used to register depression 

severity and side effects secondary to the surgical procedure, the implanted 

device, and electrical stimulation. 

 

 

4.11.1 17 Item Hamilton Depression Rating Scale (HDRS-17) 

 

HDRS-17 comprises 17 items, and scores range from 0 to 52, with higher 

numbers indicating more severe depression (Williams, 1988) (Appendix E). 

HDRS-17 scores prior to stimulation were collected at enrollment (wk-2) and 

randomization (wk2) visits. The average of both HDRS-17 scores was used as a 

composite baseline score. HDRS-17 were collected biweekly until wk26 to 

determine the duration of the placebo effect (Table 1). 

Depression severity according to HDRS-17 scores were: 8-13: mild 

depression, 14-19: moderate depression, 20-25: severe depression, and 26+: 

very severe depression (Rush et al., 2006).  

Categorical analysis of HMRD-17 results was also performed. Complete 

responders were defined as ≥ 50% HDRS-17 score improvement compared to 

baseline. Partial responders presented ≥ 20% and < 50% HDRS-17 score 

improvement. Remitters were defined as ≤ 7 points on HDRS-17.  

A single trained psychiatrist, blinded to sTNS condition, applied the HDRS-

17 scale on patients. 
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4.11.2 Beck Depression Inventory Self Rated (BDI-SR) 

 

BDI-SR comprises 21 categories of symptoms and attitudes containing 4 to 

5 self-evaluative statements, each graded with numerical values varying from 0 

to 3 points. The total score ranges from 0 to 63, with higher numbers indicating 

more severe depression (Beck et al., 1961). 

Composite baseline scores were calculated as the mean of BDI-SR at wk -

2 and wk2. The baseline score was compared per group and as an entire cohort 

at wk14, 26 and 50. 

 

 

4.11.3 Inventory of Depressive Symptomatology 30 item self-rated (IDS30-

SR) 

 

IDS30-SR is a 30 item self-rated questionnaire whose final score represents 

the sum of 28 out of 30 items. The total scores range from 0 to 84, with higher 

numbers representing more severe depression (Rush et al., 1996; Rush et al., 

2000). The final score is based on 28 items since the variables weight gain or 

loss, and appetite gain, or loss are self-excluding. Each item scores on a 0 to 3 

scale, with 0 being the absence of pathology and 3 representing severe 

pathology.  

Composite baseline scores were calculated as the mean of IDS30-SR at wk 

-2 and wk2. The baseline score was compared per group and as an entire cohort 

at wk14, 26, and 50. 

 

 

4.11.4 Short Form 36 Quality of Life (SF 36) 

 

The Short form-36 quality of life is a multipurpose health survey composed 

of 36 questions encompassing eight domains. The grouping of 4 domains named 

physical functioning, role physical, bodily pain, and vitality represents the 

measures of the physical composite scale. The other four domains defined by 

emotional role functioning, mental health, general health perception, and social 
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role functioning account for the composite mental scale. The scores range from 

0 to 100, with lower numbers indicating more severe disability (Ware et 

Sherbourne, 1992). 

The between-groups comparison was conducted at wk14. Scores were 

compared to the baseline condition (wk-2) at wk26 and 50 due to one-way 

crossover and open-label trial design, which precluded between groups 

comparison (Figure 1). 

 

 

4.11.5 Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q) 

 

Quality of life enjoyment and satisfaction questionnaire (Q-LES-Q) is a 93-

item self-rated questionnaire, with 91 items grouped in eight summary scales. 

Five of the summary scales apply to all subjects, while three are scored only if 

appropriated (study, work employment etc.) Each of the 93 questions scores with 

a 5-point scale. Higher numbers indicate greater enjoyment and life satisfaction, 

converting the raw scores into a percentage of the maximal score possible 

(Endicott et al., 1993). The questionnaires were acquired at wk-2, wk14, wk26, 

and wk50 (Table 1). 

 

 

4.12 Adverse Events 

 

4.12.1 Udvalg for Kliniske Undersøgelser Side-Effects Scale (UKU Side 

Effect Scale) 

 

UKU is composed of 48 items, and each one scored on a 4-point scale 

described as 0 = not or doubtfully present, 1 = present to a mild degree, 2 = 

present to a moderate degree, 3 = present to a severe degree. The items cluster 

into four sub-groups: psychic, neurological, autonomic, and other. The range is 

from 0 to 144 points, with higher numbers indicating worse side effects 

(Lingjaerde et al.,1987). 
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4.12.2 Adverse Event Report Form 

 

A report (Figure 2) was filled at every visit when the patient reported an 

adverse event. The form attended the Medical Dictionary for Regulatory 

Activities. The adverse events were classified as related to the study protocol, 

surgical procedure, or electrical stimulation. The likelihood was rated as probable, 

possible, unlikely, or not related.  

During all visits, participants were asked about the occurrence of a side 

effect. The severity was rated as severe, moderate, or mild. An additional specific 

form for severe adverse events existed. 
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Figure 2 - Completed form reporting adverse events 

continue 
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continuation 

 
Figure 2 - Completed form reporting adverse events 

continue 
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continuation 

 
Figure 2 - Completed form reporting adverse events 

continue 
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continuation 

 
Figure 2 - Completed form reporting adverse events 

continue 
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conclusion 

 
Figure 2 - Completed form reporting adverse events 
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4.13 Surgical Procedure 

 

The unique shaving and operative field preparation are depicted in Figure 

2. An arc trajectory of 1.5 cm width from the left temporal area to the right parietal 

area, like a tiara, was shaved to prepare for subcutaneous tunneling of the left-

side electrode to join the right-side electrode. In addition, it allowed a satisfactory 

immediate post-operative cosmetic result, as the patients could cover this arc-

shaved area with their anterior frontal hair, which appears covered by the surgical 

drape in Figure 3. 

 

 
Figure 3 - Sterile draping for surgery 
The patient is in the supine position prepared sterile and under general anesthesia.  The head is 
resting in a doughnut, allowing its’ turning to both sides. The white vertical arrows show the 
patient’s midline at the nasium in (A) and (B). The oblique arrows in (A) demonstrate the eyebrow 
where the stimulating electrode is guided to lodge over the branches of the ophthalmic division. 
The horizontal arrow in (B) shows the site in the chest where the incision accompanying the 
anterior border of the pectoralis muscle, following the lines of Langerhans at the pre-axillary region 
is placed to develop the subcutaneous pouch where the generator is lodged. The oblique arrows 
in (B) show the trajectory where the connector wire travels to connect the stimulating electrode to 
the pulse generator. 
 

Under general anesthesia, in the supine position, bilateral 3 cm temporal 

incisions (Figure 4) were made to allow the insertion of a Touhy needle no 14 

subcutaneously towards the supraorbital foramen, where branches of the 

ophthalmic division of trigeminal nerve (supraorbital and supratrochlear nerves) 

ramify. It assured close contact of the electrode with V1 branches. The V1 

approach also provides a more reliable electrode fixation, decreasing migration 
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odds compared to V2 and V3 branches stimulation. The electrodes were tunneled 

towards the midline, cranial to the supraorbital foramen, under the eyebrows 

(Figure 5). Their distal portion exited through the temporal incisions. 

 

 
Figure 4 - Temporal incision and dissection of the temporalis muscle 
The vertical arrow shows the midline of the patient at the nasium. A 3cm incision was placed at 
the supra-zygomatic region (oblique arrow). The scissor demonstrates the muscle temporalis 
fibers which are dissected to disclose the skull surface where the electrode will be fixed with 
titanium miniplates. 
 



4 Material and Methods  54 

 
Figure 5 - Placement of the subcutaneous electrode in the forehead 
The vertical arrow shows the midline of the patient at the nasium. The oblique arrow shows the 
hub of the needle used to guide the electrode through the subcutaneous of the forehead towards 
the midline of the patient, under the ipsilateral eyebrow. 

 

Optimal electrode positioning was confirmed by antero-posterior 

fluoroscopy (Figure 6). 

 

 
Figure 6 – Intraoperative fluoroscopy of the final position of the electrode in the 
forehead 
The vertical arrow shows the midline of the patient at the nasium. The oblique black arrow the in 
the insert shows the branches of the ophthalmic division of the trigeminal nerve which are 
stimulated by the electrodes seen in the frontal skull x-ray. The dotted line in the insert mimics 
the position of the electrode in relation to the trigeminal nerve. 
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Electrodes with eight contacts of 3 mm, 1.5 mm spaced (Model 

3776/Subcompact™, Medtronic, Dublin, Ireland) were fixed with titanium mini 

plates and 4 mm titanium screws to the temporal bone bilaterally, to prevent 

future electrode migration (Figure 7). 

 

 
Figure 7 - Fixation of the stimulation electrode at the temporal bone 
The oblique arrow shows the miniplate held in over the distal portion of the electrode coming from 
the eyebrow region. This fixation permitted a stable position of the electrode and avoided its 
migration 

 

The left lead was tunneled as a tiara to join the contralateral electrode on 

the right parietal region, an extension added to the left electrode at this incision. 

Both were tunneled to the right infraclavicular fossa to connect with the pulse 

generator (PrimeAdvanced™ non-rechargeable, Medtronic). The generator was 

tied to the fascia of the pectoralis muscle with two stitches, avoiding migration 

and flipping of the device. Impedance tests were acquired, confirming the integrity 

of the system. 

The final aesthetic results can be appreciated in Figure 8 below. 
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Figure 8 - Final result post-implantation 
The tiara technique assured an excellent aesthetic result. The subcutaneous electrode in the 
forehead is not noticeable. 

 

One can also appreciate the facial features of a patient on the day of surgery 

and trial conclusion (Figure 9). 

 

 
Figure 9 – Pre-operative and Post-sTNS stimulation 
A) patient at the day of the surgical procedure (wk0) and B) at study completion (wk50). The 
implanted electrodes in the forehead just behind the eyebrows result in excellent facial cosmesis. 
In addition, the tiara tunneling of the left electrode to the right parietal area and further tunneling 
towards the lateral portion of the infraclavicular region for the generator pocket does not limit the 
use of summer clothing, free from scar depiction. 
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4.14 Subcutaneous Trigeminal Stimulation (sTNS) 

 

Participants returned 2-weeks later for randomization towards active vs. 

sham (off) sTNS. Randomization through a software-based system at the time of 

the post-operative visit occurred.  

The two-week interval between the surgical implant and electrical 

stimulation was selected to properly heal the forehead area receiving the 

electrodes (Figure 1). Since the electrodes are placed subcutaneously in close 

contact with the trochlear and supraorbital branches of the trigeminal nerve, it 

was opted to wait for a complete recovery from surgically provoked trauma to 

minimize post-operative discomfort and any given stimulation related interaction. 

Two weeks is more than enough time for eventual local edema reabsorption. 

Besides, it allotted enough time for the patients to adjust to the presence of the 

implant. Patients have time to understand the distinction between adverse events 

secondary to the surgical procedure (post-implant pain, edema, nausea, throat 

pain related to anesthesia, etc.) and adjust with the sensation of the newly 

implanted prosthesis. Thus, we helped patients to distinguish and isolate 

unpleasant perceptions secondary to stimulation per se. The stimulation limit in 

the active arm was set at 0.1 to 0.2mAmp below the sensitive threshold. If we 

immediately initiated the stimulation, we would add another unnecessary variable 

to the threshold definition, i.e., the healing process. This time interval also 

provided an opportunity to account for the placebo effect related to the surgical 

implant itself. The impact of surgery was considered when calculating baseline 

composite scores, considering the scores measured at 2-weeks from surgery for 

HDRS-17, BDI-SR, IDS30-SR, and UKU side effects.  

Active stimulation was set at 120 Hz, 250 milliseconds; the amplitude was 

adjusted to paresthesia’s sensation at every visit (range: 0.25-0.7 Volts), cycling 

mode every 30/45 seconds. Once the participant reported the feeling of 

paresthesia in the forehead, the amplitude was registered and increased 0.2-0.4 

V to confirm paresthesia sensation. Then, amplitude was pushed back to the 

threshold and reconfirmed. Next, amplitude was decreased by 0.1 to 0.2V and 

left on for the active stimulation group. Discharge occurred only when subjects 

confirmed that no paresthesia sensation was present. For those randomized to 
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sham stimulation, the stimulation remained on for a minute at the sensitive 

threshold amplitude, decreased to subthreshold in the same process applied for 

active stimulation patients, and turned off before discharge. 

The medial contacts set as cathodes (4 to 6 contacts) and the most lateral 

ones as anodes. Some contacts showed high impedance, and we excluded them 

from the stimulation during the visits to spare battery life. 

Data on the magnitude and duration of the placebo effect in depressive 

patients submitted to an invasive intervention is poorly documented in the 

literature. This design accounted for a detailed evaluation of placebo response in 

terms of magnitude, duration, and proportion of patients affected by the placebo 

response. The group under sham stimulation from wk2 to wk14 not necessarily 

started active sTNS at the date of crossover. They were kept under sham 

stimulation until the HDRS-17 scores equaled or worsened baseline one (one-

way crossover) (Figure 1).  

At the beginning of the open-label phase (wk27), all participants would 

receive active stimulation until the completion of the study. 

 

 

4.14.1 Blinding and Follow-up 

 

The psychiatrist, neurosurgeon, and psychologist involved with routine 

protocol visits remained blind to the patient’s stimulation assignment. The 

electrophysiologist was the unique researcher unblinded to stimulation status and 

conducted all the stimulation sessions during the randomized period ranging from 

wk2 to wk26 (Table 1). She accessed the randomization assignment at wk2 visit 

using the computer software available at the IEP-Hcor. 

All subjects had the stimulation turned on until paresthesia was experienced 

in the forehead allowing for the definition of the tolerability threshold and assuring 

the masking at all office visits. The device was usually left 0.2V lower than the 

sensory threshold. Under this condition, paresthesia subsides within one minute. 

The stimulation amplitude at the discharge of patients under active sTNS was at 

the subthreshold sensitive level. Controls (randomized to sham stimulation) were 

turned off after 1 min, receiving no stimulation at all. 
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During the upcoming visits during the randomized phase, controls were 

turned on for 1 minute. Those under active stimulation had the sensitive threshold 

measured to feel paresthesia at the forehead and then lowered to subthreshold 

amplitude. Therefore, at each visit, all participants experienced transient 

paresthesia at the forehead assuring the protocol masking. We did not address 

blinding perception by the participants with specific questions about stimulation’s 

assignment group impression.  

One of the strengths of the sTNS is that all received the device 

simultaneously, all experienced adverse events related to the surgical procedure 

at the same time, active electrical stimulation was maintained at subthreshold 

range and the stimulation was not dependent upon the patient’s collaboration. In 

addition, the study did not use non-rechargeable pulse generators. Electrical 

stimulation was turned on or off solely by the research personnel during the visits.  

