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1. INTRODUCTION 63 

In any given 1-year period, 5.8 percent of the Dutch population suffer from Major 64 

Depressive Disorder (MDD). The economic cost for this disorder is high, but the cost in 65 

human suffering cannot be estimated. MDD often interferes with normal functioning 66 

and causes pain and suffering not only to those who have a disorder, but also to those 67 

who care about them. Serious MDD can destroy family life as well as the life of the ill 68 

person. A recent World Health Organization report predicts that MDD will be the 69 

leading cause of disability and premature death in the industrial world by the year 2020. 70 

Without treatment, ten percent of people suffering from severe MDD commit suicide. 71 

With adequate treatment, the majority of patients with this illness recover.  72 

 73 

1.1 What is depressive disorder? 74 

MDD is manifested by a combination of symptoms (see symptom list) that interfere with 75 

the ability to work, study, sleep, eat, and enjoy once pleasurable activities. Such a 76 

disabling episode of depression may occur only once, but more commonly occurs several 77 

times in a lifetime. In adults, MDD affects twice as many women as men. For both 78 

genders it is most common in those who are 25-44 years of age, but over the age of 65 79 

incidence-rates increase again. Within an entire lifetime, MDD will affect 10%-25% of 80 

women and 5%-12% of men. Those with a parent or sibling who has had MDD may be 1.5 81 

to 3 times more likely to develop the condition than those who do not. 82 

 83 

Diagnosis of Major Depressive Disorder, Single Episode 

Summarized from the Diagnostic and Statistical Manual of Mental Disorders- Fourth Edition. 

 

A. The person experiences a single major depressive episode:  

1. For a major depressive episode a person must have experienced at least five of the nine 
symptoms below for the same two weeks or more, for most of the time almost every day, 
and this is a change from his/her prior level of functioning. One of the symptoms must be 
either (a) depressed mood, or (b) loss of interest. 

a. Depressed mood. For children and adolescents, this may be irritable mood. 

b. A significantly reduced level of interest or pleasure in most or all activities. 

c. A considerable loss or gain of weight (e.g., 5% or more change of weight in a 
month when not dieting). This may also be an increase or decrease in appetite. 
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For children, they may not gain an expected amount of weight.  

d. Difficulty falling or staying asleep (insomnia), or sleeping more than usual 
(hypersomnia). 

e. Behavior that is agitated or slowed down. Others should be able to observe this. 

f. Feeling fatigued, or diminished energy. 

g. Thoughts of worthlessness or extreme guilt (not about being ill). 

h. Ability to think, concentrate, or make decisions is reduced. 

i. Frequent thoughts of death or suicide (with or without a specific plan), or attempt 
of suicide. 

2. The persons' symptoms do not indicate a mixed episode. 

3. The person's symptoms are a cause of great distress or difficulty in functioning at home, 
work, or other important areas. 

4. The person's symptoms are not caused by substance use (e.g., alcohol, drugs, 
medication), or a medical disorder. 

5. The person's symptoms are not due to normal grief or bereavement over the death of a 
loved one, they continue for more than two months, or they include great difficulty in 
functioning, frequent thoughts of worthlessness, thoughts of suicide, symptoms that are 
psychotic, or behavior that is slowed down (psychomotor retardation). 

 
B. Another disorder does not better explain the major depressive episode. 
 
C. The person has never had a manic, mixed, or a hypomanic Episode (unless an episode was due 
to a medical disorder or use of a substance). 
 
Major Depressive Disorder, Recurrent: 
All of the above criteria apply, except with regard to criteria A there have been two or more 
major depressive episodes with at least two months in between in which no major depressive 
episode was present. 
 84 
 85 
1.2 What is refractory depressive disorder? 86 

Although the therapeutic armamentarium available for clinicians treating MDD patients 87 

has expanded substantially over the last decades, treatment resistant or ‘refractory’ 88 

MDD in its broadest sense still characterizes a significant number of patients in therapy. 89 

