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Major Depressive Disorder

Major depressive disorder (MDD) is an incapacitating disor-

der associated with significant personal, social and economic

impairment. Patients with MDD present a “double burden,”
characterized by a lower quality of life associated with a

higher prevalence of medical comorbidities [1]. The main

symptoms of MDD include persistent low mood, anhedonia

(i.e., diminished pleasure in previous significant activities),

impairment in sleep, psychomotor retardation, weight

changes, and negative thoughts that range from pessimism

to guilt and suicidal ideation (Table 14.1). Moreover,

although only the most severe spectrum of depression is

associated with suicide, its chronic, incapacitating

symptoms make depression one of the most incapacitating

conditions worldwide. Thus, MDD has been projected to be

the second most disabling condition by 2020 [2]. Since

MDD is known to be a recurrent and relapsing psychiatric

condition, approximately 50 % of the patients who present a

depressive episode shall undergo a new episode further in

life [3]. Finally, nearly 30 % of patients present themselves

in a refractory state, i.e., when depressive symptoms are

observed despite the appropriate psychological and pharma-

cological treatment [4]. For these reasons, continuous

research on MDD in terms of newer treatment techniques

presents itself as a mandatory need.

Pharmacotherapy

Antidepressant drugs are considered the pillar stone when

analyzing treatment approaches for depression. The pharma-

cological arsenal includes first-generation antidepressants

(tricyclic antidepressants and monoamine oxidase

inhibitors), SSRIs (serotonin selective reuptake inhibitors,

such as sertraline and fluoxetine), serotonin–norepinephrine

reuptake inhibitors (SNRIs) (“dual-inhibitors,” such as

venlafaxine and duloxetine), and others (e.g., bupropion

and mirtazapine). A recent meta-analysis suggested that

escitalopram and sertraline are the antidepressants that best

combine effectiveness with tolerability and therefore should

be the first choice for treatment [5]. Given the multiple

pharmacological treatments available, the STAR*-D

(Sequenced Treatment Alternatives to Relieve Depression),

a NIMH-sponsored trial, enrolled almost 3,000 patients to

evaluate the efficacy of several antidepressant treatments

[4]. STAR*-D highlighted the importance of refractoriness

in pharmacotherapy, i.e., remission rates decay as more

antidepressant treatments fail—in fact, after four consecu-

tive antidepressant interventions, 30 % of patients still pres-

ent depression symptoms. Also, different meta-analyses

[6–8] observed that dropout rates are relatively high

(20–30 %) irrespective of the drug class assessed—the

causes of dropouts are multiple and include side-effects,

time gap observed from the initial treatment and consequent

improvement of depressive symptoms and patient–physician

relationship [9] all of each can increase relapse rates in the

long-term. These issues reinforce the need for newer

interventions in the treatment of MDD.

Neuromodulation Strategies

Noninvasive brain stimulation (NIBS) stands as a general

term used to describe techniques that might aid to overcome

some of the current challenges that both pharmacological

and psychotherapy undergo. Ideally, NIBS techniques
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should not only be as effective as pharmacotherapy but

should also present a lower rate of adverse effects, thereby

increasing treatment adherence.

Neuromodulation techniques include old techniques such

as electroconvulsive therapy (ECT) to novel clinical and

preclinical techniques, such as transcranial magnetic stimu-

lation (TMS), vagus nerve stimulation (VNS), transcranial

direct current stimulation (tDCS), and trigeminal nerve stim-

ulation (TNS). Since these techniques are still considered to

be unfamiliar to both most of the medical community and to

the general public, a cited description of its physiological

mechanism is necessary.

Electroconvulsive Therapy
ECT is one of the most effective treatments for acute depres-

sion, especially when psychotic features and/or severe acute

suicidal ideation are present. ECT was the first

neuromodulatory therapy, initially described by Cerletti

and Bini (1940), who were in fact investigating safer alter-

native therapies for therapeutic seizures against the most

used strategies at the time (e.g., intramuscular injection of

camphor oil, malaric fever, and so forth). In 1938, these two

psychiatrists successfully treated one psychotic patient with

11 cycles of ECT [10]. This technique, however, would only

become widespread by the end of World War II.

The energy provided by the ECT is approximately 100 J

with a peak pulse in the order of 8 A, which lasts from 0.5 to

2 ms. In fact, the induced seizure—and not the electric

charge itself—is considered responsible for the observed

antidepressant effects [11].

The UK ECT review group [12], in a systematic review

and meta-analysis of different ECT protocols, found that

active ECT was more effective than (a) sham ECT (differ-

ence in Hamilton scores of 9.7; Confidence Interval [CI],

95 % between 5.7 and 13.5), (b) antidepressant drugs

(difference 5.2 points, 95 % CI 1.4–8.9); and that bilateral

ECT was more effective that the unilateral protocol (reduc-

tion of 3.6 points, 95 % CI 2.2–5.2). Currently, ECT is

considered the most effective treatment for the acute depres-

sive episode and is particularly suitable for severely ill

patients with suicidal ideation and/or psychotic depression

[13]. ECT devices, in spite of a vast range of clinical

protocols, use preestablished and independent (within cer-

tain limits) amplitudes of pulse determined by the imped-

ance found in each electrical circuit. Some devices allow the

physician to specify the stimulation parameters (frequency,

width, current, and duration) towards a more individual

approach. Shorter pulse durations appear to be more effec-

tive in inducing seizures, and increases in stimulus duration

may be more effective than increases in frequency. The main

clinical indications for ECT are summarized in Table 14.2.