The electrophysiologist would access the HDRS-17 scores at each visit 

during the second half of the randomized period for the participants randomized 

to sham stimulation during the initial 12 weeks of the randomized period. The 

electrophysiologist checked whether the participant was under placebo effect or 

had returned to baseline condition to get the stimulation shifted to active status. 

Participants were oriented to discuss issues regarding device and stimulation 

only with the electrophysiologist and the neurosurgeon, who were in charge to fill 

up the side effects forms during the visits. It also avoided any information 

regarding device experience shared during the randomization phase with the 

psychiatrist and the psychologist applying and collecting data through the 

questionnaires. 

All visits consisted of psychiatric evaluation, psychiatric scales assessments 

(HDRS-17, BDI-SR, IDS30-SR, UKU side effects), electrical stimulation 

adjustments, medications’ adhesion form and vital signs measures. The involved 

personnel were the psychiatrist, the neurosurgeon, the electrophysiologist, the 

psychologist, and the research coordinator. Moreover, participants completed 

questionnaires evaluating quality of life (SF-36 and Q-LES-Q) at wk-2, 14, 26 and 

50. Routine assessment of the patients did not include a specific hypomania 

scale. Longitudinal follow-up by the psychiatrist during the bimonthly visits 

assured timely diagnosis and treatment of hypomanic episodes. Neurosurgical 
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visits occurred pre/perioperatively (wk-2, wk-1, wk0) and at weeks 2, 14, 26 and 

50. Table 1 summarizes the assessments per visit (Gorgulho et al., 2019). 

The raw data collected on patients’ research file and inputted into the 

institutional electronic database developed by the IEP-HCor was double checked 

prior to statistical analysis. 

An interim efficacy analysis was planned at the end of the randomized 

period should the placebo effect last for so long. The second half of the trial (open-

label, wk26-50) consisted of active stimulation for all participants. Visits were 

biweekly during the 24 weeks of randomized stimulation and monthly during the 

open-label phase (Table 1). 

 

 

4.14.2 Statistical Analysis 

 

For this feasibility study, there were 20 participants enrolled. The study has 

80% power for a two-sided Mann-Whitney test to detect an effect in a mean 

difference of 1.33 times the score's standard deviation, using a 5% significance 

level. Although a 3-point difference in HDRS-17 is considered clinically significant 

(Brunoni et al., 2017), this sample size used a cut-off of approximately 4.78 points 

difference on HDRS-17 scores between groups. The criteria had to be more 

stringent since it involved an invasive procedure. The size effect of eTNS trials 

was around 5.5 points on HDRS-17 scores (Shiozawa et al., 2015; Shiozawa et 

al., 2017). 

All analyses were done following the intention-to-treat principle and included 

all randomized patients. The primary outcome, the difference in HDRS-17 at 

week 14, was evaluated by mixed linear regression assuming random intercept 

a group-by-time interaction term. Results presented as the adjusted mean 

difference with 95% confidence intervals. HDRS-17 analysis at weeks 26 and 50 

were secondary outcomes. HDRS-17 category response defined as remitters 

(HDRS-17 ≤ 7), complete responders (≥ 50% HDRS-17 score decrease), partial 

responders (≥ 20% & <50% HDRS-17 decrease), and non-responder (case 

contrary) were presented at weeks 14, 26 and 50, and compared with Fisher's 

exact test. 
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All other continuous secondary outcomes (BDI-SR, IDS30-SR, UKU, SF-

36, and Q-LES-Q domains) were evaluated by linear mixed models with random 

intercept and compared at weeks 14, 26, and 50. 

We considered data imputation for the primary outcome by carrying forward 

the previous immediate observation, which occurred in one patient that attended 

the previous visit. For other outcome measures, numbers were calculated 

according to the available data at each visit, with final numbers adjusted 

accordingly. All hypothesis tests considered a 5% significance level, with no 

multiple test adjustment carried out. Analysis was conducted in R 4.0.2 (R Core 

Team, 2021) 

 

 

4.15 Funding 

 

The Institutional Development of the Unified Health System (PROADI) 

program from the Brazilian Ministry of Health through the Hospital do Coração 

(Hcor) provided the funds for this clinical trial. 

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 RESULTS 



5 Results  63 

 

5 RESULTS 

 

 

5.1 Characteristics of the Sample 

 

Of 47 patients screened, 20 were enrolled and implanted with bilateral 

trigeminal nerve stimulators at the V1 branch. Participants were randomized to 

active vs. sham sTNS stimulation (Figure 1). 

Refer to Table 2 for reasons of exclusion. 

 

Table 2 - Detailed information about eligibility outcome on the screened subjects 

Screening and Eligibility 
47 Participants interested on the study 

15 Failed to complete Mind Screen 

2 Failed to show up for interview 

8 Excluded by interview 

2 Declined after confirmed eligibility 

20 Enrolled 

 

The recruitment and enrollment flow are detailed below in Figure 10. Briefly, 

out of 47 patients screened, there were 27 subjects excluded due to lack of 

diagnosis confirmation, lack of adherence to triage protocol, or loss of interest 

during the triage process. 
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Figure 10 - Consort flow chart of the patients enrolled in the trial of subcutaneous 
trigeminal stimulation for treatment-resistant depression 
 

 

5.1.1 Sociodemographic Characteristics 

 

Mean age was 50.4 ± 7.2y, 16/20 (80%) were women with 7/10 (70%) in the 

active stimulation group and 9/10 (90%) in the sham group. 14 out of 20 (70%) 

were Caucasians, 14/20 (70%) were married, with 6/10 (60%) in the active and 

8/10 (80%) in the sham group. Only five out 20 (25%) participants harbored full 

employment, with 3/10 (30%) in the active and 2/10 (20%) in the sham stimulation 

group. Four (20%) participants were casual free-lancers, accounting for 2 in each 

treatment arm. Attainment of college/university education level was present in 18 

out of 20 (90%), without distinction between groups. Low employment and 
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employment at a lower level compared to the background education is worthy to 

notice and likely consequential to chronic MDD (Table 3). 

Positive family history for depression and other psychiatric diseases were 

observed, respectively, in 11/20 (55%) and 7/20 (35%) of the entire cohort.  Six 

out of 10 (60%) presented a positive history of depression in the active stimulation 

group vs. 5/10 (50%) in the sham stimulation arm. One first-degree relative for 

each treatment group committed suicide.  

Demographic characteristics are described in detail in Table 3 and were not 

different between groups, by exception of age (46.8 ± 7.1 and 54 ± 5.3 for active 

vs. sham sTNS, respectively) and age at first depression episode (35.8 ± 11.51 

for active and 23.1 ± 10.69 for sham stimulation group). 

 

Table 3 - Demographic characteristics of the study population per group and for 
the entire cohort in absolute number (n), percentages, mean, standard 
deviation (SD) and range 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

Age (mean±SD/range) 46.8±7.1 (35-57) 54±5.3 (47-63) 50.4±7.2 (35-63) 

Age at 1st Depressive 
Episode (mean±SD/range) 35.8±11.51 (14-53) 23.1±10.69 (13-45) 29.45±12(13-53) 

Female Gender, n (%) 7 (70%) 9 (90%) 16 (80%) 

Ethnicity, n (%)    

White 7 (70%) 7 (70%) 14 (70%) 

Brown ** 3 (30%) 3 (30%) 6 (30%) 

Educational Level, n (%)    

High School 1 (10%) 1 (10%) 2 (10%) 

College 3 (30%) 5 (50%) 8 (40%) 

University 6 (60%) 4 (40%) 10 (50%) 

Working Status, n (%)    

Full employment 3 (30%) 2 (20%) 5 (25%) 

Casual employment^ 2 (20%) 2 (20%) 4 (20%) 

Unemployed 5 (50%) 6 (60%) 11 (55%) 

Marital Status, n (%)    

Single 2 (20%) 0 2 (10%) 

Married 6 (60%) 8 (80%) 14 (70%) 

Divorced 1 (10%) 2 (20%) 3 (15%) 

Widowed 1 (10%) 0 1 (5%) 
continue 
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continuation 
Table 3 Demographic characteristics of the study population per group and for 

the entire cohort in absolute number (n), percentages, mean, standard 
deviation (SD) and range 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

Current Medication in Use  
(n; daily dose range) 

   

Sertraline 1; 75mg/d 1; 100mg/d 2; 75-100mg/d 

Venlafaxine 4; 75-225mg/d 2; 75-225mg/d 6; 75-225mg/d 

Desvenlafaxine 0 1; 100mg/d 1; 100mg/d 

Escitalopram 1; 20mg/d 2; 10-20mg/d 3; 10-20mg/d 

Fluoxetine 1; 40mg/d 0 1; 40mg/d 

Bupropion 2; 150mg/d 0 2; 150mg/d 

Trazodone 2; 50mg/d 2; 150mg/d 4; 50-150mg/d 

Duloxetine 1; 60mg/d 2; 30-60mg/d 3; 30-60mg/d 

Tianeptine 1; 12.5 mg/d 0 1; 12.5mg/d 

Agomelatine 0 1; 25mg/d 1; 25mg/d 

Antidepressants Intake at Enrollment   

1, n (%) 6 (50%) 7 (70%) 13 (65%) 

2, n (%) 3 (30%) 2 (20%) 5 (25%) 

3, n (%) 1 (10%) 1 (10%) 2 (10%) 

Benzodiazepine Intake    

Yes, n (%) 5 (50%) 5 (50%) 10 (50%) 

Clonazepam (n; daily dose) 4; 2mg 5; 2mg 9; 2mg 

Alprazolam (n; daily dose) 1; 0.25mg 0 1; 0.25mg 

Time since 1st 
Depression Episode 
Years  
(mean±SD, range) 

11±5.79 
(4-24) 

25.2±10.79 
(10-40) 

19.05±12.05 
(4-40) 

Current episode length, n (%)   

4-6 months 1 (10%) 1 (10%) 2 (10%) 

1 y to < 2 y 4 (40%) 1 (10%) 5 (25%) 

> 2 y (up to 5y) 5 (50%) 8 (80%) 13 (65%) 

Nb Prior Depressive episodes   

1, n (%) 1 (10%) 0 1 (5%) 

3, n (%) 1 (10%) 1 (10%) 2 (20%) 

4, n (%) 2 (20%) 3 (30%) 5 (25%) 

5, n (%) 2 (20%) 1 (10%) 3 (15%) 

7, n (%) 1 (10%) 0 1 (10%) 

Uncountable, n (%) 3 (30%) 5 (50%) 8 (40%) 
continue 
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continuation 
Table 3 Demographic characteristics of the study population per group and for 

the entire cohort in absolute number (n), percentages, mean, standard 
deviation (SD) and range 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

Depression Features    

Melancholic, n (%) 4 (40%) 4 (40%) 8 (40%) 

Anxiety, n (%) 2 (20%) 5 (50%) 7 (35%) 

Mixed, n (%) 1 (10%) 2 (20%) 3 (15%) 

Treatment History    

Number of failed Medication trials   

3, n (%) 5 (50%) 7 (70%) 12 (60%) 

4, n (%) 2 (20%) 2 (20%) 4 (20%) 

5, n (%) 2 (20%) 1 (10%) 3 (15%) 

6, n (%) 1 (10%) 0 1 (5%) 

List of failed medications (n)  

Escitalopram (n=7) Escitalopram (n=6) Escitalopram (n=13) 

Citalopram (n=1) Citalopram (n=2) Citalopram (n=3) 

Sertraline (n=8) Sertraline (n=8) Sertraline (n=16) 

Venlafaxine (n=4) Venlafaxine (n=2) Venlafaxine (n=6) 

Desvenlafaxine (n=1) Desvenlafaxine (n=2) Desvenlafaxine 
(n=3) 

Amitriptyline (n=6) Amitriptyline (n=5) Amitriptyline (n=11) 

Fluoxetine (n=4) Fluoxetine (n=3) Fluoxetine (n=7) 

Paroxetine (n=2) Paroxetine (n=1) Paroxetine (n=3) 

Bupropion (n=0) Bupropion (n=1) Bupropion (n=1) 

Mirtazapine (n=0) Mirtazapine (n=1) Mirtazapine (n=1) 

Clonazepam (n=2) Clonazepam (n=1) Clonazepam (n=3) 

Bromazepam (n=1) Bromazepam (n=0) Bromazepam (n=1) 

Alprazolam (n=3) Alprazolam (n=2) Alprazolam (n=5) 

Psychotherapy (n, %) 4 (40%) 4 (40%) 8 (40%) 

ECT (n) 0 0 0 

TMS (n) 0 0 0 

Family History of 
Psychiatric Disorder, n (%) 

   

Positive for Depression 6 (60%) 5 (50%) 11 (55%) 

Positive for other 
psychiatric diagnosis 3 (30%) 4 (40%) 7 (35%) 

Suicide in first degree 
relative 1 (10%) 1 (10%) 2 (10%) 

continue 
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continuation 
Table 3 Demographic characteristics of the study population per group and for 

the entire cohort in absolute number (n), percentages, mean, standard 
deviation (SD) and range 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

Comorbidity, n (%)    

Migraine 4 (40%) 2 (20%) 6 (30%) 

Fibromyalgia 1 (10%) 3 (30%) 4 (20%) 

Arterial Hypertension 1 (10%) 4 (40%) 5 (25%) 

Dyslipidemia 1 (10%) 6 (60%) 7 (35%) 

Habits, n (%)    

Positive Smoking History 5 (50%) 2 (20%) 7 (35%) 

Current Smoking Habit 2 (20%) 2 (20%) 4 (20%) 

Social Alcohol intake 5 (50%) 6 (60%) 11 (55%) 

Alcoholism 0 0 0 

History illicit drugs use  0 1 (10%) 1 (5%) 

Suicide Attempt or Ideation 0 0 0 

Scores at Enrollment (wk-2)    

HDRS-17 
(mean±SD/range) 22.3±4 (14-28) 20.4±2.91 (16-26) 21.35±3.6 (14-28) 

BDI-SR (mean±SD/range) 32.9±10.9 (18-53) 34.1±8.6 (17-47) 33.5±9.6 (17-53) 

IDS-SR30 
(mean±SD/range) 45.8±11.9 (25-63) 45.3±13.2 (16-67) 45.55±12.2 (16-67) 

UKU Side Effect 
(mean±SD) 15.2±7.1 (6-27) 16.9±6.7 (12-33) 16.1±6.8 (6-33) 