Refractory MDD is a term used in clinical psychiatry to describe cases of MDD that do 90 

not respond to typical modes of treatment, such as psychotherapy and common 91 

antidepressants such as SSRIs and tricyclic antidepressants (TCAs). Furthermore, most 92 

of the refractory MDD patients do not respond to classical Monoamine Oxidase A 93 
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Inhibitors (MAO-I) and/or Electroconvulsive therapy (ECT; see below). About 50% of 94 

the patients treated for MDD do not respond satisfactorily to the first antidepressant 95 

prescribed. There are individuals (up to 15% of patients) for whom multiple 96 

interventions will be unhelpful and who will have significant depression despite 97 

aggressive pharmacologic and psychotherapeutic approaches.  98 

 99 

1.3 What are treatment options for refractory depressive disorder? 100 

Treatment of refractory MDD most commonly involves ECT and use of non-standard 101 

medications, but may also involve more intrusive interventions such as vagus nerve 102 

stimulation. ECT is useful, particularly for individuals whose depression is severe or life-103 

threatening, or complicated with psychotic features , nevertheless, between 10-40% of 104 

patients do not fully recover after ECT. Furthermore, ECT has a high relapse-rate, 105 

especially when not followed by maintenance pharmacological therapy. In case of 106 

response to acute ECT, followed by relapse (despite adequate pharmacotherapy), 107 

continuation or maintenance ECT is performed, with biweekly to monthly ECT-sessions, 108 

sometimes lifelong.  109 

 110 

1.4 Neurosurgery for refractory depressive disorder 111 

For a small proportion of the refractory DD patients, neurosurgery is a last resort. 112 

Physicians familiar with neurosurgery are convinced that, drawing on their clinical 113 

experience, highly selective and stereotactically produced lesions in the brain can benefit 114 

a number of carefully selected, chronically ill psychiatric patients. A clinically significant 115 

response after neurosurgery is reported in about 30-50% of the patients. The highest 116 

response is seen in patients with lesions in the anterior limb of the internal capsule. 117 

Lesions are either made by thermocoagulation of by radiosurgical means using the 118 

Leksell Gamma Knife. Controlled studies of these procedures have not been conducted, 119 

but Sakas et al (2007) has reviewed the results of 213 cases and found satisfactory 120 

results in 63% of the cases. [1] Other stereotactic surgical interventions include 121 

subcaudate tractomy, cingulotomy and limbic leukotomy. Although the methods may 122 

vary, all these ablative procedures create a lesion in the brain by various methods. 123 

Besides the risks of any intracranial surgery, these lesions have a low occurrence rate of 124 

unwanted mental side effects, but the great disadvantage of lesioning parts of the brain 125 
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is its irreversible nature. Therefore, for a small proportion of the refractory MDD 126 

patients, neurosurgery is a last resort. 127 

 128 

1.5 What is Deep brain stimulation?  129 

Recently, a potentially ‘non-destructive’ alternative to ablative neurosurgery has 130 

emerged: deep brain stimulation (DBS). DBS uses a lead just larger than 1 mm in 131 

diameter implanted stereotactically into specific brain targets. The stimulating leads are 132 

connected to pulse generators typically placed in the chest. The leads themselves have 133 

several independently programmable electrode contact sites, which means that the 134 

anatomical extent of the stimulation is adjustable. The frequency, intensity, and pulse 135 

width are also programmable. DBS does not damage brain tissue  and the stimulation 136 

itself can be modified or discontinued in the event of side effects. The device can even be 137 

removed if necessary. The major risks of device implantation are hemorrhage and 138 

infections. Experience with DBS for movement disorders, however, indicates that the 139 

incidence of these risks is low: approximately 1%. Therefore, DBS is accepted as a safer, 140 

more advantageous alternative to a permanent brain lesion. The adjustability of the 141 

stimulation parameters over time, to maximize clinical benefit while minimizing adverse 142 

side effects, and the reversibility of this procedure, with the potential to benefit from 143 

drugs developed in the future, are potential advantages of DBS.  144 

1.6 Deep brain stimulation for refractory depressive disorder 145 

Presently there is anecdotal evidence that DBS is effective in patients with refractory 146 

MDD. Interestingly, signs and symptoms of severe depression can be (reversibly) 147 

induced in PD patients undergoing DBS [2], likely because of inadvertent stimulation of 148 

limbic portions of the STN, the adjacent ZI, or SNr. The insight that focal brain 149 

stimulation can profoundly alter limbic function suggests that DBS of the limbic circuitry 150 

(at other targets) could be used to treat MDD in patients who suffer from intractable 151 

forms of the disease. Although earlier single case studies have reported that DBS of 152 

mesothalamic targets or of the inferior thalamic peduncle is effective against reactive 153 