Nevertheless, ECT has some important limitations. It

requires anesthesia and, therefore, specialized personnel

and adequate medical apparatus for advanced life support.

When considering cognitive effects, although anterograde

amnesia is relatively common and self-limiting, Sackeim

and colleagues [14], in an observational study with 751

patients with MDD who underwent ECT, showed significant

impairment in several neuropsychological tests, with an

emphasis on attention and memory performance worsening.

In terms of safety, some possible adaptations have been

suggested in different studies: right unilateral stimulation

(vs. bilateral), short pulse (vs. sinusoidal), ultrashort pulse,

use of smaller doses, and limiting the total number of

sessions [15–17]. Other frequent ECT collateral effects

include headache and myalgia [18].

Therefore, ECT is a biological alternative in the treatment

of MDD, particularly suitable for the most severe cases [19].

Moreover, difficulties inherent in the application of the tech-

nique (sedation, number of sessions) associated with the side

Table 14.1 Diagnostic criteria for MDD and main clinical symptoms of depressive episode according to DSM-IV [122]

Diagnosis criteria for MDD

A. Presence of two or more Major Depressive Episodes.

B. The Major Depressive Episodes are not better accounted for other psychiatric disorder

C. There has never been a Manic Episode, a Mixed Episode, or a Hypomanic Episode.

Main clinical symptoms of Depressive Episode

Depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g., feels sad or empty) or observation made by others

Markedly diminished interest or pleasure in all, or almost all, activities most of the day

Significant weight loss when not dieting or weight gain

Insomnia or hypersomnia

Psychomotor agitation or retardation

Fatigue or loss of energy

Feelings of worthlessness or excessive or inappropriate guilt

Diminished ability to think or concentrate, or indecisiveness

Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or a suicide attempt or a specific plan for

committing suicide

MDD major depressive disorder
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effects cited previously and the risk of cognitive impairment

in the long-term exposure represent a limitation of the tech-

nique [20], which is intended to be overruled with newer

neuromodulatory therapies.

Repetitive Transcranial Magnetic Stimulation
(rTMS)
Transcranial magnetic stimulation (TMS) was first

introduced as a neurophysiological technique in 1985,

when Anthony Barker and his team developed a compact

machine that allowed noninvasive stimulation of the cere-

bral cortex [21]. TMS is based on the physical property that

an electric current can generate a varying magnetic field

which in turn induces a new electric current over a conduc-

tive material. In humans, the TMS coil is placed over the

scalp above the targeted stimulation area. The resulting

magnetic field is perpendicular to the electric field. In the

case of a circular coil, the magnetic field is stronger near the

outer circumference of the coil and weaker near the center.

The magnetic field can activate neurons at a depth of

20–30 mm over an area of 30 mm long by 20 mm wide

reaching mainly cortical areas.

RTMS for MDD typically involves 10–30 treatment

sessions of 15–45 min. duration, administered once a day,

5 days a week on an outpatient basis. For MDD, the dorso-

lateral prefrontal cortex (DLPFC) is the targeted area; typi-

cal protocols apply either high-frequency, excitatory

stimulation to the left DLPFC or low-frequency, inhibitory

stimulation to the right DLPFC. There are two types of

rTMS of interest in MDD: (1) low-frequency rTMS

(<1 Hz) that is applied over the right DLPFC to induce a

decrease in cortical excitability, and (2) high-frequency

(>5 Hz, typically 10–20 Hz) rTMS that is applied on the

left DLPC to increase cortical excitability. Both approaches

induce neuroplasticity changes in the targeted areas [18]

(Tables 14.3 and 14.4).

The rationale for rTMS in the depression treatment is

based on the hypothesis that the DLPFC is hypoactive in

patients with depression—therefore high-frequency rTMS

on this area could restore its activity to physiological levels.

The use of low-frequency rTMS over the right DLPFC is

based on the prefrontal cortical asymmetry theory that states

that the left DLPFC is relatively hypoactive whereas the

right DLPFC is relatively hyperactive in MDD [22, 23].

Table 14.2 Main clinical indications for ECT

Catatonia or other psychotic symptoms

Severe risk of suicide

History of prior good response to ECT

Need for rapid, definitive treatment response on either medical or psychiatric grounds

Risks of other treatments outweigh the risks of ECT (i.e., comorbid medical conditions make ECT the safest treatment alternative)

History of poor response to multiple antidepressants

Intolerable side effects to all classes of antidepressant medications (e.g., seizures, hyponatremia, severe anxiety)

Patient preference

ECT electroconvulsive therapy

Table 14.3 Summary of rTMS parameters for depression protocols

Parameter Summary

Stimulation site Regarding left vs. right stimulation, the accumulated evidence favors the former as more studies were performed stimulating

the left DLPFC

Frequency of

trains

Most low-frequency protocols use 1 Hz or less; while high-frequency stimulation ranges from 5 to 20 Hz with more recent

studies favoring the 10 Hz-frequency

Intensity of

stimulus

Vary from 80 to 120 % MT; issue of safety needs to be addressed

Frequency of

sessions

Usually delivered daily in weekdays (5 sessions per week) although some studies used different protocols such as three times

a week or two times per day

Duration of

treatment

Vary from 10 to 30 sessions

DLPFC dorsolateral prefrontal cortex, MT motor threshold

Table 14.4 Adverse effects related to rTMS

Adverse effects

Seizure and syncope

Cognitive impairment

Headache

Nausea

Pain

Manic episodes

Motor effects

Sleep/tiredness

rTMS repetitive transcranial magnetic stimulation
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An important phase III study using rTMS for MDD was