Q-LES-Q (mean±SD) 47.1±13.28 (22-63) 42.2±6.49 (29-50) 44.6±10.48 (22-63) 

SF36 - Physical functioning 
(mean±SD) 61.5±26.3 56±28.2 58.8±26.6 

SF36 - Physical role 
limitation (mean±SD) 25 ± 33.3 39.5 ± 39.1 32.2±36.1 

SF36 - Bodily Pain 
(mean±SD) 51.3±31 36.6±24.8 44±28.3 

SF36 - General Health 
perception (mean±SD) 52.6±28.3 44.5±22.4 48.5±25.2 

SF36 - Energy/Vitality 
(mean±SD) 28±17.4 17.2±14.6 22.6±16.5 

SF36 - Social functioning 
(mean±SD) 23.7±18.9 32.5±27.2 28.1±23.3 

SF36 - Emotional role 
limitations (mean±SD) 19.9±27.9 29.8±28.1 24.8±27.7 

SF36 - Mental Health 
(mean±SD) 28.8±14.2 24.8±18.3 26.8±16.1 

continue 
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conclusion 
Table 3 Demographic characteristics of the study population per group and for 

the entire cohort in absolute number (n), percentages, mean, standard 
deviation (SD) and range 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

Scores at Randomization Day (wk2)   

HDRS-17 
(mean±SD/range) 20.33±3.39 (16-26) 19.88±3.02 (15-24) 20.11±3.12 (15-26) 

BDI-SR (mean±SD/range) 28.4±10.4 (17-57) 27.6±11.7 (12-43) 28±10.7(12-57) 

IDS-SR30 
(mean±SD/range) 39.3±10.6 (28-53) 40.5±12.5 (29-73) 39.9±11.3 (28-73) 

UKU Side Effects 
(mean±SD/range) 15.11±4.7 (7-28) 14.56±6.67 (10-22) 14.83±5.61 (7-28) 

Composite Baseline Scores    

HDRS-17 
(mean±SD/range) 21.4±2.89 (15-25) 19.95±2.13(16-22) 20.68±2.58 (15-25) 

BDI-SR (mean±SD/range) 32.7±10.98 (18-55) 31.7±8.38 (17-44.5) 32.2±9.52 (17-55) 

IDS-SR30 
(mean±SD/range) 45.35±10.81 (26.5-62.5) 44.85±11.51 (26.5-70) 45.1±10.87 (26.5-70) 

UKU Side Effects 
(mean±SD/range) 14.65±4.68 (6.5-20.5) 15.95±4.30 (11-22.5) 15.3±4.43 (6.5-22.5) 

Baseline Vitals (mean±SD)   

Weight  72±12.1 73.2±18 72.6±14.9 

Height 160.1±7.4 166.6±7.1 163.3±7.8 

Systolic Blood Pressure 123.9±20.7 126.7±8.1 125.3±15.4 

Diastolic Blood Pressure 80.6±13.5 80.5±8.3 80.5±10.9 

Cardiac Rate 80.1±11.4 87±13.6 83.5±12.7 
sTNS: subcutaneous trigeminal stimulation 
SD: standard deviation 
n, (%): number of subjects and percentage 
** varied miscegenation of Caucasians and Africans 
^ defined as eventual free-lancer services, without regularity 
ECT: electroconvulsive therapy 
TMS: transcranial magnetic stimulation 
Nb: number 
Wk: week of the study timeline 
HDRS-17: 17 item Hamilton Depression Scale 
BDI-SR: Beck Depression Inventory: self-rated 
IDS30-SR: Inventory Depressive Symptomatology Self Rated 30 items 
SF-36: Short form-36 quality of life 
Q-LES-Q: Quality of life enjoyment and satisfaction questionnaire 
UKU: Udvalg for kliniske undersøgelser side effects scale 
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5.1.2 Clinical Characteristics 

 

The current depression episode lasted from 4 months to 5 years, with over 

two years duration of the current episode in 5/10 (50%) participants in the active 

sTNS and 8/10 (80%) in the sham group. Melancholic features were present in 4 

(40%) subjects for each group. Prior failure of antidepressants trials comprised 

three failures in 12/20 (60%) subjects, four in 4 (20%), five in 3 (15%), and 6 in 1 

(5%) for the entire cohort, without differences between active vs. sham 

stimulation groups. The number of prior depressive episodes was uncountable in 

8/20 (40%) for the entire cohort, distributed as 3/10 in the active stimulation and 

5/10 in the sham group. The number of prior depression episodes ranged from 3 

to 7 in additional 11 (55%) participants with 6/10 (60%) and 5/10 (50%) in the 

active and sham groups, respectively. Eight out of 20 (40%) attempted 

psychotherapy, with 4/10 (40%) in each group. None received prior 

electroconvulsive therapy (ECT) nor transcranial magnetic stimulation (TMS). 

Four (40%) patients in the sham group and three (30%) in the active sTNS 

group required ≥ 2 antidepressants at enrollment time. Also, half of the 

participants in each arm used benzodiazepines.  

Clinical characteristics are described in Table 3, and the only feature that 

was different between groups was time since the initial depression episode, which 

was longer for the sham group (11 ± 5.79 years vs. 25.2 ± 10.79 for active vs. 

sham sTNS). Nonetheless, both groups fulfilled the criteria for long-lasting 

depression history. In addition, baseline HDRS-17, BDI-SR, IDS30-SR, Q-LES-

Q, SF 36 scores did not differ between groups (Table 3).  

All participants received the intended treatment according to randomization 

allocation. No protocol deviations or drop-outs occurred during the trial. 
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5.2 Efficacy of Stimulation 

 

5.2.1 Primary Outcome 

 

After 12 weeks of double-blind, randomized stimulation, HDRS-17 scores 

dropped from the composite baseline scores of 21.4 ± 2.89 and 19.95 ± 2.13 to 

10.6 ± 5.85 and 16.9 ± 5.34 for active and sham stimulation, respectively 

(p=0.019) (Graphic 1). After surgery and before stimulation, both groups 

presented a placebo effect that lasted throughout the initial weeks of the first half 

of the randomized period. The curves drift apart from the 10th week on (Graphic 

1), highlighting the importance of placebo response when performing an invasive 

intervention in depressive subjects. A percentual reduction from baseline scores 

at week 14 between groups is presented on Graphic 2. 

 



5 Results          72 

 

Graphic 1 Mean 17 item - Hamilton Depression rating scores for both groups during the study. The panels mark the study phases 

to facilitate the interpretation, and the curve is continuous 

 
Legend: The HDRS-17 curve is continuous and has been divided into four panels (A-D) according to the different phases of the study design. HDRS-17 
scores range from 0-52, with higher numbers indicating more severe depression. (Williams, 1988)  The participants under active stimulation are represented 
by green dotted lines while sham, by solid red lines. Error bars correspond to the 95%CI. The last timepoint in each panel represents the beginning of the 
next study phase. Par example, patients were randomized at week2 visit. The first score reflecting the randomization assignment was obtained on week3. 
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The scores recorded between week3 to week14 reflect the first half of the randomized period. Panel A: The average of both scores were used as the 
composite baseline measure. Panel B discloses the primary outcome measure. Despite the placebo effect in both groups, mean HDRS-17 scores of sham 
group raise from week 8 on. Both curves drift apart significantly by week12 and week14. The mean-group difference of HDRS-17 scores at week14 was 6.3 
points (p value=0.019). Panel C: Patients under active sTNS continued to improve. Fifty percent (5/10) of the patients in the sham arm crossed to active 
stimulation at week14. At weeks 15 and 16, additional three patients shifted to active stimulation. Notice that, when active stimulation was delivered to 80% 
of the sham group, its curve paralleled the active group curve seen in panel B. The curves superimposition denotes the effectiveness of the stimulation. Since 
19/20 patients were under active sTNS at wk26, no difference between groups was noticed. Panel D: All subjects reportedly knew they were under active 
sTNS during the open-label period. The curves remained superimposed demonstrating the persistence of the therapeutic effect compared to baseline 
(p<0.0001). 
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Graphic 2 HDRS-17 (primary outcome measure) presented as a percentage of score reduction for active and sham stimulation 

groups at week 14 

 
Legend: The percentual decrease on HDRS-17 scores in both groups at wk14. The group under active sTNS demonstrated a score decrease of 50%, while 
the sham sTNS (off stimulation) group showed a drop of 18% in the same period. 
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The least-square mean difference of HDRS-17 between groups was 6.3 

points (95% confidence interval: -11.11 to -1.5) (Table 4). Thus, there were three 

remitters, four complete-responders, one partial-responder, and two non-

responders in the group receiving active sTNS at wk14. In the sham group, there 

was one remitter, four partial-responders, and five non-responders (p-value = 

0.056) (Graphic 3). 

 

Table 4 - Outcome measures of HDRS-17, BDI-SR, IDS30-SR, UKU, SF-36 
and Q-LES-Q (mean ± SD, 95% CI) and HDRS-17 categorical 
(number and percentage) by stimulation group at baseline, week 14, 
week 26 and week 50 

Psychiatric Scale Scores Active sTNS Sham sTNS 95% CI p value 

HDRS-17     

baseline** (mean±SD) 21.4 ± 2.89 19.95 ± 2.13 - - 

wk14 (mean±SD) 10.6 ± 5.85 16.9 ± 5.34 -6.3 (-11.1; -1.5) 0.019✧ 

Remission, n (%) 3 (30%) 1 (10%)  0.056✢ 

Complete Responder, n (%) 4 (40%) 0   

Partial Responder, n (%) 1 (10%) 4 (40%)   

Non-Responder, n (%) 2 (20%) 5 (50%)   

wk26 (mean±SD) 8.3 ± 4.08 8.7 ± 5.4 -0.4 (-5.2; 4.4) 0.872✧ 

Remission, n (%) 4 (40%) 3 (30%)  1✢ 

Complete Responder, n (%) 3 (30%) 2 (20%)   

Partial Responder, n (%) 3 (30%) 4 (40%)   

Non-Responder, n (%) 0 1 (10%)   

wk50 (mean±SD) 6.2 ± 7.83 9.33 ± 5.63 -3.7 (-8.6; 1.2) 0.16✧ 

Remission, n (%) 7 (70%) 4 (40%)  0.61✢ 

Complete Responder, n (%) 1 (10%) 1 (10%)   

Partial Responder, n (%) 1 (10%) 3 (30%)   

Non-Responder, n (%) 1 (10%) 2 (20%)   

BDI-SR (mean±SD)     

baseline** 32.7 ± 10.98 31.7 ± 8.38 - - 

wk14 18.3 ± 7.51 18 ± 14.01 0.3 (-9.5; 10.1) 0.953✧ 

wk26 17.9 ± 3.96 10.9 ± 12.58 7 (-2.8; 16.8) 0.179✧ 

wk50 10.6 ± 5.74 16.22 ± 12.94 -6.7 (-16.6; 3.2) 0.202✧ 

IDS30-SR (mean±SD)     

baseline** 45.35 ± 10.81 44.85 ± 11.51 - - 

wk14 26.35 ± 10.48 26.7 ± 13.66 -0.3 (-12.3; 11.6) 0.955✧ 

wk26 24.7 ± 9.67 20.9 ± 16.75 3.8 (-8.2; 15.8) 0.542✧ 

wk50 15.2 ± 9.34 22.89 ± 15.57 -9.5 (-21.7; 2.6) 0.14✧ 

continue 
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continuation 
Table 4 - Outcome measures of HDRS-17, BDI-SR, IDS30-SR, UKU, SF-36 

and Q-LES-Q (mean ± SD, 95% CI) and HDRS-17 categorical 
(number and percentage) by stimulation group at baseline, week 14, 
week 26 and week 50 

Psychiatric Scale Scores Active sTNS Sham sTNS 95% CI p value 
UKU Side Effects 
(mean±SD) 

    

baseline** 14.65 ± 4.68 15.95 ± 4.30 - - 

wk14 8.55 ± 4.63 10.8 ± 4.42 -2.2 (-7.1; 2.6) 0.375✧ 

wk26 11 ± 7.72 10.9 ± 9.92 0.1 (-4.8; 5) 0.968✧ 

wk50 7.1 ± 5.59 9 ± 6.61 -2.3 (-7.2; 2.7) 0.381✧ 

SF 36 (mean±SD)     

Physical functioning     

baseline* 61.5 ± 26.3 56 ± 28.2 - - 

wk14 73.89 ± 17.28 65.5 ± 26.82 6.8 (-15.4; 28.9) 0.557✧ 

wk26 71 ± 19.97 74 ± 25.8 -3 (-24.8; 18.8) 0.79✧ 

wk50 76 ± 27.16 71.11 ± 21.91 8.5 (-13.7; 30.7) 0.462✧ 

Physical role functioning     

baseline* 25 ± 33.3 39.5 ± 39.1 - - 

wk14 58.56 ± 32.04 62.5 ± 41.25 -6.1 (-38.2; 26) 0.715✧ 

wk26 50.5 ± 32.44 73 ± 32.42 -22.5 (-53.8; 8.8) 0.176✧ 

wk50 63.5 ± 37.49 61.11 ± 35.6 4.5 (-27.6; 36.6) 0.785✧ 

Bodily Pain     

baseline* 51.3 ± 31 36.6 ± 24.8 - - 

wk14 67.22 ± 22.86 54.7 ± 22.67 9.4 (-13.9; 32.8) 0.439✧ 

wk26 66.16 ± 25.15 69.3 ± 20.55 -3.1 (-26.2; 19.9) 0.792✧ 

wk50 68.4 ± 32.45 50.11 ± 27.03 20.2 (-3.2; 43.6) 0.107✧ 

General health perception     

baseline* 52.6 ± 28.3 44.5 ± 22.4 - - 

wk14 66.96 ± 24.34 60.8 ± 15.4 4.2 (-14.6; 23) 0.669✧ 

wk26 67 ± 16.85 67.2 ± 17.69 -0.2 (-18.6; 18.2) 0.983✧ 

wk50 74.3 ± 22.65 61.22 ± 16.33 13.4 (-5.4; 32.2) 0.18✧ 

Vitality     

baseline* 28 ± 17.4 17.2 ± 14.6 - - 

wk14 53.67 ± 15.18 37.6 ± 21.46 14.1 (-2.7; 30.8) 0.118✧ 

wk26 49.4 ± 18.21 53.06 ± 20.76 -3.7 (-20.1; 12.8) 0.668✧ 

wk50 59.7 ± 18.82 47.22 ± 21.67 12.5 (-4.3; 29.3) 0.161✧ 

Social role functioning     

baseline* 23.7 ± 18.9 32.5 ± 27.2 - - 

wk14 59.06 ± 24.43 49.15 ± 21.67 6.8 (-16.2; 29.9) 0.567✧ 

continue 



5 Results  77 

 

conclusion 
Table 4 - Outcome measures of HDRS-17, BDI-SR, IDS30-SR, UKU, SF-36 

and Q-LES-Q (mean ± SD, 95% CI) and HDRS-17 categorical 
(number and percentage) by stimulation group at baseline, week 14, 
week 26 and week 50 