MDD in patients with chronic pain [3], or single MDD [4], respectively, the precise 154 

target has not been well defined. In a recent study involving six patients with refractory 155 

depression, it has been shown that DBS of the white matter in the subgenual cingulate 156 

region (area 25) can produce very significant clinical benefits [5]. This target was chosen 157 
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after a series of neuroimaging studies, which showed that area 25 is overactive in 158 

depression, and remains overactive in refractory MDD patients. A region in the rostral 159 

cingulate gyrus has also been proposed as a possible target for DBS in depression [6]. In 160 

addition, a recent preliminary report of 3 patients showed DBS of the nucleus 161 

accumbens to be effective as well [7]  162 

 163 

1.7 Bilateral accumbens stimulation for refractory depressive disorder 164 

The target of the current study will be the nucleus accumbens. The nucleus accumbens is 165 

an important part of what is known as the "reward system". It ensures that we remember 166 

good experiences and puts us in a state of pleasurable anticipation. Without the reward 167 

system we would not make plans for the future, simply because we could not enjoy the 168 

fruits of these plans. Inactivity and inability to enjoy things are two important signs of 169 

MDD. The conclusion is therefore obvious that the nucleus accumbens plays a key role in 170 

the genesis of the disease. Preliminary data in three patients has shown efficacy of DBS 171 

in three MDD patients [8] , and experience in our current study stimulating the 172 

accumbens for obsessive-compulsive disorder (OCD) patients shows improved mood in 173 

14 out of 16 cases as well.  174 

 175 

1.8 Ethical considerations regarding DBS in neuropsychiatry 176 

The previous era of psychosurgery ended in the 1970s because of severe condemnation 177 

of the excessive and indiscriminate use of these procedures, their disappointing 178 

outcomes, and the lack of patient protection. It may seem surprising, then, that 179 

neurologists, neurosurgeons, and psychiatrists are again exploring such surgical 180 

procedures for severe psychiatric disorders, such as OCD, Tourette syndrome (TS), and 181 

MDD. The acceptance of DBS is due to several facts, including (1) the failure of existing 182 

drugs to deal effectively with the psychiatric condition in a subset of treatment refractory 183 

patients, (2) the remarkable success of DBS procedures in treating movement disorders, 184 

(3) the relatively less invasive and reversible nature of DBS, (4) the greater public 185 

awareness of the enormous lifelong burden of these disorders on patients and their 186 

caregivers, and (5) the greater scrutiny and protection of patient rights. DBS procedures 187 

for neuropsychiatric conditions remain strictly experimental at this point. Use of DBS in 188 

neuropsychiatric diseases is based on findings suggesting that these conditions are, at 189 

least partly, due to abnormalities within the nonmotor basal ganglia circuits, most 190 

prominently the limbic circuitry.  191 
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 192 

2. OBJECTIVES 193 

 194 

The primary objective of the present study is to assess efficacy of DBS in the nucleus 195 

accumbens for patients with refractory MDD. Secondary objectives are the evaluation of 196 

long term efficacy and tolerability of DBS for patients with therapy refractory MDD.  197 

 198 

3. PROCEDURE 199 

The study comprises 5 sequential phases  200 

 201 

1. 2. 3. 4. 5. 

Preoperative 

phase 

Surgery 

phase 

Optimization 

phase 

Double blind 

phase 

Maintenance 

phase 

 202 

3.1 Preoperative phase 203 

Six weeks prior to surgery, any existing medication is tapered off to the minimum 204 

effective dosage regimen and maintained at this level throughout the entire study. 205 

Psychometric assessments will be conducted twice, four weeks apart, when the stable 206 

dosage regimen has been implemented. Baseline neuropsychological tests and tasks will 207 

also be performed during this period (see study schedule). Standard psychiatric care will 208 

be available to all patients throughout this period and if necessary patients may be 209 

hospitalized at the psychiatric department of the AMC. 210 

Neuro imaging, psychometric assessments, neuropsychological tests and affective 211 

information processing tasks will be conducted during this period which will be 212 

described in an amendment. 213 

3.2 Surgery  214 

The implantation of the electrodes will be performed according to standard procedures 215 

using the stereotactic method. Under local anaesthesia, a stereotactic frame is attached 216 

to the skull, providing a Cartesian coordinate system for all points within the stereotactic 217 

space (i.e. the skull and all of its contents). Thereafter, a MRI-scan is made. The anterior 218 

and posterior commissures, as well as the anterior part of the internal capsule are 219 