performed by O’Reardon et al. [24]. In this trial, 301 patients
with depressive disorder without concurrent antidepressant

therapy were enrolled. RTMS was performed at a 10 Hz

frequency (120 % of the motor evoked potential, MEP),

3,000 pulses per session for 4–6 weeks. Active rTMS was

statistically superior to sham intervention in terms of

improvement in depressive symptoms, which was assessed

through the Hamilton Rating Scale for Depression. Despite

the positive results obtained, there was only a trend for

superior active rTMS efficacy considering the primary out-

come that employed the Montgomery–Åsberg Depression

Rating Scale (MADRS), which resulted in conflicted doubt

regarding rTMS’s efficacy. This issue was finally resolved in
another multicentric randomized controlled trial [25], which

evaluated rTMS effects in 199 depressed patients using a

10 Hz frequency stimulation (120 % MEP), with 3,000

pulses per session for 3–6 weeks. The authors found that

patients who underwent active rTMS stimulation had 4.2

times greater chance of meeting remission rates scores than

patients receiving sham stimulation (95 % confidence inter-

val, 1.32–13.24), with remission rates of 14.1 % and 5.1 %

for active and sham rTMS, respectively. Recent meta-

analyses confirmed the efficacy of two rTMS modalities:

both high-frequency rTMS over the left and low-frequency

rTMS over the right DLPFC are effective for MDD [26, 27].

Long-lasting effects are unclear in medical literature as

follow-up studies are still incipient [28]. Cohen and

colleagues [29] followed 204 patients performing rTMS

every other week. The mean time remission period was of

120 days. Demirtas-Tatlidede et al. [30] followed 16 patients

for 4 years performing rTMS protocols when the patients

relapsed. The mean period free of depressive symptoms

were 5 months. Fitzgerald et al. [31] showed that the time

of relapse was 10 months in a sample of 19 patients, who

also had clinical response for repetitive rTMS protocols. To

some that, O’Reardon and colleagues [32] followed ten

patients for a period varying from 6 months to 6 years,

with weekly or twice a week maintenance of rTMS sessions.

At the end of follow-up, only two patients presented remis-

sion of symptoms with exclusive rTMS maintenance ther-

apy. Further studies are necessary to establish the optimal

rTMS protocols on the maintenance phase of MDD

treatment.

The adverse effects of rTMS procedures are generally

well tolerated. Although discomfort and facial pain are com-

mon symptoms, only a small percentage of patients

discontinued treatment due to these symptoms [33]. Another

concern is the risk of seizures, which is, in fact, very low for

healthy subjects [33]. There are other potential adverse

effects, represented by a more rare incidence, which

includes: syncope due to a vasodepressor related mecha-

nism, headache, and acute psychiatric changes such as

induced mania for bipolar patients (0.84 % mania for active

rTMS vs. 0.73 % for sham rTMS) [34].

Currently, rTMS can be considered an interesting thera-

peutic tool due to its mild side effects and potentially satis-

factory clinical outcomes [28]. However, the relatively high-

cost for rTMS application remains as an important limita-

tion. In a study carried by Simpson and colleagues, the cost-

effectiveness of the technique in question, was analyzed.

They concluded that therapy through rTMS had a satisfac-

tory cost-effectiveness when compared to standard antide-

pressant regimens [35].

In conclusion, rTMS is a safe, well-tolerated strategy,

which has been recently approved in several countries as a

treatment for Major Depressive Disorder. Given the high-

costs, the need of specialized staff for delivering rTMS and

the uncertainty regarding its long-term effects, these current

limitations still reinforce the need for further research.

Transcranial Direct Current Stimulation
The rationale behind the use of tDCS for depression is based

on its properties for increasing (anode) and decreasing (cath-

ode) cortical excitability [36]. Some initial clinical trials

showed significant depression improvement. Fregni et al.

in a sham-controlled, randomized clinical trial, found a

significant decrease in the Hamilton Depression Rating

Scale and Beck Depression Inventory after 5 days of active

stimulation with 1 mA for 20 min once a day [37]. The mean

reduction in the depression scores were between 60 and

70 % for active tDCS group when compared to the baseline

values. Similar results were demonstrated in a posterior

study with antidepressant-free patients [38].

Rigonatti et al. [39] compared the clinical effects of

active prefrontal tDCS vs. a 6-week treatment protocol

with 20 mg/day fluoxetine finding that the effects of both

therapies were similar.

Another study investigated the long-lasting antidepres-

sant effects of tDCS. The authors evaluated a protocol of ten

tDCS sessions with 2 mA [40]. A total of 40 patients with

moderate to severe major depression without current use of

antidepressants were included and randomly assigned to

prefrontal (21 patients), occipital (9 patients), or sham

stimulation (10 patients). Depressive symptoms were

assessed before, immediately after, 15 and 30 days after

stimulation. Only prefrontal tDCS reduced depressive

symptoms significantly—reaching approximately 40 % of

baseline ratings, and these effects were stable 30 days after the

last stimulation session. Loo et al. [41] did not find significant

differences between active tDCS and sham stimulation in a

double-blind randomized study including 40 outpatients with

depression. Treatment was provided for five treatment

sessions, 3 days per week, with anodal stimulation over the

left DLPFC at 1 mA for 20 min. In a more recent trial, this

same group enrolled 64 participants with current depression to
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receive active or sham anodal tDCS to the left prefrontal

cortex (2 mA, 15 sessions over 3 weeks), followed by a

3-week open-label active treatment phase. There was a sig-

nificant improvement in mood after active compared to sham

treatment (p < 0.05).