Psychiatric Scale Scores Active sTNS Sham sTNS 95% CI p value 

wk26 60.76 ± 21.98 68.2 ± 23.69 -7.4 (-30; 15.2) 0.527✧ 

wk50 66.66 ± 30.62 58.33 ± 34.23 9.1 (-13.9; 32.1) 0.447✧ 

Emotional role functioning     

baseline* 19.9 ± 27.9 29.8 ± 28.1 - - 

wk14 28.8 ± 14.2 24.8 ± 18.3 -2.7 (-31.9; 26.6) 0.861✧ 

wk26 56.92 ± 33.97 64.51 ± 25.2 -7.6 (-36.2; 21) 0.609✧ 

wk50 69.97 ± 29.2 44.43 ± 47.14 26.6 (-2.7; 55.9) 0.092✧ 

Mental health     

baseline* 28.8 ± 14.2 24.8 ± 18.3 - - 

wk14 57 ± 22.76 48.6 ± 18.11 7.6 (-9; 24.3) 0.38✧ 

wk26 56.5 ± 17.38 67.4 ± 16.17 -10.9 (-27.2; 5.4) 0.205✧ 

wk50 65.6 ± 16.67 56 ± 24.17 9.7 (-6.9; 26.3) 0.267✧ 

Q-LES-Q (mean±SD)     

baseline* 47.1 ± 13.28 42.2 ± 6.49 - - 

wk14 63.93 ± 15.08 56.46 ± 12.67 -5.4 (-18.5; 7.7) 0.43✧ 

wk26 66.21 ± 12.45 66.81 ± 16.77 0.6 (-12.3; 13.5) 0.928✧ 

wk50 73.76 ± 19.76 64.64 ± 16.26 -9.4 (-22.5; 3.7) 0.177✧ 

sTNS: subcutaneous trigeminal stimulation 
SD: standard deviation 
n (%): absolute number of patients and percentage 
** Mean of scores acquired at enrollment (week -2) and randomization (week 2) visits 
* Score obtained at enrollment visit (week -2) 
Outcome measures per group compared as linear scores 
✧ Ancova test 
✢ Fisher exact test 
HDRS-17: 17 item Hamilton Depression Scale 
Remission: HDRS-17 ≤7 points 
Complete responders: ≥50% HDRS-17 score decrease 
Partial responders: ≥20% & <50% HDRS-17 decrease 
BDI-SR: Beck Depression Inventory self-rated 
IDS30-SR: Inventory Depressive Symptomatology Self Rated 30 items 
UKU: Udvalg for kliniske undersøgelser side effects scale 
Q-LES-Q: Quality of life enjoyment and satisfaction questionnaire  
SF-36: Short form-36 quality of life 
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5.2.2 Secondary Outcomes 
 

5.2.2.1 Specific Aim 2 

 

HDRS-17 scores were significantly better at wk26 and wk50 of sTNS than 

baseline for the entire cohort (p < 0.0001). No statistical difference was    

observed between treatment arms on HDRS-17 compared at the end of the 

randomized (wk26) (8.3 ± 4.08 and 8.7 ± 5.4, p = 0.872) and open-label periods 

(wk50) (6.2 ± 7.83 and 9.33 ± 5.63, p = 0.16) (Graphic 1 panel C/D and Table 4). 

The group under active stimulation sustained HDRS-17 scores throughout the 

following weeks and improved even further from wk22 to 26. The group crossing 

to active stimulation once HDRS-17 equaled baseline presented a shift in the 

slope of the curve by wk22, mimicking the curve of the active stimulation group 

during the first half of the randomized period (Graphic 1). These findings suggest 

that stimulation length was enough to uniformize the effect between groups. 

 

 

5.2.2.2 Specific Aim 3 

 

At wk14, there were three remitters, four complete-responders, one partial-

responder, and two non-responders at wk14. In the sham group, there was one 

remitter, four partial-responders, and five non-responders (p-value = 0.056). 

 

• At wk26, there were 7/20 (35%) remitters, 5 (25%) complete responders, 

7 (35%) partial responders and 1 (5%) non-responder. In the active sTNS 

arm, two remitters became complete and partial responders at wk26, and 

we considered them relapse. Depression at relapse was less severe than 

baseline, even for the partial responder (Graphic 3). 

 

The length of the study demonstrates stability and duration of sTNS clinical 

effect throughout one year. At wk50, there were 11/20 (55%) remitters, 2 (10%) 

complete responders, 4 (20%) partial responders and 3 (15%) non-responders 

(Graphic 3). 
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Regarding relapse, two patients shifted from complete responders to non-

responders (one from each group), and an additional patient dropped from 

complete responder to partial (from active sTNS arm). 
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Graphic 3 Bar graphic disclosing HDRS-17 results as a categorical variable (remitters, complete responders, partial responders 

and non-responders) per treatment group assignment at week14, week 26 and at week 50 

 
Legend: Bar graph showing the categorical distribution of HDRS-17 at wk14, wk26, and wk50. The categories followed the definitions: remission (HDRS-17 
≤ 7), complete responders (≥ 50% HDRS-17 score decrease), partial responders (≥ 20% & < 50% HDRS-17 decrease), and non-responders (case contrary). 
At wk14, there were three remitters, four complete-responders, one partial-responder, and two non-responders at wk14. In the sham group, there was one 
remitter, four partial-responders, and five non-responders (p-value = 0.056). At wk26 and wk50, patients received active sTNS in both groups, with a 
consequent lack of between-group differences in scores. At wk26, there were four remitters, three complete responders, and three partial responders in the 
active group, while there were three remitters, two complete responders, and four partial responders in the sham group. At wk50, active sTNS demonstrated 
seven remitters, one complete and one partial responder, while the sham group showed four remitters, one complete and three partial responders. Overall, 
there were 55% remitters and 10% complete responders at the end of the study. 
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The cohort demonstrated further improvement on depression severity along with the open-label phase in all depression 

severity scales, rated by the physician and self-rated (Graphic 4). 

 

Graphic 4 Mean percentage percentual decrease of scores and 95% CI throughout the study for the entire cohort according to 

HDRS-17, BDI-SR and IDS30-SR scales 
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Legend: The longitudinal percentual decrease in HDRS-17 (range 0-52, higher scores indicating more severe depression) (Williams, 1988), BDI-SR (range 
0-63, higher numbers indicating more severe depression) (Beck et al., 1961) and IDS-SR30 (range 0-84, higher numbers representing more severe 
depression) (Rush et al., 1996) scores for the entire cohort. There is a rapid decrease in depression severity by the three scales even before randomization 
to electrical stimulation, demonstrating the Hawthorne effect by the fact of study participation and device implantation. The percentual drop in HDRS-17, 
evaluated by an experienced psychiatrist, is larger than the self-rated scales. It is known there is a time lapse between disease improvement and life changes 
enhancing quality of life when treating refractory psychiatric patients. At the end of the randomized period (wk26), mean cohort HDRS-17 scores dropped 
60% from the initial mean. By the end of the study (wk50), the improvement was maintained. BDI-SR scores dropped 55% while IDS-30-SR dropped 45% 
from baseline at wk26 and maintained until wk50. Thus, the stability of response to active sTNS throughout the study is encouraging. Nevertheless, caution 
is commendable since the relapse risk of TRD fulfilling eligibility criteria for the trial is high and may occur beyond the follow-up period. 
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5.2.2.3 Specific Aim 4 and 5 

 

BDI-SR and IDS-30SR were not significantly different between groups at 

wk14 of randomized stimulation (p=0.953 and 0.955, respectively) (Graphic 5 and 

6) BDI-SR and IDS-30SR scores at wk14, 26, and 50 were significantly better 

when compared to composite baseline (p<0.0001, each) (Tables 4 and 5). 
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Graphic 5 Mean BDI-SR scores and 95% CI of active vs. sham electrical stimulation groups throughout the study, controlling for 

baseline scores. The continuous variable is presented in 4 blocks to facilitate the understanding of mean scores 

fluctuation during the phases of the study. Baseline scores were a composite of mean scores at wk-2 (at enrollment) 

and wk 2(postoperatively, at randomization day) and are displayed individually on panel A. Panel B corresponds to the 

first period of randomized period (week 2 to 14). Panel C corresponds to second half of randomized period (week 15 

to 26). Panel D corresponds to open-label period (week 27 to 50). 

 
Legend: BDI-SR scores averaged for composite baseline calculation is shown on the left smaller panel, disclosing depression severity improvement after 
surgery and prior to subcutaneous trigeminal electrical stimulation. During the randomized stimulation, both groups showed a further drop, without a 
noticeable group difference. Sham patients improved faster in comparison to those under active sTNS during wk3 to wk14. This finding suggests that masking 
was robust. The decrease in depression severity oscillated throughout the study as observed on self-assessments of TRD patients but always remained 
lower compared to baseline. 
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Graphic 6 Mean IDS30-SR scores and 95% CI of active vs. sham electrical stimulation groups throughout the study, controlling 

for baseline scores. The continuous variable is presented in 4 blocks to facilitate the understanding of mean scores 

fluctuation during the phases of the study. Panel A represents the composite baseline scores at wk-2 (at enrollment) 

and wk2 (postoperatively, at randomization day). Panel B corresponds to the first period of randomized period (week 

2 to 14). Panel C corresponds to second half of randomized period (week 15 to 26). Panel D corresponds to open-

label period (week 27 to 50). 
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The IDS30-SR scores on graphic 6 showed similar findings described for 

BDI-SR, corroborating the results. Mean composite baseline scores for BDI-SR 

and IDS30-SR are classified as severe depression (33.5 and 45.55, respectively). 

Mean scores at wk14 were representative of mild depression for BDI-SR (mean 

score = 18.15) and moderate depression for IDS30-SR (mean score = 26.52) 

(Beck et al., 1961; Rush et al., 1996). 

 
Table 5 - Outcome measures of HDRS-17, BDI-SR, IDS30-SR, UKU, SF-36 

and Q-LES-Q (mean ± SD, 95% CI) and HDRS-17 categorical 
(number and percentage) for the entire cohort at baseline, week14, 
week 26 and week 50 

Outcome Measures for 
the Entire Cohort 

Scores at 
Baseline 

Scores at 
Follow-up 95% CI p✧ 

End of 1st Half of 
Randomized Period 
(wk14) 

wk-2 & wk2* 
wk-2 wk 14   

HDRS-17 * (mean±SD) 20.67 ± 3.37 13.75 ± 6.34 6.93 (4.09; 9.76) 0.0251 
Remission, n (%) - 4 (20%) - - 
Complete Responder, n 
(%) - 4 (20%) -  

Partial Responder, n (%) - 5 (25%) -  

Non-Responder, n (%) - 7 (35%) -  

BDI-SR * (mean±SD) 30.75 ± 10.44 18.15 ± 10.94 14.05 (9.97; 18.13) <.0001 
IDS-SR30 * (mean±SD) 42.72 ± 12.4 26.52 ± 11.85 18.58 (13.46; 23.69) <.0001 
UKU Side Effect * 
(mean±SD) 14.7 ± 5.18 9.68 ± 4.55 5.63 (2.79; 8.45) 0.0102 

Q-LES-Q (mean±SD) 44.64 ± 10.48 60 ± 14 -14.45 (-21.6; -7.30) 0.7964 
SF36 - Physical functioning 
(mean±SD) 58.75 ± 26.65 69.47 ± 22.6 -10.03 ( -21.2; 1.15) 0.6087 

SF36 - Physical role 
limitation (mean±SD) 32.25 ± 36.15 60.63 ± 36.21 -27.23 ( -47.0; -7.49) 0.2124 

SF36 - Bodily Pain 
(mean±SD) 43.95 ± 28.35 60.63 ± 23.03 -15.45 (-26.51; -4.39) 0.2227 

SF36 - General Health 
perception (mean±SD) 48.55 ± 25.19 63.72 ± 19.79 -14.33 (-25.1; -3.54) 0.4576 

SF36 - Energy/Vitality 
(mean±SD) 22.6 ± 16.54 45.21 ± 20.02 -21.75 (-31.2; -12.265) 0.2797 

SF36 - Social functioning 
(mean±SD) 28.1 ± 23.27 53.84 ± 22.93 -24.28 (-36.4; -12.13) 0.3952 

SF36 - Emotional role 
limitations (mean±SD) 24.82 ± 27.72 55.26 ± 32.54 -30.09 (-48.5; -11.7) 0.1628 

SF36 - Mental Health 
(mean±SD) 26.8 ± 16.06 52.58 ± 20.32 -25.45 (-35.46; -15.43) 0.1761 

continue 
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continuation 
Table 5 - Outcome measures of HDRS-17, BDI-SR, IDS30-SR, UKU, SF-36 

and Q-LES-Q (mean ± SD, 95% CI) and HDRS-17 categorical 
(number and percentage) for the entire cohort at baseline, week14, 
week 26 and week 50 

Outcome Measures for 
the Entire Cohort 

Scores at 
Baseline 

Scores at 
Follow-up 95% CI p✧ 

End of 2nd Half of 
Randomized Period 
(wk26) 

wk-2 & wk2* 
wk-2 wk 26   

HDRS-17 * (mean±SD) 20.67 ± 3.37 8.5 ± 4.66 12.17 (9.34; 15.01) <.0001 
Remission, n (%) - 7 (35%) - - 
Complete Responder, n 
(%) - 5 (25%) -  

Partial Responder, n (%) - 7 (35%) -  

Non-Responder, n (%) - 1 (5%) -  

BDI-SR *(mean±SD) 30.75 ± 10.44 14.4 ± 9.76 17.8 (13.72; 21.88) <.0001 
IDS-SR30 * (mean±SD) 42.72 ± 12.4 22.8 ± 13.45 22.3 (17.18; 27.42) <.0001 
UKU Side Effect * 
(mean±SD) 14.7 ± 5.18 10.95 ± 8.65 4.35 (1.52; 7.18) 0.083 

Q-LES-Q (mean±SD) 44.64 ± 10.48 66.51 ± 14.38 -21.87 (-28.9; -14.83) 0.0039 
SF36 - Physical functioning 
(mean±SD) 58.75 ± 26.65 72.5 ± 22.51 -13.75 (-24.8; -2.75) 0.1359 