identified on the 3-dimensional reconstruction of the MRI. The stereotactic coordinates 220 
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of the position of the nucleus accumbens (NAc) on both sides of the brain are calculated, 221 

using the spatial relationship between the NAc and the commissures as obtained from a 222 

standard stereotactic atlas. The planning software of the 3-dimensional imaging 223 

program is used to determine the optimal trajectories for electrode implantation through 224 

the brain, in such a way that the deepest of the four electrical contacts of the electrodes is 225 

positioned in the NAc, with the preceding three electrode contacts positioned in the 226 

anterior part of the internal capsule. Thus, a path is obtained for each electrode with 227 

both an entry point in the skull and a target point in the NAc. 228 

The patient is transported to the Operation Room (OR), where the stereotactic arc is 229 

attached to the frame, after which the location of the burr hole for electrode 230 

implantation can be identified. After a small incision in the skin is made bilaterally, two 231 

frontal burr holes are made and the dura is opened. The electrodes are inserted, after 232 

which brief exploratory trial stimulation can be performed to confirm the absence of side 233 

effects of stimulation at the target site. The electrodes are then fixed to the skull and the 234 

incisions are closed. Under general anaesthesia the distal part of the electrodes are 235 

connected to extension cables. Theses cables are tunnelled under the skin to the 236 

infraclavicular region, where they are connected to the stimulators, which are placed in a 237 

subcutaneous pocket bilaterally. Directly after surgery, a CT-scan is made which is used 238 

to verify the correct position of the electrode. To this end, the CT is fused with the 239 

stereotactic 3-D volumetric MRI using standard image fusion techniques.  240 

Electrodes (Model 3389, Medtronics Inc. Mineapolis, MN, USA) will be implanted 241 

bilaterally and connected to Soletra  DBS stimulators (Medtronics, Inc. Mineapolis, MN, 242 

USA).  243 

 244 

3.3 Optimization period 245 

After recovery from surgery, testing for optimal stimulation parameters will be 246 

performed during a variable period ranging from 1-3 months. Stimulation parameters 247 

(principally stimulation site by choosing the best contacts, frequency, amplitude, pulse 248 

width and stimulation mode, viz multipolar, bipolar or monopolar) will be optimized by 249 

the psychiatrist during this period. Stimulation parameters include a frequency of 2-128 250 

Hz, a voltage range of 0-10 V and pulse widths ranging from 60-450 µseconds. The 251 

stimulators are programmed via a portable device that communicates with the 252 

implanted generators via telemetry.  Optimization will be based on the changes in 253 
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severity assessed with the Hamilton Depression rating scale (HDRS) and the 254 

Montgomery-Asberg depression rating scale (MADRS). If necessary, adjustment will be 255 

made every week for a period of up to 3 months. Contact combinations with the best 256 

treatment outcome will be used in the subsequent double-blind phase. Optimization will 257 

be performed on an outpatient basis, but if necessary patients may be hospitalized for a 258 

short period at the psychiatric department of the participating centers. 259 

Patients enter the next phase of the study after the optimization period is completed, 260 

which is (1) after three months of trial stimulation during which the stimulation 261 

parameter settings are determined that give the best clinical improvement, or (2) earlier 262 

when a >50% reduction of the HDRS (primary outcome measure) has been reached.  263 

  264 

3.4 Double blind assessment period 265 

The efficacy of DBS is evaluated in a randomized double blind, two-phase cross-over 266 

design. Patients are randomly allocated to two periods of two weeks with the stimulators 267 

in the ‘on’ position in one period and in the ‘off’ position in the other. The order of these 268 

periods is randomly assigned. The psychiatrist responsible for the treatment will turn 269 

the stimulator ‘on’ or ‘off’ according to a computer generated randomization table, but 270 

the investigators responsible for assessments are blind to the position of the stimulator. 271 

The stimulation parameters are kept constant if possible during the treatment phases, 272 

but readjustment is possible between the treatment phases if the impedance has 273 

changed. The randomization code can be broken in case of unexpected events by the 274 

investigator. If necessary, patients may be hospitalized for a short period at the 275 

psychiatric department of the AMC. 276 

Neuro imaging, psychometric assessments (including assessment of life-events), 277 

neuropsychological tests and affective information processing tasks will be conducted 278 

during this period at regular intervals as indicated in the study schedule which will be 279 

described in an amendment. 280 

3.5 Maintenance period 281 

The maintenance phase consists of a period of 1 year following the blind assessment 282 

phase. This period will commence, if necessary, with a further optimization of 283 

stimulation parameters. The stimulators are ‘on’ for all patients, but can be switched off 284 
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for a certain period if necessary, and optimization of the parameters during this period is 285 

possible on demand. During the maintenance period patients will be invited to join a 286 