Ferrucci and colleagues [42] used tDCS in patients with

severe depression applying 2 mA per day, twice a day for

five consecutive days demonstrating an improvement that

reached near 20 % on diminishing depressive symptoms.

Brunoni et al., in a study with 31 patients, found that the

same protocol was effective in patients with bipolar depres-

sion [43], with a mean reduction of 18 % in clinical

symptoms. Another recent open study [44], demonstrated

the efficacy of the same protocol in a group of 23 patients

with refractory depression reducing symptoms in 25 %.

Finally, Martin et al. [45] performed tDCS sessions consec-

utively for 20 days, with 2 mA for 20 min, in 11 patients with

depression. In this open study, which placed the cathode on

the right deltoid muscle, the reduction of symptoms was

around 44 %.

Recently, a systematic review and meta-analysis [46]

reviewed the efficacy of tDCS for MDD treatment, showing

that active vs. sham tDCS is an effective treatment for MDD.

However, there is still a need for further studies investigated

tDCS efficacy in depression, as there was significant

between-study heterogeneity in the reviewed trials.

Deep Brain Stimulation (DBS)
DBS consists on the implantation of an electrode in subcor-

tical areas, with further application of an electrical current of

130–180 Hz. This preferred region is the subgenual cingu-

late area, since this area is hyperactive in depression, with

partial normalization of its activity after antidepressant treat-

ment [47]. The literature concerning DBS for depression is

scarce, since there are few studies on the matter. One recent

open label trial enrolled 17 patients with severe depression

who were followed for 2 years, with significant improve-

ment of mood symptoms [48]. Another study [49] enrolled

six patients with treatment resistant depressive disorder to

receive DBS. The authors found a sustained remission of

depression among four out of six patients and hypothesized

by neuroimaging assessment that disrupting focal activity in

limbic-cortical circuits may be a key target of novel

neuromodulation approaches.

Further follow-up data was obtained from an extended

cohort of 20 patients with treatment resistant depression who

underwent DBS for 3–6 years (mean 3.5 years) showing an

average response rate of 64.3 % and an average remission

rate of 42.9 % in depressive symptoms. Patients showed

considerable improvement in social functioning and in the

degree of involvement in work-related activity [50].

Cranial Nerve Stimulation
Vagus nerve stimulation (VNS) procedure stands for the

disposal of a bipolar electrode around vagus nerve and

further dissemination of low frequency electric pulse from

the nerve towards central nervous system. The stimulation

can be performed in several ways as with surgical implanta-

tion of electrodes around vagus nerve or transcutaneously.

Electric stimulation of the nerve provides direct modulatory

effect in subcortical sites. The specific network activated

during the procedure varies according to certain parameters,

suggesting that with more extensive knowledge, one could

“direct” the VNS signal within groups of patients or even

individually.

Recently, Mohr et al. found, in review of four clinical

trials (n ¼ 355) using VNS for resistant depression, a

steadily increasing improvement of depressive symptoms

after 6–12 months, which sustained up to 2 years follow-

up. Bajbouj and colleagues [51], in an open label study

analyzed 74 patients diagnosed with treatment-resistant

depression, showing clinical response and benign adverse

effects over a 2-year follow-up.

Safety-wise, Gerson et al. [52] described a case in which

VNS treatment in a patient with epilepsy and unipolar

depression was associated with the rapid development of

manic symptoms. Another study described, in a sample of

nine patients, transitional changes of time perception with

vagus nerve stimulation (VNS), which was considered a

minor, but relevant collateral effect [53]. When analyzing

the cardiovascular risk, the same research group pointed

VNS as a safe therapeutic strategy for treating depressive

disorder [54]. Further collateral effects presented in litera-

ture include cough and vocal disturbances.

Another site of stimulation is the trigeminal nerve (TNS),

which is performed in a 120 Hz frequency with pulse wave

duration of 250 μs and cycle of 30 s. Electric stimuli deter-

mine an asymmetrical biphasic pulse wave adjustable from

0 to 100 mA. The trigeminal nerve conveys information to

important structures in the brain including the nucleus

solitarius, the locus coeruleus, the vagus nerve and the

cerebral cortex. It also specifically sends signals to the ante-

rior cingulate cortex, which is involved in mood, attention

and decision-making. Shraeder et al. treated five patients

(60 % female; man age: 49.6 years) with treatment-resistant

depression who received TNS for 8 weeks. The authors

verified depressive-symptoms remission rates up to 70 %

among patients in a 2-month follow-up [55].
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Bipolar Disorder

Bipolar disorder (BD) is a recurrent, chronic and severe

disease. It causes significant impact in the quality of life

and also considerable distress in the relatives of the patients

and in the society in general. The prevalence of the BD in the

USA varies around 0.4–3.7 %. The functional incapacity of

the disease is comparable to most of chronic diseases such as

cardiac conditions, since its comorbid both physical and

psychiatric are due to low adherence in the prescribed

treatment.