SF36 - Physical role 
limitation (mean±SD) 32.25 ± 36.15 61.75 ± 33.61 -29.50 (-48.9; -10.06) 0.0633 

SF36 - Bodily Pain 
(mean±SD) 43.95 ± 28.35 67.73 ± 22.41 -23.78 (-34.66; -12.90) 0.0009 

SF36 - General Health 
perception (mean±SD) 48.55 ± 25.19 67.1 ± 16.81 -18.55 (-29.2; -7.92) 0.0553 

SF36 - Energy/Vitality 
(mean±SD) 22.6 ± 16.54 51.23 ± 19.1 -28.63 (-38.0; -19.29) 0.0019 

SF36 - Social functioning 
(mean±SD) 28.1 ± 23.27 64.48 ± 22.57 -36.38 (-48.3; -24.42) 0.0006 

SF36 - Emotional role 
limitations (mean±SD) 24.82 ± 27.72 60.72 ± 29.37 -35.90 (-54.1; -17.7) 0.0118 

SF36 - Mental Health 
(mean±SD) 26.8 ± 16.06 61.95 ± 17.27 -35.150 (-45.01; -25.29) 0.0001 

Open-Label Period 
(wk50) 

wk-2 & wk2* 
wk-2 wk 50   

HDRS-17 * (mean±SD) 20.67 ± 3.37 7.68 ± 6.88 12.70 (9.83; 15.58) <.0001 
Remission, n (%) - 11 (55%) - - 
Complete Responder, n 
(%) - 2 (10%) - - 

Partial Responder, n (%) - 4 (20%) - - 
Non-Responder, n (%) - 3 (15%) - - 

continue 
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conclusion 
Table 5 - Outcome measures of HDRS-17, BDI-SR, IDS30-SR, UKU, SF-36 

and Q-LES-Q (mean ± SD, 95% CI) and HDRS-17 categorical 
(number and percentage) for the entire cohort at baseline, week14, 
week 26 and week 50 

Outcome Measures for 
the Entire Cohort 

Scores at 
Baseline 

Scores at 
Follow-up 95% CI p✧ 

BDI-SR * (mean±SD) 30.75 ± 10.44 13.26 ± 9.96 18.47 (14.33; 22.61) <.0001 
IDS-SR30 * (mean±SD) 42.72 ± 12.4 18.84 ± 12.92 25.39 (20.20; 30.58) <.0001 
UKU Side Effect * 
(mean±SD) 14.7 ± 5.18 8 ± 6 7.11 (4.24; 9.98) 0.0002 

Q-LES-Q (mean±SD) 44.64 ± 10.48 69.44 ± 18.29 -24.61 (-31.8; -17.45) <.0001 
SF36 - Physical functioning 
(mean±SD) 58.75 ± 26.65 73.68 ± 24.26 -13.17 (-24.4; -1.99) 0.0473 

SF36 - Physical role 
limitation (mean±SD) 32.25 ± 36.15 62.37 ± 35.6 -29.29 (-49.0; -9.56) 0.0081 

SF36 - Bodily Pain 
(mean±SD) 43.95 ± 28.35 59.74 ± 30.65 -14.74 (-25.80; -3.68) 0.0444 

SF36 - General Health 
perception (mean±SD) 48.55 ± 25.19 68.11 ± 20.49 -19.34 (-30.1; -8.55) 0.0026 

SF36 - Energy/Vitality 
(mean±SD) 45.21 ± 20.02 53.79 ± 20.66 -31.06 (-40.5; -21.57) <.0001 

SF36 - Social functioning 
(mean±SD) 28.1 ± 23.27 62.72 ± 31.75 -34.30 (-46.5; -22.15) <.0001 

SF36 - Emotional role 
limitations (mean±SD) 24.82 ± 27.72 57.87 ± 39.82 -32.68 (-51.1; -14.3) 0.0025 

SF36 - Mental Health 
(mean±SD) 26.8 ± 16.06 61.05 ± 20.56 -34.20 (-44.22; -24.12) <.0001 

✧ Ancova Test 
HDRS-17: 17 item Hamilton Depression Scale 
BDI-SR: Beck Depression Inventory: self-rated 
IDS30-SR: Inventory Depressive Symptomatology Self Rated 30 items 
SF-36: Short form-36 Quality of Life 
Q-LES-Q: Quality of Life Enjoyment and Satisfaction Questionnaire 
UKU: Udvalg for Kliniske Undersøgelser Side Effects Scale 
 

 

5.2.2.4 Specific Aim 6 

 

The placebo effect lasted up to 28 weeks after surgical implantation. Five 

out of 10 (50%) patients crossed to active stimulation at wk14 (i.e., the start date 

of the second half of the randomized phase). Two patients initiated active sTNS 

at wk15, another one at wk16, and an additional one at wk18. The group under 
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active stimulation-maintained stimulation throughout the second half (one-way 

crossover). 

Only one participant sustained the placebo effect up to the end of the 

second period (wk 14-26). Therefore, an interim analysis was unnecessary since 

all participants were salvaged to active stimulation by wk26. 

 

 

5.2.2.5 Specific Aim 7 

 

SF-36 and Q-LES-Q at wk14, 26, and 50 demonstrated significant 

improvement compared to baseline (Tables 4 and 5). At wk14, there was no 

statistical difference between active and sham stimulation. Bodily pain and vitality 

domains in SF-36 showed the largest difference between groups (67.22 ± 22.86 

and 54.7 ± 22.67; 53.67 ± 15.18 and 37.6 ± 21.46 for active and sham, 

respectively). Since we controlled for baseline scores, there was no difference 

between groups on these domains since the slope of the curve in both groups is 

quite similar (p = 0.439 and p = 0.118 for active and sham, respectively) (Table 

4, Graphic 7A and 7B). 
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Graphic 7 Results of quality-of-life SF-36 scores per domain grouped by physical composite scale (7A) and mental composite 

scale (7B) on active and sham stimulation groups 
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Legend: The dotted green line represents the mean scores for the active sTNS group, and the solid red line represents the sham group. In 7A the four 
domains composing the physical composite scale show no difference between groups at wk14. At wk26, both groups were receiving active sTNS even 
though the sham group received it for a shorter period. At wk50, both groups received active sTNS for at least six months. Again, no group difference was 
noticed. There is a significant improvement in scores compared to baseline. In 7B, one can observe similar findings in the mental composite scale. 
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Q-LES-Q evaluates satisfaction in multiple areas of daily functioning such 

as leisure, home tasks, work, study. No difference between groups was noticed 

at wk14. The cohort improved compared to baseline since the active sTNS 

improved mean 18% and the sham, 22%. The effect size of improvement in 

quality of life is similar in both groups during the randomized stimulation period. 

Most improvement is possibly consequent to the Hawthorne effect (i.e., being 

enrolled on a clinical trial involving an invasive procedure). Both curves show a 

stabilization as the placebo effect fades during the period encompassed by wk15-

wk26, and both groups receive active sTNS. During the open-label period (wk27-

wk50), we notice another gap of improvement in the order of 9% and 8% in the 

active sTNS and sham groups, respectively (Table 4). Additional improvement 

may reflect personal life changes, which may have been implemented due to 

depression severity alleviation. We need longer follow-up to confirm this 

hypothesis since it is well established that chronically impaired psychiatric 

patients require a longer time to recover at a personal and societal level in 

comparison to the response detected by rating scales applied by health 

professionals. We did not collect formal data but observed two subjects 

reallocated to more fulfilling jobs while two engaged in a romantic relationship. 
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Graphic 8 Q-LES-Q mean scores and 95% CI at baseline (wk-2), wk14, wk26 

and wk50 in the active vs. sham stimulation groups. Measurements 

were acquired at weeks 2, 14, 26 and 50 

 
Legend: The dotted green line represents the mean scores for the active sTNS group, and the 
solid red line represents the sham group. The largest improvement in scores was observed during 
the randomized stimulation period from baseline to wk 14 in both groups. The sham group 
response likely reflects the magnitude and duration of the Hawthorne effect for TRD patients 
submitted to a surgical procedure to improve depression. There is a progressive improvement 
along the study in both groups from wk14 to wk50. The placebo effect faded away during the 
period encompassed by wk14 to wk26. All participants started to receive active stimulation during 
this period. Therefore, the maintenance of the improvement on scores is likely secondary to sTNS 
per se. 
 

 

5.3 Adverse Events 

 

5.3.1 UKU Side Effect Scale 

 

UKU side effect scale did not disclose any difference between groups at 

wk14 (p = 0.375), wk26 (p = 0.968), and wk50 (p = 0.381) (Table 4). However, 

there was a statistically significant drop (50%) on side effects scores at the end 

of the study compared to baseline (baseline cohort score = 14.7 ± 5.18 to wk50 

score = 8 ± 6, p-value = 0.0002) (Table 5). 
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5.3.2 Stimulation related adverse events 

 

The tolerance of trigeminal stimulation was excellent. Two patients required 

adjustment of stimulation intensity due to headache. A decrease of 0.25 to 0.3V 

in amplitude led to headache control. Under chronic stimulation, all six 

migraineurs patients achieved pain control, no longer depending upon 

medication. 

 

 

5.3.3 Device related adverse events 

 

It was necessary to reposition 4/40 (10%) electrodes (Table 6). They were 

discreetly salient in the forehead, and we opted to pull them back less than one 

centimeter to avoid erosion, assuring an excellent cosmetic result. Three patients 

belonged to the active sTNS group; three were female, two electrodes were on 

the right side. The procedure was conducted under local anesthesia in two cases 

and under minor sedation in the other two, per the patient’s preference. The 

repositioning occurred between 14 to 37 days after implant for the three women 

and four months later for the male patient.  

One patient needed re-suturing of one temporal incision due to the use of 

tight glasses over the incision. No electrode migration, neither erosion nor 

infection occurred. 

 

 

5.3.4 Adverse Events Classified by Intensity and Timing 

 

Out of 45 reported adverse events, 38 (84.45%) were mild. Thirty (66.67%) 

and 5 (11.11%) adverse events were respectively classified as definitely and 

probably related to the study Twenty-five (55.55%) events occurred post-

operatively, prior to trigeminal stimulation initiation (Table 6). 
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Table 6 - Adverse events association with trial procedures, classified by 
severity, timing of occurrence and likelihood of being related to the 
study described in absolute number and percentage, according to 
stimulation group and for the entire cohort. 

Side Effects Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

Event related to Stimulation, n (%)    

Headache 2 (20%) 0 2 (10%) 
Panic attack 0 1 (10%) 1 (5%) 
Hypomania 0 0 0 
Event related to Surgery/Device, n (%)    

Pain during postoperative period 9 (90%) 9 (90%) 18 (90%) 
Electrode repositioning 3 (30%) 1 (10%) 4 (20%) 
Nausea and vomiting 1 (10%) 2 (20%) 3 (15%) 
Bothersome sensation at generator site 1 (10%) 2 (20%) 3 (15%) 
Dizziness 0 1 (10%) 1 (5%) 
Blurred vision 1 (10%) 0 1 (5%) 
Re-suture temporal incision  1 (10%) 0 1 (5%) 
Electrode migration 0 0 0 
Erosion and/or infection 0 0 0 
Event related to comorbidities, n (%)    

Fibromyalgia transient pain worsening  1 (10%) 0 1 (5%) 
Epigastralgia 0 1 (10%) 1 (5%) 
Asma attack 0 1 (10%) 1 (5%) 
Unrelated to Study, n (%)    

Pneumonia (11 months postop) 1 (10%) 0 1 (5%) 
Flu (45 days-11 months post op) 4 (40%) 3 (30%) 7 (35%) 
Adverse Events, n (%)    

Mild 20 (80%) 18 (90%) 38 (84.45%) 
Moderate 5 (20%) 2 (10%) 7 (15.55%) 
Severe 0 0 0 
Life-threatening event 0 0 0 
Timing of side effect, n (%)    

Pre-stimulation 13 (52%) 12 (60%) 25 (55.55%) 
Post-stimulation 12 (48%) 8 (40%) 20 (44.44%) 
Relationship to the Study, n (%)    

Definitely 17 (70.83%) 13 (61.9%) 30 (66.67%) 
Probably 2 (8.33%) 3 (14.28%) 5 (11.11%) 
Possibly 1 (4.16%) 0 1 (2.23%) 
Unrelated 4 (16.67%) 5 (23.82%) 9 (20%) 

sTNS: subcutaneous trigeminal stimulation 
n (%):  absolute number of events and % 
* All adverse events are listed according to the Medical Dictionary for Regulatory Activities 
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5.3.5 Psychiatric Adverse Events 

 

No significant worsening of depression nor suicide risk was observed 

requiring medication adjustment nor in-hospital admission. None of the patients 

presented a hypomania episode. One out of 4 patients diagnosed with panic 

syndrome at enrollment presented few episodes at 11 months postoperatively 

(Table 6). 

 

 

5.3.6 Cardiovascular Adverse Events 

 

No adverse cardiovascular effects were observed under current stimulation 

settings. Cardiac rate and blood pressure were not different between groups at 

week 14 and did not vary longitudinally during one year of continuous sTNS 

(Table 7). Patients underwent vital signs measurements at each visit. 