(cognitive) behavioural therapy (BT) program individually designed for post operative 287 

DBS treatment. In general, cognitive behavioral therapy is one of the most promising 288 

types of psychotherapy for MDD. In cognitive behavioral therapy the therapist seeks to 289 

correct negative thoughts or dysfunctional attitudes in order to overcome pessimism and 290 

hopelessness. Furthermore, we will focus on reactivation and rehabilitation of these 291 

patients. Because these patients have been depressed for many years before entering the 292 

study, their illness presumably caused them to retract from normal life and social 293 

functioning. Even when they fully respond to DBS, they will suffer from isolation and 294 

loss of daily activities, for which rehabilitation techniques are required. 295 

Psychometric, psychiatric and neuropsychological tests will be conducted at regular 296 

intervals as indicated in the study schedule.   297 

4. PATIENTS AND METHODS 298 

 299 

A total of 16 treatment-refractory (see below) patients with MDD will be selected to 300 

participate in the study after written informed consent has been obtained. Patients will be 301 

recruited from the program for mood disorders of the AMC Amsterdam.  302 

 303 

4.1 Inclusion criteria 304 

 305 

• Primary diagnosis: MDD (single episode or recurrent; 296.2 or 296.3) according to 306 

the DSM-IV criteria based on a psychiatric interview and the SCID as diagnostic 307 

instrument  308 

• Illness duration > 2 years, chronic MDD 309 

• HAM-D total ≥ 18 (measured twice, at least two weeks apart with the last 310 

assessment just before surgery) 311 

• Disabling severity with substantial functional impairment according to the DSM-IV 312 

criterion C and a Global Assessment of Function (GAF) score of 45 or less  313 

• The level of impairment must have been persistent for at least 2 years 314 

• Age: 18-65 years old 315 

• Written informed consent 316 

• Able to fully understand the consequences of the procedure (IQ > 80)  317 
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• Dutch or English speaking and able to answer the study questions  318 

• Capable to make his or her own choice without coercion   319 

• Treatment refractory defined as failure of: 320 

- At least 2 adequate treatments of at least two distinctly different 321 

classes of 2nd generation antidepressants (SSRI, SNRI, NaSSA) for a 322 

period of 6-8 weeks  323 

  and  324 

- An adequate trial of a TCA 6-8 weeks (at therapeutic drug levels) 325 

  and 326 

- TCA + addition of lithium when tolerable at least 6 weeks at 327 

therapeutic drug levels (>0.6 mmol/L)) 328 

   and  329 

- An adequate trial of a MAOI 330 

  and 331 

- ≥1 session of ECT, for which the series of ECT was terminated either 332 

due to adverse effects or insufficient response (including at least 6 333 

sessions of bilateral ECT).  334 

  or 335 

- Patients who are kept stable with maintenance ECT, but who relapse 336 

after discontinuation of this maintenance ECT are also eligible, but 337 

need to fulfill the above inclusion criteria 338 

 339 

4.2 Exclusion criteria 340 

 341 

• Unstable physical condition 342 

• Organic cause 343 

• Parkinson’s disease, dementia, epilepsy 344 

• Schizophrenia /history of psychosis unrelated to MDD 345 

• Alcohol or substance abuse (including benzodiazepines) during last 6 months 346 

• Current Tic disorder 347 

• Antisocial personality disorder  348 

• Bipolar Disorder 349 

• Pregnancy 350 
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• Mental retardation 351 

 352 

 353 

Caveat Neurosurgery:  354 

 no anticoagulants  355 

 356 

4.3 Efficacy measures 357 

 358 

Primary efficacy measure: 359 

The Hamilton depression rating scale (HDRS; Hamilton, 1960) and the Montgomery 360 

Åsberg depression rating scale (MADRS; Montgomery, 1979). 361 

• Improvement is defined as a drop in HDRS or MADRS of 25–49%  362 
• Response is defined as ≥50% from baseline in HDRS or MADRS 363 
• Remission as HDRS ≤7 or MADRS ≤7.  364 