Pharmacotherapy

The treatment of bipolar disorder is divided in the acute and

maintenance phases. In the acute phase the objective is to

treat manic/depression symptoms whereas the maintenance

phase aims to decrease relapse with concomitant improve-

ment of general psychological functions. Mainstream treat-

ment is based on the use of mood stabilizers and

antipsychotic agents [56]. These pharmacological groups

have been clinically used as the first-line treatment for bipo-

lar depression, largely because longer-term preventative

therapies with these agents are useful. Depressive episodes

that do not respond to lithium, divalproate, or another mood

stabilizer, or episodes that “breakthrough” despite preven-

tive treatment, often warrant treatment with further

strategies such as antidepressant agents and ECT. Clinical

trials suggest that lithium is superior to placebo in treating

bipolar depression, but the efficacy of lithium in comparison

to antidepressants remains uncertain [57–60].

Electroconvulsive Therapy

Different clinical trials have reported the efficacy of ECT in

bipolar depression. Response rates are quite variable among

studies with a general tendency of satisfactory clinical out-

come. The possibility of shifting from depression to hypo-

mania or mania in patients treated with ECT appears

equivalent to that associated with conventional antidepres-

sant treatment [61]. For the manic episode, ECT is an adju-

vant treatment in manic/mixed acute states. It can also be

used in treatment-resistant patients.

Repetitive Transcranial Magnetic Stimulation
(rTMS)

The physiological rationale concerning the use of rTMS for

treating BD is the same as for MDD: high-frequency stimu-

lation on the left DLPFC and/or low-frequency stimulation

on the right DLFPC. Dolberg et al. [62] randomized 20

patients to receive either active or sham rTMS, finding

superiority for active rTMS [62]. Nahas and colleagues, in

a study with similar design, did not demonstrate efficacy of

the technique in 23 patients with BD [63]. Tamas and

colleagues conducted a study with five patients diagnosed

with bipolar depression in current use of mood stabilizers.

Positive clinical outcomes were observed after 6 weeks of

follow-up [64]. A recent open-label study with 11 subjects

focused on treatment-resistant bipolar depression. The

authors showed improvement in depressive symptoms with

low frequency rTMS over the right DLPFC [65]

(Table 14.5).

A few studies also investigated rTMS for the treatment of

manic episodes. An initial study with 18 patients in mania

demonstrated the clinical efficacy of high-frequency rTMS

in improving manic symptoms [66]. Other two open-label

studies showed significant improvement in manic symptoms

[67] and/or mixed episodes [68] in BP patients. Both studies

applied rTMS in the right DLPFC. In addition, a sham-

controlled study also found significant improvement in

manic symptoms also using high-frequency rTMS in the

right DLPFC [69]. Another study used rTMS for over

2 weeks, finding improvement of manic symptoms [67].

Table 14.5 Summary of rTMS studies with bipolar depression

Study Sample

Age

(years)

Stimulation

site

Stimulation

frequency Design

MEP

(%) Control

Use of

medication

Tamas 2007 [64] 4 44.5 Right

DLPFC

1 Double blind,

randomized

95 1 Sham, 3 active Yes

Dell’Osso 2009

[65]

11 54.4 Right

DLPFC

1 Open label 110 110 Yes

Nahas 2003 [63] 23 43 Left DLPFC 5 Blind, randomized 110 No Yes

Huang 2008

[123]

46 44 Left DLPFC 5 Open label 100 No Yes

Dolberg 2002

[62]

20 54 – – Double blind,

randomized

– 10 Sham, 10

active

–

DLPFC dorsolateral prefrontal cortex, MEP motor evoked potential
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Transcranial Direct Current Stimulation

Currently, there are no trials that investigated tDCS as a

treatment for the manic episode. For the depressive episode,

Brunoni et al. [43] used anodal tDCS over the left DLPFC in

31 patients (14 with BD, 17 with MDD). Depressive

symptoms in both study groups improved immediately

after the fifth session. The beneficial effect persisted after 1

week and 1 month [43].

Schizophrenia

Schizophrenia is a common psychiatric disorder with an

overall prevalence of 1–1.5 % and a chronic course through

life. The disease onset is in early adulthood although pre-

clinical symptoms might be present in childhood and ado-

lescence [70, 71]. Its symptoms can be grouped into three

relatively distinct phenomenological presentations: (a) posi-

tive symptoms, (b) impairment or “negative” symptoms, and

(c) cognitive dysfunction. Positive symptoms are

characterized by hallucinations and delusions; negative

symptoms by impairments in sociability, expression of

affect and motivation; and cognitive dysfunction by deficits

in executive functioning (attention and/or memory) [72, 73].

Diagnostic criteria according to the DSM-IV are based on

the presence of at least two of five symptoms (hallucinations,

delirium, disorganized speech, disorganized or catatonic

behavior and negative symptoms) (Table 14.6) [74]. Tradi-

tionally, positive symptoms occur within the first 10–15

years of the disease, while negative and cognitive symptoms

exhibit a more chronic, persistent, and sometimes progres-

sive presentation [75].

Patients with schizophrenia have, in general, low-

functionality in performing daily life activities, lower quality

of life and greater incidence of comorbidities such as depres-

sive symptoms, substance related disorders, suicidal behav-

ior, and cardiovascular risk [76, 77].