 

Table 7 - Comparison of vital signs per group and the entire cohort by mean and 
SD at baseline, week 14, week 26 and week 50 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

p value 
(95% CI) 

Baseline     

Weight (mean±SD) 73.2 ± 18 72 ± 12.1 72.6 ± 14.9 1.2 (-15.77; 13.31) 
Height (mean±SD) 166.6 ± 7.1 160.1 ± 7.4 163.3 ± 7.8 6.5 (-13.32; 0.32) 
Systolic Blood Pressure 
(mean±SD) 126.7 ± 8.1 123.9 ± 20.7 125.3 ± 15.4 2.8 (-18.16; 12.56) 

Diastolic Blood Pressure 
(mean±SD) 80.5 ± 8.3 80.6 ± 13.5 80.5 ± 10.9 -0.1 (-10.57; 10.77) 

Cardiac Rate (mean±SD) 87 ± 13.6 80.1 ± 11.4 83.5 ± 12.7 6.9 (-18.72; 4.92) 
Wk 14 (conclusion of 1st 
half of randomized 
period) 

    

Weight (mean±SD) 72.9 ± 18.9 72.8 ± 13.2 72.8 ± 15.6 0.1 (-16.26; 16.06) 
Height (mean±SD) 166.4 ± 7.4 160 ± 7.9 163.1 ± 8.1 6,4 (-13.83; 0.95) 
Systolic Blood Pressure 
(mean±SD) 125.4 ± 19 116.9 ± 15.2 120.9 ± 17.1 8.5 (-25.42; 8.33) 

Diastolic Blood Pressure 
(mean±SD) 79 ± 16 73.2 ± 8.9 75.9 ± 12.7 5.8 (-18.90; 7.30) 

Cardiac Rate (mean±SD) 85.8 ± 18.5 80.6 ± 6.9 83.1 ± 13.5 5.2 (-19.75; 9.39) 
continue 
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conclusion 
Table 7 - Comparison of vital signs per group and the entire cohort by mean and 

SD at baseline, week 14, week 26 and week 50 

Characteristics Active sTNS 
(n=10) 

Sham sTNS 
(n=10) 

Entire Cohort 
(n=20) 

p value 
(95% CI) 

Wk 26 (Conclusion of 
2nd half of randomized 
period) 

    

Weight (mean±SD) 77.5 ± 17.1 74 ± 14.9 75.3 ± 15.2 3.5 (-25.06; 18.02) 
Height (mean±SD) 167 ± 6.2 159.4 ± 9.3 162.3 ± 8.9 7.6 (-17.15; 1.90) 
Systolic Blood Pressure 
(mean±SD) 117.8 ± 19.9 124.4 ± 19.4 121.8 ± 19 -6.6 (-19.07; 32.22) 

Diastolic Blood Pressure 
(mean±SD) 73 ± 14.4 75.8 ± 15.8 74.7 ± 14.7 -2.8 (-16.41; 21.91) 

Cardiac Rate (mean±SD) 90.8 ± 9.6 79.5 ± 15.8 83.8 ± 14.5 11.3 (-26.84; 4.24) 
Wk 50 (Conclusion of 
Open-Label phase) 

    

Weight (mean±SD) 75.8 ± 17.8 72.2 ± 12.8 74.1 ± 15.3 3.6 (-18.56; 11.34) 
Height (mean±SD) 167.2 ± 7.8 160.3 ± 9.1 163.9 ± 8.9 6,9 (-15.15; 1.42) 
Systolic Blood Pressure 
(mean±SD) 118.9 ± 13.8 126.2 ± 18.9 122.4 ± 16.4 -7.3 (-9.04; 23.68) 

Diastolic Blood Pressure 
(mean±SD) 75.2 ± 11.7 84.1 ± 19.8 79.4 ± 16.2 -8.9 (-7.48; 25.31) 

Cardiac Rate (mean±SD) 85.3 ± 15.2 76.4 ± 18 81.1 ± 16.7 8.9 (-25.18; 7.47) 
Wk: week of the study timeline 
95% CI: 95% confidence interval 
SD: standard deviation 
✧ Ancova Test 

 

Antidepressant medication was kept unchanged for all 20 subjects during 

the trial. Four (20%) participants required the introduction of clonazepam (2mg) 

at bedtime during the study, while one patient changed clonazepam for 

lorazepam (2 mg). 

Two female participants requested to turn off the stimulation at the end of 

the trial (wk50). They belonged to one from each stimulation group. 
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6 DISCUSSION 

 

 

6.1 Outcome Measures of Efficacy 

 

The use of subcutaneous trigeminal nerve continuous stimulation for the 

treatment of TRD is unprecedented. The primary outcome measure showed a 

significant difference in HDRS-17 scores between active sTNS and sham groups 

after 12 weeks of double-blind, randomized electrical stimulation. The effect size 

was 6.3 points in the HDRS-17 (95% CI: -11.1 - 1.5; p-value = 0.019). Placebo 

response due to surgical implantation occurred in both groups, and the resulting 

Hawthorne effect was accounted for, since the postoperative pre-stimulation 

score was part of the composite baseline score. The design robustly kept 

participants and study personnel involved in data collection blinded to stimulation 

assignment during the randomized phase.  

The response curve of HDRS-17 scores of the sham group during the 

second half of the randomized period mirrors the curve obtained with the active 

sTNS group during the initial randomization phase (Graphic 1). The slope of the 

curve on the active sTNS group from wk2 to wk14 is paralleled by the curve of 

the sham stimulation group during wk14 to wk26, when they started receiving 

active stimulation. This is a validation of sTNS response in the second half of the 

sample. 

At the end of the randomized period (wk26), there were 7/20 (35%) 

remitters. Twelve (60%) out of 20 were complete responders. At one year (wk50), 

remission was attained in 11/20 (55%), and 13/20 (65%) were complete 

responders. These results are very encouraging, considering the duration of the 

study. Besides, self-reported and physician-rated scales confirmed further 

improvement of MDD severity as follow-up expanded (Graphic 4). 

BDI-SR score improved mean 16 and 17.5 points at wk26 and wk50, 

respectively, compared to baseline (Graphic 5 and Table 5). IDS30-SR mean 

score improvement from baseline was 20 points at wk26 and 23.7 points at wk50 

(Graphic 6 and Table 5). We noticed that self-rated scores tended to improve 
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further overtime (Graphic 4). The continuous perception of improvement reflects 

adaptive changes in the patients’ lives due to depression amelioration. We did 

not collect formal data, but observed two subjects reallocated to more fulfilling 

jobs, and two others engaged in a romantic relationship. It is well established that 

chronically impaired psychiatric patients require a longer time to recover at a 

personal and societal level than response detected by rating scales. As time 

elapses from device implantation, and study protocol becomes less demanding, 

the reasons for the improvement in self-rated scores reflect personal life changes. 

Hawthorne effect fades over time (Leonard et Masatu, 2006; Vaisman BMJ 

2020). One-year follow-up is significant from a self-rated perspective of 

improvement to be attributable to Hawthorne effect solely. As measured by our 

study, the placebo response did not surpass 26 weeks after initiation of electrical 

stimulation, lasting 16 weeks in 80% of the sample. In addition, we observed a 

drop of approximately 40% in BDI-SR and IDS30-SR scores at wk14. The final 

scores dropped close to 60% in comparison to baseline at wk50, for the entire 

cohort (Graphic 4). 

Comparing the magnitude of the score response in self-rated BDI and 

IDS30 using eTNS, we observe that responses were similar but limited to a very 

brief period of observation (1 to 2 months), leaving an open question about the 

stability of response observed on these trials. Indeed, there is a parallel of 

response between clinician-rated HDRS-17 scores and self-rated scales. We 

suggest that the observed improvement in self-rated scales reflects the stability 

of response to intervention.  

The BDI-SR and IDS30-SR are not standard outcome measures in DBS 

trials. Lozano et al. report a mean improvement of 4.9 points in BDI-SR at 1-year 

post-DBS at the subcallosal cingulate gyrus (Lozano et al., 2008). An open-label 

VC/VS DBS series showed a mean 4.2 points improvement in IDS30-SR at six 

months (Malone et al., 2009). Another open-label study of ALIC DBS 

demonstrated a mean improvement of 19 points in responders and 4.9 in non-

responders at one year on IDS30-SR scores (van der Wal et al., 2020). One 

needs to keep in mind that the patient population submitted to DBS is more 

resistant than the sTNS population. This may explain why the mean point 

improvement is more modest in Lozano’s paper. Also, the improvement in scores 
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of responders at 12 months of DBS in the ALIC shares a closer magnitude to our 

cohort’s effect. It does enhance how time from intervention is essential when 

assessing self-reported outcomes. 

BDI-SR and IDS30-SR did not show a statistically significant difference 

between sham and active sTNS groups at wk14. There are many reasons for the 

absence of difference between both groups. Our sample size is small, and 

consequently, the 95% CI is large. The placebo response was substantial after 

surgery and before stimulation initiation. The self-rated curves mirror the placebo 

effect observed by HDRS-17 but fail to diverge by groups from wk10 and later 

(Graphic 1). 

Maybe, if the first half of the randomized period had lasted longer, we could 

have detected a difference. Mean composite baseline scores for BDI-SR and 

IDS30-SR were classified as severe depression (33.5 and 45.55, respectively). 

Mean scores at wk14 were representative of mild depression for BDI-SR (18.15) 

and moderate depression for IDS30-SR (26.52). From a statistical standpoint, the 

difference would be significant only if one arm were in remission as a group. 

Given this cohort’s chronicity and severity of depression, a self-rated evaluation 

would not reflect remission within a time latency of 12 weeks after active sTNS. 

SF-36 and Q-LES-Q results mirror the results of BDI-SR and IDS30-SR. 

(Graphics 7A, 7B and 8) There was a significant improvement in all scores 

compared to baseline (Table 5), but no intergroup difference was noticed at wk14 

(Table 4). 

 

 

6.2 Protocol Adherence and Drop Out 

 

We experienced no dropouts or protocol deviation, assuring that compliance 

with sTNS is high. In the STAR*D trial, dropout rates were 26% during the first 

level of treatment. Shiozawa (Shiozawa et al., 2015) described 12.5% (5/40) 

dropout in a sham-controlled trial for TRD patients subjected to a 10-day eTNS 

regimen and 1-month outcome assessment. Trevizol (Trevizol et al., 2016) 

reported 1/10 drop out at an open-label study targeting elderly TRD patients. 

Slavin (Slavin et al., 2006) described that among 22 implanted patients with sTNS 
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for orofacial pain, 4 (18%) required removal of the device at a mean follow-up of 

35 months. Two subjects improved substantially and felt no longer the need for 

stimulation, while the other two failed satisfactory improvement. Bina (Bina et al., 

2020) reported one removal out of 15 patients, per patient’s request, at mean 14 

months follow-up. Chronic recurrent depression is associated with lower dropout 

rates (Warden et al., 2007).  

In our study, two female participants (one from each arm) requested to turn 

off the stimulation at the end of the trial. Longer follow-up will show whether TRD 

subjects will elect to maintain or remove the device in the long run as they reach 

a stable outcome. 

 

 

6.3 sTNS in comparison to eTNS 

 

Given the positive results observed with eTNS for MDD, we hypothesized 

that continuous sTNS by an implantable neuromodulation system would be more 

advantageous. 

The subcutaneous approach offers continuous, stable, and independent 

trigeminal nerve stimulation, while attesting device implantation and electrical 

current delivery tolerability. The implanted device allowed complete control of 

continuous TNS, independently of the patient’s adherence. The quality of the 

stimulation is robust for between-groups comparison. Patients received 

stimulation 24 hours/day instead of 8 hours/day. An eTNS trial of 8 weeks 

duration reported adherence to daily stimulation around 80% (Cook et al., 2013). 

The V1 choice guided by intraoperative fluoroscopy allowed optimal 

anatomical positioning of the electrode in proximity to supraorbital and 

supratrochlear nerves by using the supraorbital foramen as a surrogate 

anatomical landmark. Surgery was conducted under general anesthesia, 

providing comfort for patients. Targeting was based strictly on anatomical 

landmarks. The obviation of intraoperative paresthesia covering assessment, as 

required when the indication is for pain control, saves time and complexity. The 

learning curve was fast since the surgical technique and electrode positioning 

was not demanding. 
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Skin irritation and electrode detachment from the skin during nighttime are 

limitations inherent to eTNS therapy, but not applicable to sTNS technique. 

External stimulation trials are significantly shorter regarding the duration of 

intervention and follow-up length (Schrader et al., 2011; Cook et al., 2013; 

Shiozawa et al., 2014; Trevizol et al., 2016; Generoso et al., 2019). None but one 

study (Generoso et al., 2019) had a control group. Therefore, the capability to 

estimate the placebo response duration was compromised. 

External TNS studies report daily interventions lasting for two up to eight 

weeks. The outcome measures were undertaken at the end of the intervention 

(Schrader, 2011; Cook 2013) or after 30 days of its conclusion (Shiozawa et al., 

2014; Generoso et al., 2019). Consequently, the most prolonged post-

intervention assessment was one month later. Our data shows that placebo 

response may last up to 28 weeks after device implantation or 26 weeks from 

stimulation randomization. We acknowledge that sTNS protocol is more 

demanding, possibly leading to differences in the Hawthorne effect between 

eTNS and sTNS trials (McCarney et al., 2007). Nevertheless, post-intervention 

follow-up on eTNS series is too short, and placebo response has not been 

properly addressed so far. The lack of information on eTNS lasting benefits is 

relevant. The duration of the neuromodulation effect will impact the patient’s 

choices towards available interventions for TRD. Additionally, costs and 

availability for routine repeated treatment may hamper broad access to many 

eligible patients (Goldbloom et Gratzer, 2020). 

There are reports on eTNS stimulation in healthy controls leading to 

difficulty focusing and sleepiness when stimulated with 120 Hz at high amplitudes 

(16mAmp) (Schoenen et Coppola, 2018). Our study delivered sTNS with 120Hz 

and 250 microseconds but significantly lower amplitude (range: 0.25-0.7V). No 

such effect was observed by regular visits nor reported by the patients. sTNS is 

reversible, adjustable, and presents a low surgical risk. 
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6.4 Adverse Events 

 

6.4.1 Surgical Technique and Device 

 

We did not experience electrode migration, possibly due to fixation with 

titanium mini plates and screws at the temporal bone. We have used this 

electrode fixation method for over ten years when performing DBS (Lee et al., 

2005) (Figure 7).  

The tiara tunneling provided less mechanical stress through a very stable 

bone surface, assuring an excellent cosmetic result (Figures 8 and 9). This 

innovative strategy was developed since this trial’s procedure required bilateral 

implantation. The contralateral electrode was tunneled through the top of the 

head (as a tiara), joining the ipsilateral electrode at the parietal area (Gorgulho et 

al., 2021, submitted). Bringing both electrodes to the parietal area turned the final 

portion of the implant identical to the DBS surgery. Avoidance to place the 

connectors at the retro-auricular area is particularly desirable given the high 

probability of erosion described at peripheral stimulation series (Bina et al., 2020). 

This is also a lesson learned in the initial DBS era (Gorgulho et al., 2009). The 

parietal area has more subcutaneous tissue to accommodate the connector 

profile. It is also an area of less attrition when the head rests in supine position. 

Bilateral tunneling towards the infraclavicular fossa with the use of two generators 

implies more prosthetic hardware and, therefore, increased risk of developing 

erosion and infection, not to mention an increased level of discomfort within the 

initial weeks post-implant. 

One must consider that an imperceptible surgical implant result was 

necessary to make the experimental procedure viable. During depressive 

episodes, it is common for patients to feel dissatisfied with their body image due 

to sadness and discouragement (Canales et al., 2010). Therefore, it is mandatory 

to assure aesthetically satisfactory results, avoiding negative self-esteem 

impacts. The surgical technique applied was unequivocal and reproducible 

across subjects, leading to consistent results (Figure 8). Moreover, the procedure 

provides a fast-learning curve. Our surgical time decreased 40-50% after initial 

cases. Surgeons’ experience with peripheral implants predicts device-related 
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side effects (Sharan et al., 2015). The surgical team responsible for the implants 

on this trial already had experience with peripheral nerve implantation and deep 

brain stimulation. 