 365 

Secondary efficacy measures 366 

 367 

• Inventory for Depressive Symptoms (IDS-SR; Rush et al., 1986) 368 

• Hamilton Anxiety Scale (HAM-A)  369 

• Snaith-Hamilton Pleasure Scale (SHAPS; Snaith et al., 1995)  370 

• Symptom Checklist 90 (SCL-90) 371 

• Quality of life enjoyment and satisfaction Questionnaire and MOS SF36  372 

• Sheehan Disability Scale (SDS) 373 

• The Clinical Global Impression (CGI) 374 

 375 

4.4. Personality assessments 376 

Personality changes will be evaluated with Minnesota Multiphasic Personality Inventory 377 

(MMPI- 2) 378 

 379 

4.5. Neuropsychological Investigations (NPI): 380 

The neuropsychological tests before and after treatment will be described in a separate 381 

protocol.  382 

4.6. Neuroimaging: 383 
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Neuro imaging procedures before and after treatment will be described in a separate 384 

protocol. 385 

 386 

4.7. Biochemical measures: 387 

The determination of various biochemical parameters from blood before and after 388 

treatment will be described in a separate protocol. For all patients 14 cc of blood will be 389 

collected for future genetic research. 390 

 391 

5. DATA COLLECTION, STATISTICAL ANALYSES AND SAMPLE SIZE 392 

5.1 Data collection 393 

Date will be collected in a case record form (CRF), containing the clinical characteristics 394 

of the patient, the rating scales, adverse event forms and information on the stimulation 395 

parameters.  396 

All data collected from each subject will be entered legibly and accurately into the 397 

subject file. The files will be kept current to reflect the present status at each phase 398 

during the course of the study. After completion of the study the completed subject 399 

files will be stored in the hospital archives and maintained for a minimum of 15 years. 400 

 401 

5.2 Statistics 402 

The primary outcome is the change on the HAM-D or MADRS and the number of 403 

responders to treatment. Patients are classified as responders to treatment if the HAM-D 404 

or MADRS score decreases 50% or more. 405 

Analyses will be primarily based on the change score of all measures obtained during the 406 

double-blind crossover treatment period comparing the ‘on’ and ‘off’ period. Treatment, 407 

treatment by period and period effects will be analyzed in this period using one-way 408 

ANOVA in completers. 409 

The number of responders in the ‘on’ and ‘off’ period will be calculated and tested with 410 

the Fisher exact test. 411 
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Data of the optimisation and maintenance phase will be presented descriptively as 412 

change from baseline and as the number of patients with a sustained response. 413 

Effects on the MMPI-2, SDS and QoL scales will be analysed with multivariate analysis 414 

of variance on an Intent-to-treat basis. 415 

Statistical analyses will be performed in collaboration with the department of Clinical 416 

Epidemiology and Biostatistics of the AMC in Amsterdam. 417 

 418 

5.3 Sample size 419 

This an explorative trial using a new procedure, which does not permit exact power 420 

calculations. However, we performed a power calculation for the continuous treatment 421 

outcome: taking a reduction of 9 points on the Ham-D as a clinically relevant response 422 

and assuming that the placebo response in this treatment refractory group is almost zero 423 

and assuming (based on drug studies) a standard deviation of 6 points, 16 patients 424 

should be sufficient to assess the potential efficacy of this procedure with a type I error 425 

of 0.01 and a type II error of 0.1. The total study population is enlarged to 26 as 426 

crossover trials are vulnarable to the effects of patient withdrawal, which can be 427 

anticipated if the perceived effects of stimulation are particularly large in the first period 428 

of the crossover.  429 

 430 

6. ADVERSE EVENTS AND DISCONTINUATION 431 

 432 

6.1 Patient withdrawal 433 

Subjects may be withdrawn from the study for the following reasons: 434 

 435 

(a) On request of the subject, at any time. 436 

(b) When a subject does not comply with the directives of the procedures. 437 

(c) When a subject needs other than the allowed medication.  438 

(d) When the investigator or the treating psychiatrist decides this is in the best 439 

interest of the subject. 440 

 441 

 442 
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 443 

 444 

6.2 Reporting of adverse events 445 

 446 

Questioning the subjects in general terms, by questionnaire and by spontaneous 447 

reports of the subjects and by observation will derive information on adverse events. 448 

The investigators will describe any adverse events whether or not related to the study 449 

procedure in the CRF. Medical and scientific judgment should be exercised in 450 

deciding whether other important medical events should be considered serious.  451 