Pharmacological Treatment for Schizophrenia

Approximately 25 % of patients with schizophrenia do not

respond to conventional drug treatment [78]. Several

antipsychotics among “typical” (first generation, developed

between 1950 and 1970) and “atypical” (second generation,

developed since the 1990s) are available for the pharmaco-

logical treatment of schizophrenia. However, recent clinical

studies using some of these drugs have failed to show effi-

cacy of any particular medication. The CATIE study (Clini-

cal Antipsychotic Trials of Intervention Effectiveness),

sponsored by the National Institute of Mental Health

(NIMH) recruited almost 1,500 patients with schizophrenia

to receive olanzapine, quetiapine, risperidone, or

ziprasidone in a double blind, randomized study. The

authors observed high rates of dropouts (74 %), similar

effectiveness among different drugs and relevant collateral

effects such as metabolic and extrapyramidal symptoms

[79]. Another study (the Cost Utility of the Latest Antipsy-

chotic Drugs in Schizophrenia Study [CUtLASS]), spon-

sored by the National Health System (NHS), randomized

227 people with schizophrenia to receive either first or

second generation antipsychotics, which found no

differences in quality of life, symptom improvement, or

financial costs in 1 year of follow-up [80].

One antipsychotic drug, however, needs to be analyzed

separately: clozapine, which is two times more effective

than other antipsychotics, according to a meta-analysis

[81]. Clozapine also seems to be one of the few, if not the

only, antipsychotic that may show some improvement over

negative symptoms [82]. Although effective, clozapine use

is limited by potentially severe collateral effects such as

neutropenia and agranulocytosis. This requires constant

monitoring for leukopenia for patients on clozapine [83].

Other side effects include sedation, drowsiness; drooling

and weight gain [84]. Nonetheless, approximately 40 % of

refractory patients do not respond adequately to clozapine—

a condition known as super-refractory [82].

Table 14.6 Diagnosis criteria for schizophrenia based on DSM-IV [122]

A. Characteristic Symptoms: delusions, hallucinations, disorganized Speech, grossly disorganized or catatonic behavior, negative symptoms of

time during a 1-month period

B. Social/Occupational dysfunction

C. Duration: Continuous signs of the disturbance persist for at least 6 months

D. Schizoaffective and Mood Disorder exclusion

E. Substance/General Medical Condition exclusion

F. Relationship to a Pervasive Developmental Disorder exclusion
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The treatment of schizophrenia usually starts with either a

typical or atypical antipsychotic with expected clinical

response within 4–6 weeks. Further adjustments may be

required and whether symptoms persist, a second antipsy-

chotic is associated. For these cases, lack of clinical response

will characterize refractoriness and clozapine should be,

therefore, recommended over the following 6 months. If

still no response is observed, there are several strategies

available, however, with discrete level of evidence such as

ECT, rTMS, and tDCS.

Electroconvulsive Therapy

Electroconvulsive therapy alone is less effective than

antipsychotics according to trials comparing directly these

two therapeutic modalities [85]. It also has better clinical

response for patients with positive symptoms or catatonic

presentation [11, 86]. In a systematic review performed by

Chanpattana et al. [87], the authors suggested that ECT

might be effective in acute episodes of certain types of

schizophrenia and for the reduction in relapse occurrence.

Repetitive Transcranial Magnetic Stimulation

Several trials evaluated the efficacy of rTMS for auditory

hallucinations (AH) and negative symptoms in schizophre-

nia. For AH, low-frequency rTMS is applied on the left

temporoparietal site. Studies addressing the use of rTMS

for AH mostly target the temporoparietal cortex region

[88], since this area is related to primary auditory

processing. Hoffman et al. [89] conducted a double blind,

cross-over trial with three schizophrenic patients with per-

sistent AH. They used low frequency rTMS (1 Hz) on the

left temporoparietal area (80 % of motor threshold, total of

2,880 pulses). All three patients showed improvement in the

intensity of hallucinations, and two had nearly complete

remission of hallucinations for 2 weeks. Similar results

were found by d’Alfonso et al. [90]. Recently, Hoffman

et al. [91] randomized 20 patients with schizophrenia or

schizoaffective disorder who had refractory AH to receive

either rTMS or sham intervention. The stimulation was

performed at 1 Hz for 9 days with 90 % motor threshold.

These authors found a response (reduction of at least 50 % in

symptoms) in 9 of 12 patients treated with rTMS.

It seems that negative symptoms are related to decreased

activity of the left prefrontal lobe. Cohen et al. [92]

performed the first study showing improvement of negative

symptoms with rTMS. The authors studied six patients with

chronic schizophrenia on standard antipsychotic regimen.

They received high-frequency rTMS for 2 weeks at 80 %

of motor threshold. There was a statistically significant

decline in negative symptoms of Positive and Negative

Syndrome Scale (PANSS) [92]. Nahas et al. [63] conducted

a crossover double-blind study with seven patients with

schizophrenia with predominantly negative symptoms.

Patients were randomized to receive either active vs. sham

rTMS (20 Hz, 100 % motor threshold, 40 pulses at two

second intervals over 20 min, total stimuli: 1,600) over the

left DLPFC. Results showed that active rTMS improved

negative symptoms. A recent meta-analysis was conducted

to assess the efficacy of prefrontal rTMS for treating nega-

tive symptoms of schizophrenia. The authors evaluated nine

trials (n ¼ 213) and found that overall mean weighted effect

size for rTMS vs. sham was statistically significant

(d ¼ 0.43; 95 % CI, 0.05–0.80). Studies with a longer dura-

tion of treatment (>3 weeks) had a larger mean effect size

when compared to studies with shorter treatment duration

[93].

Transcranial Direct Current Stimulation

Hitherto, only one trial investigated tDCS for the treatment

of AH in schizophrenia. Thirty patients with persistent AH

were randomized to receive either active or sham tDCS. The

cathode was placed on the left temporoparietal region and

the anode on the left DLPFC. The rationale was to simulta-

neously perform an inhibitory stimulation over the area

related to positive symptoms (AH) and an excitatory stimu-

lation over the area correlated with negative symptoms.