Four out of forty (10%) electrodes required repositioning since the tip of the 

spinal cord electrode is too sturdy for the peripheral nerve application. The 

insertion needle and the electrode lack the desired malleability and pose a 

challenge to introduce the electrode as medial as possible over a curved surface 

as the forehead. Repositioning was elective, without complications (Table 6). 

Nonetheless, it did imply another surgical procedure, even if minor. Our proactive 

and prompt adjustment of electrode positioning in the forehead to avoid erosion 

was well-timed since we did not have erosion or infection as complications. 

sTNS for orofacial pain series are usually restricted to a couple of dozens 

of patients at the most (Burchiel et Slavin, 2000; Bina et al., 2019, Texakalidis et 

al., 2020) despite initially reported since the mid-1960s (Shelden 1966). Thirty 

percent of the cases present complications such as erosion, migration, infection, 

and malfunctioning. (Johnson et Burchiel, 2004; McMahon et al., 2019; 

Texakalidis et al., 2020). These are real limiting factors for the unequivocal 

usefulness of sTNS for pain applications requiring long-term use. None of these 

complications were noticed in our study. However, one must acknowledge that 

follow-up was limited to one year. On the other hand, most pain series reporting 

on sTNS complications describe follow-ups extending to 2-3 years at most. Our 

complication rates compare favorably to the literature rates for pain indications. 

Local pain within a couple of weeks from surgery is common and expected. 

Ninety percent of our sample experienced postoperative pain, always abated with 

common analgesics, in line with observations on pain surgical series. We also 

did not observe hematomas or electrode malfunction/fracture during this year. 

Surgery was safe, well tolerated, and reproducible. Trigeminal stimulation 

was delivered without interruptions. Minor amplitude adjustments were necessary 

in few cases. 
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6.4.2 Psychiatric Side Effects 

 

No depression aggravation occurred, obviating the need for medication 

adjustment or in-hospital admission. Suicidal ideations were carefully monitored 

at each psychiatric visit and by longitudinal follow-up of HDRS-17 suicide score. 

It is well established that depression is the leading cause of suicides, which are 

close to 800.000/year (WHO, 2017). Suicidal attempt and/or suicide has been 

described in trials of DBS (Dougherty et al., 2015) and is expected when treating 

TRD. We did not observe any suicide attempts, but we must keep in mind that 

our sample size is reduced, and we enrolled less severe resistant cases than 

DBS studies. 

No hypomania episodes were observed, in agreement with the findings 

provided by studies using eTNS (Shiozawa et al., 2017). 

One out of 4 patients diagnosed with panic syndrome at enrollment 

presented few episodes at 11 months postoperatively.  

 

 

6.4.3 Cardiovascular Effects 

 

The trigeminal cardiac reflex (TCR) is not reported in the sTNS series 

devoted to pain treatment. Possibly an impaired trigeminal nerve due to the 

baseline condition may preclude or minimize reflex triggering. There are, 

however, descriptions of chronic TCR in intact patients that suffered from orbital 

fracture (Chowdhury et Schaller, 2017). 

In this study, the trigeminal system of the patients was intact. Therefore, 

sTNS could potentially trigger a chronic form of the TCR, which basically could 

go unnoticed (Chowdhury et Schaller, 2017). The current study involves the 

electrode placement in direct contact with an intact V1 delivering uninterrupted 

stimulation. Throughout the year-long sTNS delivery, vitals were monitored, and 

side effects were annotated and categorized at each visit. No cardiovascular side 

effects were observed in comparison to the baseline of the entire cohort (Table 

7). 
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A female patient presented with intense nausea and vomiting 

postoperatively, requiring one extra day of hospital admission to achieve 

symptomatic control. The stimulation was off in all patients during the immediate 

postoperative period. It is worthy to notice that the patient with intense nausea 

and vomiting presented a body mass index (BMI) of 17. The sole use of 

anesthetic agents may well explain nausea and vomiting persisting for one day. 

The patient failed to present cardiovascular symptoms under chronic stimulation. 

 

 

6.5 Considerations in Comparison with Other Neuromodulation 

Alternatives 

 

Our results with sTNS favorably compare with the reported outcomes of 

DBS at multiple targets. We observed 65% of responders at 12 months, among 

which 55% were in remission. DBS results in open-label studies range from 20% 

to 62% of responders at 12 months, with most reports describing 40-50% of the 

sample as responders (Schlaepfer et al., 2014). Remission rates reach 54% 

(Riva-Posse et al., 2018). The results drop to 20-30% responders and 14-18% 

remitters at 12 months at randomized, double-blind trials (Dougherty et al., 2014; 

Holtzheimer et al., 2017). 

Indeed, a direct comparison is inappropriate since the study populations 

differ and are not planned for a head-to-head comparison. In addition, DBS trials 

enroll substantially more refractory cases than trials using external 

neuromodulation or sTNS. However, despite all these limitations, it is worthy of 

referring to DBS since sTNS and DBS trials describe longer follow-up than eTNS 

trials, involve a surgical procedure, and substantial more protocol visits. 

Altogether these factors lead to a different scale of the Hawthorne effect 

compared to eTNS studies (McCarney et al., 2007). 

sTNS is much simpler in terms of targeting and programming while avoiding 

opening the skull. DBS targeting, considering the more recent use of DTI to define 

it, is substantially more difficult and prone to inter-institutional variability. The 

reported complications for sTNS are milder than DBS potential serious adverse 

events. Less invasive neuromodulation approaches leading to sustained anti-
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depressive effects may be an attractive first step opportunity for refractory MDD 

patients. 

If a trial is ever designed to allow a proper head-to-head comparison 

between sTNS and DBS, with sTNS showing more modest results due to less 

selectivity on switching a specific node, the sTNS approach would still be valuable 

because it involves less risk and less labor-intensive programming. TRD is a 

severe health issue that justifies the proper development of a broad 

armamentarium. The less invasive and more straightforward sTNS technique can 

be reserved for “milder” TRD than DBS. 

In future trials of sTNS for TRD, it would be noteworthy to evaluate 

structures receiving projections from the trigeminal pathway, especially knowing 

the relationship between brainstem trigeminal nuclei to mediodorsal thalamic 

nuclei, PAG, and Nucleus of Solitary Tract. We also cannot rule out a direct effect 

on suprasegmental level, but it is unlikely given the low amplitude of stimulation 

used, as patients received sTNS at the subliminal threshold of paresthesia. 

An experiment in rats using the forced swimming test and locomotor activity 

in open field test evaluated the anti-depressive response of trigeminal nerve 

electrical stimulation (Bregman et al., 2014). Animals implanted with bilateral 

trigeminal subcutaneous electrodes in the forehead received intermittent (blocks 

of 2 or 4 hours) stimulation prior to the tests. There were no group differences in 

immobility scores or exploratory behavior in both tests. Most of the stimulation 

parameters resembled our trial, with the most discrepant difference in pulse 

width. The authors aimed to validate experimentally the findings of eTNS trials in 

humans where stimulation was limited to a few hours a day and was short-lasting 

both in terms of intervention and follow-up. Both approaches differ substantially 

from this study since sTNS delivery was continuous and throughout a more 

extended period. The length of the randomized period allowed us to evaluate the 

time delay from stimulation delivery to clinical effect observation. The evidence 

provided by eTNS studies was insufficient to clarify this issue. 

Time-lapse between stimulation delivery and symptomatic relief is an 

important variable that needs to be taken into consideration together with 

frequency, site of stimulation, and duration of stimulation (Lefaucheur et al., 

2008). The effect of sTNS starts to drift apart from the placebo response after a 
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minimum of 8 weeks of continuous sTNS. Our results showed consistency since 

depression improvement lasted for a year. Therefore, it may be that the lack of 

anti-depressive effect on the animal model may not be detectable due to 

insufficient stimulation length. Timing of stimulation from surgery, differences in 

electrical parameters, and duration of treatment may explain the mixed results on 

experimental vs. clinical grounds. Moreover, forced swimming measures coping 

response to an acute stress challenge. The validity of this test as a true paradigm 

of depression-like behavior oversimplifies the complex biological processes 

involved in depression. Although the forced swimming test is valuable and has 

helped the depression experimental field, its generalizability to provide proof of 

“anti-depressive response” is somewhat an overinterpretation (Commons et al., 

2017). 

 

 

6.6 Trial Design Strengths 

 

The length of the randomized period (i.e., 24 weeks) was appropriated. Nine 

out of 10 (90%) participants under sham stimulation waned off placebo effect 

after 16 weeks (i.e., wk18) of sham stimulation (Figure 1). During the second half 

of the randomized period, the staggered crossover allowed for a detailed 

evaluation of placebo response in depressive patients submitted to a surgical 

procedure. As far we are aware, no other study focused on detailing so precisely 

the impact of placebo response within the surgical context. It is remarkable that 

after 12 weeks of sham stimulation (i.e., wk14), 5/10 (50%) presented residual 

placebo responses. The magnitude of residual placebo effect among four partial 

responders after 12 weeks of sham stimulation was 5.75 (28.9%) points (range: 

3-8 points or 18.75%-38.1%) in the HDRS-17. There was only one remitter that 

ended up being a non-responder at the end of the trial. 

The decision for a one-way crossover also favored the capability to detect 

the clinical effect. The standard crossover implies that the active stimulation 

group becomes inactive while the sham becomes active. Nevertheless, when 

evaluating potential new applications, the researcher arbitrarily establishes the 

length of neuromodulation intervention and the washout period. Researchers 
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often extrapolate these crucial trial design definitions from other pathological 

conditions or attain “standard” measures as 1, 3, or 6 months. However, wrong 

assumptions may lead to disastrous statistical results. Possibly, this is one of the 

reasons why the phase 3 DBS trials for depression led to negative results. More 

recently, new insights into trial designs emerged. One example is the adaptative 

design, whereas one-year stimulation optimization precedes randomization 

(Bergfeld et al., 2016). 

If the intervention delivery is cut short, the observed effect size of the 

treatment would be underestimated. If the washout period is too short, there will 

still be a residual intervention effect on the “current-sham” group (Lefaucheur et 

al., 2014). The remanent clinical effect will overlay the clinical effect in the other 

half of the sample (i.e., the group just exposed to active treatment). These factors 

negatively impact recognizing a true benefit since the possibility of detecting a 

statistical difference between groups is hampered. The capability to detect a 

statistical difference between groups will be limited to large effect size. Milder, but 

clinically significant effects, may be undetected due to design inefficiency. 

In summary, if the stimulation duration is abbreviated or washout period is 

too short, the clinical effect would not be appreciated in its full extension during 

randomization. Fluctuations are a norm during the lifetime course of major 

depression. Therefore, the researcher should strive to minimize idiosyncrasies in 

trial design. The current study design enhanced the definition of the latency 

between treatment and clinical response. Besides, since this technique has not 

been attempted for MDD patients, it was safer to avoid stimulation interruption 

during the trial. An active responder crossing to sham stimulation could potentially 

deteriorate depression severity and become suicidal. Maximal safety assurance 

was an additional consideration justifying our opinion for a one-way crossover in 

this study. 

If future sTNS trials follow this study, extending the randomized period to 32 

weeks might be desirable. It would provide the maximum washout of placebo 

response between groups’ comparison at the end of the first half of the 

randomized phase. 
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6.7 Complexity of Major Depression Networks 

 

Active sTNS possibly requires a time-lapse to trigger treatment response. 

Based on the TN connections into the CNS, some neuroplasticity events may 

involve all or some pathways connecting the trigeminal sensory complex to the 

default mode network. Plasticity induced by neuromodulation requires a time lag. 

Par example, a peripheral injury to the trigeminal nerve induces central 

neuroplasticity into the cortico-thalamic loop generating refractory neuropathic 

pain. Both peripheral and central changes contribute to the genesis of the chronic 

pain condition (Gorgulho, 2012). Similar interface regions are affected in chronic 

pain and depressive states through the default mode network (DeSalles et Bittar, 

1994; Doan et al., 2015). 

A similar process occurs after an injury in the basal ganglia leading to 

dystonia (DeSalles, 1996; Tish et Limousin, 2020). Usually, dystonia develops 

months after the offending event. A similar mechanism is proposed to justify the 

delayed effects of deep brain stimulation in dystonia. Motor improvements take 

weeks or months to be appreciated. The DBS benefit does not fade away acutely 

upon battery exhaustion (Tish et Limousin, 2020). Drawing a parallel with another 

motor condition, there is a struggle to predict the best response to essential 

tremor DBS. Some patients lose electrical stimulation efficacy over the years, 

while others do not (Hariz et al., 1999; Shih et al., 2013). The tremor network is 

not as complex as the behavior disorders' network, involving the basal ganglia 

network (Barkhoudarian et al., 2010). Also, neuromodulation of motor networks 

is by far more well studied than for psychiatric diseases. 

Plasticity implies neurotransmission modification through multiple 

mechanisms such as the number of receptors, affinity, and neurotransmitter 

metabolism, to name a few. It will impact the network functioning (Lefaucheur, 

2012). The trigeminal stimulation influences the limbic network through its 

projections to the thalamus and PAG afferences reaching out to the 

hypothalamus as well. So, trigeminal stimulation may influence the hypothalamic 

neurohumoral loop (Barbosa et al., 2017). Given specific baseline characteristics, 

it is likely that some features may emerge not only differentiating responders from 

non-responders but also as determinants of time to response. When establishing 
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a trial design, one makes many assumptions due to a lack of knowledge on how 

long one should wait to rule out the presence of treatment effect or how 

concomitant therapies affect the proposed treatment. 

MDD is a syndrome (Malhi et Mann, 2018), the reason why its definition is 

somewhat broad. The phenotypical diversity influences the baseline conditions 

of the treated network. So, we are offering multiple treatment alternatives to 

networks with different baseline "accommodation" levels, not accounting for 

normal interindividual anatomical variability. A brain with abnormal plasticity 

responds differently to neuromodulation compared to a normal homeostatic brain. 

There is an extra layer of assumptions by extrapolating that features 

differentiating controls and depressed patients as determinants of response to 

treatment. On top of this, TRD subjects are usually under continuous medication 

treatment, and some harbor a long-lasting history of polytherapy. It is plausible 

that medications affect brain response to neuromodulation differently, adding 

more variables to the issue of predictors identification in such a heterogeneous 

population. Altogether, these considerations explain why biomarkers are still a 

"virtual" concept in the clinical treatment paradigm.  