 452 

6.3 Safety committee 453 

 454 

The Department of Epidemiology and Biostatistics at the AMC Amsterdam will serve 455 

as an independent safety committee. This committee shall be composed of at least 456 

one clinician with expertise in MDD and one neurosurgeon and has the following 457 

function and mandates: 458 

 459 

1. Monitoring of (severe) adverse events  460 

2. Monitoring (lack of) efficacy during the study.  461 

3. Judgment whether continuation of the study is ethically justified based on adverse 462 

events and efficacy. 463 

 464 

The final decision to terminate the study will be made by the safety committee after 465 

consultation of the investigators. 466 

 467 

6.4 Premature termination of the study 468 

 469 

In case of premature termination, the investigator will provide a written statement as 470 

to why the termination has taken place. This statement will be documented in the 471 

subject files. The investigator will notify the ethics committee. 472 

 473 

7. ETHICAL CONSIDERATIONS 474 

 475 
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As previously mentioned, DBS is now a conventional therapeutic option for patients 476 

with intractable movement disorders. DBS has therefore become an attractive 477 

therapeutic option in an otherwise untreatable group of patients who experience 478 

tremendous suffering and functional impairment. The interest in DBS for patient 479 

with severe neuropsychiatric illness is now growing rapidly. Such patients likewise 480 

experience extreme distress and inability to participate in social and occupational life. 481 

And, as is true for movement disorders, lesions procedures as a treatment option have 482 

led to the identification of potential anatomic targets for DBS in MDD. In current 483 

practice, patients with extreme severe MDD can only be offered neurosurgery as last 484 

resort. DBS can be a non-ablative, reversible and adjustable alternative for these 485 

patients.  486 

All patients fulfilling the inclusion criteria in this study will be reviewed by an 487 

independent review board, consisting of one psychiatrist, a neurosurgeon and a 488 

psychiatric nurse, not involved in the study and not appointed as independent 489 

physician to the study . Based on all information gathered during the screening phase, 490 

this review board will decide whether inclusion of the patients is ethically justified. 491 

The investigators will comply with their judgment.  492 

This protocol is also in accordance with the principles laid down by the Declaration of 493 

Helsinki. The study will be conducted in accordance to the requirements of ICH Good 494 

Clinical Practice and the recommendations of the World Health Organization.  495 

 496 

7.1 Informed Consent 497 

Before enrollment into the study the investigator will inform every participant about 498 

the nature of the study, its purpose, procedures, expected duration and the benefits 499 

and risks involved in study participation. Each subject will be given the opportunity to 500 

ask questions and will be informed about the right to withdraw from the study at any 501 

time without prejudice. Trial subjects will be given adequate opportunity to read the 502 

information and inquire about details of the study before consent is given. Subjects 503 

will have to voluntary sign and date a written informed consent statement before 504 

participation. The informed consent statement will be signed and dated by an 505 

investigator. The subject will receive a copy of the consent statement.  506 

 507 

7.2 Ethics Review Committee  508 
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The protocol, any protocol amendment, the consent form and the information sheet 509 

will be submitted to the medical ethics committee (MEC) of the AMC Amsterdam for 510 

review and approval. On the approval sheet the trial (title, protocol number and 511 

version) the documents studied (protocol, informed consent material and other 512 

material where applicable) and the date of the review will be clearly stated. After 513 

approval by the MEC of the AMC, the protocol will be subsequently submitted to the 514 

MEC of the St Elisabeth Hospital and the University Hospital Maastricht in order to 515 

judge local feasibility and endorsement of the AMC MEC approval in these centers. 516 

The study will not start until the investigators have received a copy of this written 517 

approval. Complementary information or requirements will be described in an 518 

appendix, where applicable. 519 

 520 

8. REGULATORY REQUIREMENTS AND OBLIGATIONS OF THE 521 

INVESTIGATORS 522 

 523 

For the purpose of ensuring compliance with Good Clinical Practice and regulatory 524 

guidelines, Health Authorities may conduct a site audit or an inspection. By signing 525 

this protocol the investigator agrees to allow regulatory agencies to have direct access 526 

to the study records for review. 527 

 528 

8.1 Confidentiality 529 

All persons involved in the study agree to keep confidential any information 530 

pertaining to the subject's identity, which becomes known to them in the course of the 531 

study. 532 

 533 

8.2 Clinical study report and publication of the study results 534 

The investigators will provide a final clinical study report. Any publication of the 535 

study results will be considered as a collaborative effort between the all investigators. 536 