TDCS was applied twice daily for 5 days. The authors

showed an improvement of AH (primary endpoint) after

the end of stimulation, with sustained clinical response

after 1 and 3 months of treatment [94].

Eating Disorders

Eating disorders present two main diagnostic categories:

anorexia nervosa (AN) and bulimia nervosa (BN). There

are other categories of Eating Disorders (ED) that are not

diagnosis “per se,” but rather include partial characteristics

of AN and BN, referred as Eating Disorders Not Otherwise

Specified.

The DSM-IV criteria for anorexia nervosa consist of

intense fear for gaining weight or becoming fat, distortion

of one’s body shape, intense food restriction, and amenor-

rhea. Bulimia nervosa is characterized by periods of binge

eating when large amounts of food are consumed and a sense

of control is absent. Both can be indulged with different

types of purging behavior to prevent weight gain.

The physical complications of a long-term eating disorder

are important issues, and because of that, anorexia nervosa

and bulimia nervosa are illnesses that should involve a more
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careful approach when considering the course of therapy

applied. With limited resources endorsed by the medical

community in terms of efficient treatment for eating

disorders, neuromodulation techniques may play a role in

unveiling the mechanisms behind cerebral functions and as a

possible strategic therapeutic treatment tool. In this context,

non-pharmacological brain stimulation might aid to over-

come current challenges in treating eating disorders. The

techniques further discussed aim to increase response and

remission rates and also to decrease adverse effects, thereby

increasing treatment adherence.

Pharmacotherapy

When analyzing separately the pharmacotherapy used for

each type of eating disorder, the literature on medications is

sparse and inconclusive [95]. For AN, few trials found

positive results in weight outcome and relapse events, even

though diverse classes of medications were evaluated. AN

might be associated with serotonin dysregulation and often

presents comorbid anxiety, depression, and obsessive-

compulsive disorders. Thus, several studies have examined

the efficacy of SSRIs. It should be noted that SSRIs are

preferable over tricyclics given the more common adverse

effects of the latter [96–98]. Further, there is limited evi-

dence as to whether antidepressants improve the comorbid

disorders as a secondary outcome or if they primarily induce

to weight gain and improvement of dysfunctional cognition

related to eating [99]. In fact, psychotherapy is the main-

stream treatment for AN. Cognitive behavioral therapy

(CBT) is the form of psychotherapy best supported by the

available evidence [100]. There are limitations when consid-

ering psychotherapy, given the cognitive rigidity of patients

with AN, this might reflect its limited progress with the

cognitive component of treatment [101].

In BN, antidepressants show more positive results than

AN [102]. Early studies have analyzed the use of tricyclic

medication, which shows efficacy in decreasing binge

episodes compared to placebo. However, currently the

psychopharmacological research focuses on the SSRIs,

since tricyclic have considerable side effects [103–105].

There are several studies showing that the use of fluoxetine

at 60 mg/day is also successful in reducing binge/purge

frequency as well as concerns with food, drive for thinness

and it has been well tolerated by the patients. CBT is also

used in BN. Currently, fluoxetine and CBT combined are

considered the optimal treatment for BN, although the

remission rates are still below the expected, which maintains

the need for continued new approaches.

Neuromodulation Strategies

In order to summarize the current neuromodulation

techniques, a systematic review of all available studies was

carried through (Table 14.7).

In the reviewed studies, only 6.7 % of patients were

males. Comorbidity with depression occurred in all studies,

except for one, in which no scale was used for assessment.

Anxiety was observed in one study concomitantly with

depression. These data reinforce the general concept that

eating disorders have a significant relationship with mood

disorders.

Craving and purging were the primary outcomes assessed

in studies with BN, and decrease in symptoms was observed

for both. AN was contemplated only in case reports/pilot

studies and outcome assessment varied considerably, but all

articles observed improvement either in one of the criteria:

“feeling full,” concern with shape/body, increase of body

mass index (BMI). Urge to restrict or urge to exercise was

less clear.

The techniques applied appear to be safe and with mini-

mal side effects. Brain modulation might possibly have an

effect in the core symptoms of eating disorders. In the

majority of the studies, samples were small and larger stud-

ies are needed to validate these techniques as adjuvant ther-

apeutic tools. From these preliminary results, it can be

speculated that neuromodulation techniques shed a

promising filed of treatment in a psychiatric disorders that

lacks still nowadays a current effective pharmacological

treatment.

Obsessive Compulsive Disorder (OCD)

Obsessive-compulsive disorder (OCD) has a prevalence of

approximately 2–3 % in the general population [106, 107].

This makes OCD the fourth most prevalent psychiatric dis-

order. Among adults the prevalence is equivalent in men and

women, differing only in adolescents and children with

higher rates for men. The mean age is 20 years. This syn-

drome is characterized by the presence of obsessions and

compulsions sufficiently severe to cause disruption in the

patient’s life, resulting in considerable suffering. Symptoms

are perceived by the patient as intrusive and often cause

significant distress [108] Obsessions are described as

thoughts, images and impulses undesired and repetitive.

Compulsions are behaviors or mental attitudes that the

patient feel compelled to execute. This pattern has the objec-

tive of reducing the anxiety caused by the obsessions

(Table 14.8).
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Pharmacotherapy

Common treatments include the antidepressant clomipra-

mine, followed by the selective serotonin reuptake inhibitors

(SSRIs) such as paroxetine, sertraline, fluoxetine,

citalopram, and fluvoxamine. The protocol used for medical

intervention consists of starting with SSRIs, followed by the

use of three different SSRIs and, after that, by a trial with

clomipramine. The addition of an atypical antipsychotic

such as risperidone can be used [109].