Multiple large consortiums and meta-analyses aim to identify clinical 

subtypes, genotypes, mutations, hormonal levels, anatomical and functional 

brain features. However, as of now, these attempts failed to select subgroups 

with better odds of symptomatic relief (Frodl et al.; Pintor et al., 2004; McClintock 

et al., 2011; Wray et al., 2012; Gold et Chrousos; Major depression disorder 

working group of the psychiatric GWAS Consortium; Perlis; Fu et al., 2013; 

Thompson et al., 2014; Lener et Iosifescu, 2015; Falola et al., 2017; Nie et al., 

2018; Fabbri et al., 2019; Mason et al.; Esposito et Buoli; Medeiros et al.; Song 

et al., 2020). The goal to define TRD predictors for response according to the 

multiple adjuvant therapies (ECT, TMS, VNS, eTNS, sTNS, and DBS) is a 

pending task. 

Despite all the difficulties to achieve this milestone, accumulated evidence 

points to some noteworthy directions. Sankar (Sankar et al., 2020) recently 

published about potential neuroanatomical biomarkers on TRD patients 

implanted with DBS at the subcallosal cingulate. They correlated depression 

response with MRI findings of 27 subjects. Responders harbored larger 
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subcallosal gyrus, thalamic, and amygdala preoperative volumes than non-

responders. The cortical grey matter: white matter ratio was lower among 

responders, and the area under the receiver operating characteristic curve of 0.85 

denoted remarkable specificity and sensitivity. As discussed above, the 

neuroplasticity induced by electrical stimulation in the trigeminal nerve may be 

better associated with specific anatomical or metabolic baseline characteristics. 

Different baseline "homeostatic status quo" may respond differently to each 

neuromodulation technique. Some convergent data points to a crucial role of the 

perigenual ACC as a hub of depression behavior modulation. It is also an 

identified hub in chronic pain patients treated with trigeminal stimulation (Magis 

et al.; Russo et al., 2017; Schoenen et Coppola, 2018). 

Some of the structures related to depressive states may reflect disease 

severity rather than baseline structural predisposition. It would be interesting to 

"normalize" the gathered data according to depression severity, decreasing the 

heterogeneity variability. It is possible that the Canadian group was able to 

identify exciting findings among 27 subjects because this is a remarkable 

homogeneous population of TRD patients (Sankar et al., 2020). 

Classification of brain changes according to the severity of treatment 

resistance aims to isolate traits of depression susceptibility from neuroplasticity 

changes induced by depression chronicity and resistance. The complexity is 

enormous, but brain anatomical features are an encouraging domain to identify 

biomarkers.  

We did not collect neuroanatomical or electrophysiological data to explore 

the mechanism of action or response prediction to sTNS in our sample. Since this 

is an unprecedented application, we did not focus on these matters. 

Unfortunately, we also failed to identify any predictors based on our population’s 

characteristics. The sample size is also restricted. 

Using eTNS as a triage method prior to sTNS implant is attractive but needs 

careful consideration. Application of eTNS has been short-lasting (4-8 weeks), 

and consistency of stimulation may be an issue depending upon the selected 

device and patient compliance to daily use. Given the magnitude and duration of 

the placebo effect observed in our study, it would be challenging to assume that 

a short-lasting trial of eTNS would reliably triage for sTNS. On the other hand, 
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35% of non-response calls for an improved patient selection method for sTNS. 

The triage with eTNS would likely resemble the current application of the 

transcutaneous auricular vagal nerve stimulator as a triage instrument to 

traditional device implant. Preoperative eTNS is an attractive idea worthy of 

exploring in upcoming sTNS studies. However, given the uncertainties regarding 

placebo effect duration on eTNS patients and higher variability of stimulation 

delivery, we caution against immediate reliability extrapolation. Instead, we 

consider a trial design testing eTNS and then implanting all subjects with sTNS 

to evaluate the sensitivity and specificity of eTNS to triage for sTNS. 

In parallel, looking into anatomical features on baseline MRIs may help 

identify more suitable candidates and correlate eTNS response to anatomical 

features. 

 

 

6.8 Study Population 

 

The selected population enrolled in the study is very representative of the 

unipolar TRD population (Table 3). The majority were women (80%) (Global 

Health Estimates, 2017). All patients failed at least three antidepressant 

medications with appropriate dose and treatment duration. All of them harbored 

a longtime history of depression with multiple episodes of recurrence. For all 

participants but one, the current episode was at least the 4th episode of 

depression during their lifetime. It is well established in the literature that 

depression chronicity (Warden et al., 2007) is a negative predictor of treatment 

success, thus reinforcing the treatment-resistant nature of the sample. 

Additionally, 13 out of 20 (65%) of the sample had a current depression episode 

duration of 2 years or more. Only 2/20 (10%) experienced a current episode 

duration between 4 to 6 months.  

Enrolled patients achieved employment status lower than expected by the 

level of baseline educational background. Depression affects cognitive and 

working performance (Wilson et al., 2014). A reasonable percentage of patients 

harbored positive family history of depression among first-degree relatives (60% 

in the active and 50% in the sham arm). Inheritability of MDD in families and twins 
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demonstrated a risk of 37% (Sullivan et al., 2000). Offspring of parents with MDD 

present an odds ratio of 1.73 (range: 1.41-2.11) for MDD development. If one 

considers the development of MDD at early onset and recurrent course, a positive 

parents’ history for MDD brings the OR to 1.46 (range: 1.03-2.07) (Wilson et al., 

2014). Also, studies searching for genetic polymorphisms are in course. Until the 

present moment, no study has been able to identify a genome-wide biomarker to 

be used as a predictor of TRD (Kang et Cho, 2020). 

The severity of depression was moderate to severe with mean HDRS-17 

scores of 22.3 ± 4 (range: 14-28) and 20.4 ± 2.91 (range: 16-26) for active vs. 

sham stimulation. In terms of prior treatment with other modalities, none ever 

received ECT, VNS, or DBS. Forty percent of the participants received treatment 

with psychotherapy. Indeed, it would be desirable to have all of them failing prior 

psychotherapy since this is part of the standard treatment. On the other hand, 

psychotherapy failure is not a criterion to define TRD. Proper access to 

psychotherapy is a struggle in our reality. It is costly and not readily available in 

public healthcare for the entire population of depressive patients. Therefore, it 

was not reasonable to establish psychotherapy as a required step in our research 

design since it is not available in practice for a large percentage of the population. 

In summary, our sample encompasses a representative MDD population 

with treatment resistance of moderate to severe intensity. The studied population 

is more severely affected than the population treated with TMS. It is also less 

affected than DBS implanted individuals, both in terms of depression severity 

scores (only severe patients enrolled) and prior treatment failures (more 

medication failures, ECT, and TMS attempt in most of the sample). However, it 

does compare with the population of depressed patients treated with eTNS and 

VNS for MDD. In the pyramid of invasiveness of the procedures, sTNS also ranks 

as a minimally invasive procedure with a very favorable surgical complication risk, 

therefore justifying the cost-benefit to be offered to moderate and severe TRD 

patients. 
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6.9 Mechanism of Action Considerations 

 

The trigeminal sensory nuclear complex sends projections to sensory-

discriminative and emotional affective pain pathways, as elucidated by direct 

projections to the dorsal medial thalamic nuclei, PAG, and nucleus of tractus 

solitarius. These projections serve as the anatomical basis for why trigeminal 

stimulation may impact mood and volitional behavior in psychiatric diseases. The 

mood effect obtained with trigeminal and vagal nerve stimulation parallels spinal 

cord stimulation's effects on the thalamic-cortical loop, promoting improvement 

on motor symptoms such as dystonia and Parkinson's Disease (de Andrade et 

al., 2016). Similarly, we observe pain control in patients treated with SCS for 

diverse dermatomal topographies. Pain comprises a sensory, cognitive and 

affective domain. As pain becomes chronic, there is an activation shift from 

somatosensory to affective emotional circuitry. The very same network is 

intertwined in depression symptomatology since it involves the perigenual ACC, 

nucleus accumbens, PFC, hippocampus, amygdala and thalamus (Doan et al., 

2015). This explains why pain and depression negatively impact each other. 

Anxious and depressed patients experience more pain in the acute postoperative 

period. We noticed this among our patients in the initial postoperative day. These 

patients are also at increased risk of developing chronic surgery site pain (Doan 

et al., 2015). On the other hand, patients with chronic pain suffer from associated 

depression with a prevalence ranging from 18% to 85% (Williams et al., 2003). 

From the phylogenetic perspective, the trigeminal is the largest cranial 

nerve and innervates the area with the most significant cortical representation at 

S1. The sensitive pain network elicits sensory, psychological, and motor 

behaviors (Thiriez et al., 2014; Cury et al., 2016; Puerta et al., 2020). Perception 

of the environment through facial sensitivity is robust among animal species. It is 

a common exploring mechanism among mammals with whiskers.  Therefore, it 

makes sense to consider a broader facet of trigeminal nerve function, directly 

involved in survival and not limited to carrying somatotopic facial sensory 

information from the periphery to the sensory cortex. These pathways projecting 

to limbic structures and pre-frontal cortex are responsible for emotional affective 

pain response, emotional visual stimuli processing (Keightley et al., 2003), 
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circadian rhythm, learning, memory, motivation, and reward (Mayberg et al., 

2005). Therefore, this nodal network orchestrates the critical symptoms of 

psychiatric diseases. Whether or not the trigeminal projections into the NTS, 

dorsomedial thalamic nuclei, and PAG are the substrate of sTNS mechanism of 

action in depressed subjects remains to be proven.  

The proposed physiopathological pain model in parkinsonian patients again 

corroborates integration of sensory, motor, and behavioral pathways (Cury et al., 

2016). The basal ganglia work as a relay for behavioral responses to external e 

internal stimuli. One should consider the trigeminal projections to the thalamus 

conveying external sensory information. Also, the PAG afferences synapse with 

dopaminergic neurons at the ventral tegmental area (VTA) (Omelchenko et 

Sesak, 2010) Reynolds (Reynolds, 1969) showed the modulation of pain control 

in rats using 60Hz at the periaqueductal midbrain. After implantation, the animals 

did not show aversive behavior, maintaining motor activity even while submitted 

to significant noxious stimuli. The rats allowed the performance of a laparotomy 

in the absence of chemical anesthetic agents. It does show how this is an 

intricated shared network modulating pain and emotional reaction to a "negative" 

sensorial stimulus. There are trigeminal projections into the PAG. The VTA 

projects to nucleus accumbens, anterior cingulate cortex, thalamus, amygdala, 

and prefrontal cortex, which are the structures involved with behavior. The effects 

of this network's participation in the control of depression are supported by the 

recent report of effective TRD control with DBS of the VTA (Schlaepfer et al., 

2013). 

The postulated mechanisms of action of eTNS in the pain literature 

(Schoenen et Coppola, 2018) involve the trigeminal brainstem pathways outlined 

above and a direct activity in the perigenual ACC and orbitofrontal cortices (OFC). 

Diverse techniques documented the activation of ACC and OFC with trigeminal 

stimulation (Magis et al.; Russo et al.; Vecchio et al., 2017). The stimulation 

settings used differ from the ones used in our study. We know that variations in 

frequency may lead to opposite effects on neuronal conduction and, therefore, 

on symptom control. For instance, 60-80 Hz stimulation at STN DBS may help 

with gate problems but is less effective in controlling appendicular symptoms than 

traditional frequencies as 130Hz (Brown, 2007; Zibetti et al., 2016). Similar 
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observations are reported with spinal cord stimulation and TMS, supporting that 

frequency governs the excitability of the targeted network (Lefaucheur et al., 

2008; de Andrade et al., 2016). Besides frequency, other important variables 

influencing the network modulation are the specific site of stimulation, duration, 

and time-lapse between delivery of stimulation and clinical effect (Lefaucheur et 

al., 2008). 

Our frequencies were higher than those used in migraine treatment, but our 

amplitude was significantly lower since it remained under the sensitive threshold. 

In TRD patients treated with DBS at the subcallosal cingulate area, the baseline 

activation pattern was inverse to migraineurs (hyperactivity vs. hypoactivity at the 

ACC, respectively) (Mayberg et al., 2005). Nevertheless, both groups showed 

normalization of abnormal activity at the frontal cortices among responders. 

 

 

6.10 Limitations 

 

This study did not address the mechanism involved in trigeminal nerve 

stimulation leading to depression severity improvement. The interesting findings 

on potential biomarkers described by Sankar (Sankar et al., 2020) in patients 

treated with DBS at the subcallosal cingulate for TRD bring new light to parallel 

efforts in search of predictors of response using other intervention modalities. 

Interestingly, the subcallosal cingulate area appears as a converging structure 

functioning as a biomarker for DBS response in TRD and a fundamental structure 

modulated by eTNS in migraine patients.  

The study and careful evaluation of the less conspicuous connections of the 

trigeminal pathway deserve more attention and driven research hypothesis. It 

would allow an in-depth understanding of the trigeminal nerve mechanisms 

involved in mood disorders. 
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7 CONCLUSIONS 

 

 

This is the first study evaluating sTNS for the treatment of TRD. 

 

1. Subjects submitted to active subcutaneous trigeminal stimulation 

demonstrated a significant drop in depression severity compared to 

sham stimulation, despite group level placebo response, at week 14. 

2. The entire cohort showed significant improvement in HDRS-17 scores 

at weeks 26 and 50 compared to baseline.  

3. There was a significant difference in remission and complete response 

in the group under active sTNS compared to sham stimulation at week 

14. The number of remitters increased throughout the study as follow-

up extended. 

4. BDI-SR scores did not differ between active and sham sTNS groups at 

week 14. There was a significant improvement in depression severity at 

weeks 14, 26, and 50 compared to baseline for the entire cohort. 

5. IDS30-SR scores did not differ between active and sham sTNS groups 

at week 14. There was a significant drop in the severity of depression 

for the entire cohort at weeks 14, 26, and 50 compared to baseline. 

6. The placebo effect was evaluated in detail during the second phase of 

the randomized period, bringing unprecedented knowledge about its 

length. Placebo response in TRD patients treated with surgery is long-

lasting. It enhances the need for properly designed trials. 

7. Quality of life evaluated by SF-36 and Q-LES-Q showed a significant 

improvement for the entire cohort at weeks 14, 26, and 50 compared to 

baseline. 

8. Tolerability was excellent, with minor adverse events related to the 

implant and the electrical stimulation. Surgery was safe and 

reproducible. Treatment compliance was observed in all participants 

during the study. 
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8.5  Appendix E – Structured Interview Guide for Depression Rating Scale 
Hamilton Structured Interview Guide For The Hamilton Depression 
Rating Scale (Sigh-D) 
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