Cognitive-Behavioral Therapy

It is generally agreed that cognitive-behavioral therapy

(CBT) such as exposure and response prevention, should

be the first approach to treatment, along with family

counseling for children and adolescents [110, 111]. For

adults, CBT can be initially combined in association with

pharmacotherapy [111].

Transcranial Magnetic Stimulation

Recent studies have reported mixed findings regarding the

efficacy of rTMS for OCD treatment. For instance, Sachdev

et al. [112] found negative results using high-frequency rTMS

over the DLPFC. Conversely, Nauczyciel et al. [113] found

positive findings when stimulating the orbitofrontal cortex, in

a sham-controlled study. Recently, Volpato et al. [114]

investigated the effects of rTMS and tDCS in a case report.

They suggested tDCS to be more effective than rTMS in

reducing depression and anxiety, although both therapies

had no effect on obsessive-compulsive symptoms.

To conclude, given the heterogeneity of the protocols

used, it is difficult to directly compare the results. This

could indicate that disparate protocols lead to different

outcomes (given that the higher frequency used could

increase the potential of excitability) and, therefore, more

rTMS studies to address the efficacy of the technique are

necessary.

Attention Deficit Hyperactivity Disorder
(ADHD)

ADHD is a syndrome defined by a persistent pattern of lack

of attention and/or hyperactive behavior and impulsiveness,

which tends to be more severe than what should be expected

in children of the same age and in the same level of cognitive

development [115]. Attention Deficit Hyperactivity Disor-

der (ADHD) is one of the most frequently diagnosis made in

neuropsychiatric childhood disorders. A core symptom is a

motor hyperactivity. It accounts for approximately 3–8 % of

the diagnosis made in childhood. Over the past decade the

use of medication for treating ADHD increased

considerably.

Pharmacotherapy

The treatment of ADHD involves a multidimensional

approach combining psychosocial and psychopharma-

cological interventions. When considering the psychosocial

treatment, efforts should be directed towards information

regarding the clinical aspects of the disorder to family

members. A special training program for parents in order

to learn how to manage their children’s symptoms can be

endorsed. The school environment also has to be specialized

for these children, and teachers should have a special train-

ing so that external stimuli can be minimal. Physical

activities are an important therapeutic tool in terms of

enhancing concentration in other school activities. Also, it

can be necessary in some cases psychomotor reeducation for

motor control. In terms of psychosocial interventions, clini-

cal psychotherapy can be introduced to cope with

comorbidities such as depressive and anxiety symptoms,

self-esteem issues, lack of control of hyperactivity, and

impulse symptoms [116].

The psychostimulants are the first line of pharmacologi-

cal treatment for ADHD. Effectiveness is similar for

adolescents and children. Methylphenidate is used between

20 and 60 mg/day (0.3 to 1 mg/kg/day); it acts through

increasing dopaminergic and noradrenergic synaptic efflux

throughout the brain and presents a rapid onset of action

[117].

Neuromodulation Strategies

In a preliminary study, 13 adults, who had ADHD diagnosed

on DSM IV criteria, participated in a double blind

randomized crossover study that compared sham and active

rTMS [118]. There was a specific beneficial effect on atten-

tion 10 min after a real rTMS course with no effect evident in

Table 14.8 Diagnosis criteria for OCD [122]

Either obsessions or compulsions.

At some point during the course of the disorder, the person has

recognized that the obsessions or compulsions are excessive

unreasonable.

The obsessions or compulsions cause marked distress, are time-

consuming.

If another Axis I disorder is present, the content of the obsessions or

compulsions is not restricted to it.

The disturbance is not due to the direct physiological effects of a

substance.
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the sham rTMS. Another study applied rTMS over the right

DLPFC at 10 Hz, with 100 % of the observed motor thresh-

old, for 2,000 pulses per session, in a 10-session course over

2 weeks in a sham-controlled crossover design. The patients

showed no significant difference in symptoms comparing

sham and active stimulation [119]. Niederhofer et al. [120]

applied low frequency at 1 Hz, 1,200 pulses per session for 5

days of rTMS and it was observed improvement in attention

and hyperactivity symptoms that lasted for 4 weeks. Finally,

Bloch et al. [121] found substantial improvement on atten-

tion 10 min after active rTMS. This study applied a single

session of high-frequency of rTMS in the right DLPFC in a

double-blind randomized, sham controlled design. The sham

stimulation had no effect in the analyzed patients [121].

Conclusion

Mental disorders are estimated to be the leading cause of

disability worldwide. Presently there are still important

challenges to optimize psychiatric treatment, which faces

high refractoriness and recurrence rates with well-known

burden for patients, their families, and society.

Neuromodulation strategies have been systematically

addressed as valuable tolls to face these challenges as

shown by clinical and basic scientific investigations. The

development of research in neuromodulation techniques

can impact outcome of different neuropsychiatric

disorders as major depression. Lower costs, a decreased

rate of adverse effects and satisfactory clinical outcomes

have been reassuring tDCS as a relevant issue in current

neuroscience. Further translational research is also crucial

to guide a more practical use of neuromodulation research

findings in clinical psychiatric with a broad understanding

of advantages and limitations inherent to each treatment

strategy. Further research in neuromodulation is a current

challenge in psychiatric scenario.
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