Authorship shall be determined by mutual consent. 537 

 538 

8.3 Compensation for medicine-induced injury 539 

Investigators and appropriate staff will be indemnified by the treatment center for 540 

liability for medicine-induced injury. Injury resulting from participation in this study 541 

will be covered by an insurance taken out by the hospital for this purpose. 542 
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 543 

8.4 Protocol amendments 544 

The investigator may make no changes or amendments to this protocol after the 545 

protocol has been agreed to and signed by all parties. If an amendment to the 546 

protocol is required a formal amendment procedure will be followed to receive 547 

approval from all authorities who approved of the original protocol. Unless there are 548 

overriding safety-reasons the investigator will wait for signed approval of the 549 

amendment from the ethics committee before proceeding with the clinical study. In 550 

case an amendment may require a change to a consent form, the investigator must 551 

receive approval of the ethics committee of the revised consent prior to 552 

implementation of the change. 553 

 554 

 555 
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1. INTRODUCTION 636 

In any given 1-year period, 5.8 percent of the Dutch population suffers from Major 637 

Depressive Disorder (MDD). The economic cost for this disorder is high, but the cost in 638 

human suffering cannot be estimated. MDD often interferes with normal functioning 639 

and causes pain and suffering not only to those who have a disorder, but also to those 640 

who care about them. Serious MDD can destroy family life as well as the life of the ill 641 

person. A recent World Health Organization report predicts that MDD will be the 642 

leading cause of disability and premature death in the industrial world by the year 2020. 643 

Without treatment, ten percent of people suffering from severe MDD commit suicide. 644 

With adequate treatment, the majority of patients with this illness recover.  645 

 646 

1.1 What is depressive disorder? 647 

MDD is manifested by a combination of symptoms (see symptom list) that interfere with 648 

the ability to work, study, sleep, eat, and enjoy once pleasurable activities. Such a 649 

disabling episode of depression may occur only once, but more commonly occurs several 650 

times in a lifetime. In adults, MDD affects twice as many women as men. For both 651 

genders it is most common in those who are 25-44 years of age, but over the age of 65 652 

incidence-rates increase again. Within an entire lifetime, MDD will affect 10%-25% of 653 

women and 5%-12% of men. Those with a parent or sibling who has had MDD may be 1.5 654 

to 3 times more likely to develop the condition than those who do not. 655 

 656 

Diagnosis of Major Depressive Disorder, Single Episode 

Summarized from the Diagnostic and Statistical Manual of Mental Disorders- Fourth Edition. 

 

A. The person experiences a single major depressive episode:  

6. For a major depressive episode a person must have experienced at least five of the nine 
symptoms below for the same two weeks or more, for most of the time almost every day, 
and this is a change from his/her prior level of functioning. One of the symptoms must be 
either (a) depressed mood, or (b) loss of interest. 

a. Depressed mood. For children and adolescents, this may be irritable mood. 

b. A significantly reduced level of interest or pleasure in most or all activities. 

c. A considerable loss or gain of weight (e.g., 5% or more change of weight in a 
month when not dieting). This may also be an increase or decrease in appetite. 
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For children, they may not gain an expected amount of weight.  

d. Difficulty falling or staying asleep (insomnia), or sleeping more than usual 
(hypersomnia). 

e. Behavior that is agitated or slowed down. Others should be able to observe this. 

f. Feeling fatigued, or diminished energy. 

g. Thoughts of worthlessness or extreme guilt (not about being ill). 

h. Ability to think, concentrate, or make decisions is reduced. 

i. Frequent thoughts of death or suicide (with or without a specific plan), or attempt 
of suicide. 

7. The persons' symptoms do not indicate a mixed episode. 

8. The person's symptoms are a cause of great distress or difficulty in functioning at home, 
work, or other important areas. 

9. The person's symptoms are not caused by substance use (e.g., alcohol, drugs, 
medication), or a medical disorder. 

10. The person's symptoms are not due to normal grief or bereavement over the death of a 
loved one, they continue for more than two months, or they include great difficulty in 
functioning, frequent thoughts of worthlessness, thoughts of suicide, symptoms that are 
psychotic, or behavior that is slowed down (psychomotor retardation). 

 
B. Another disorder does not better explain the major depressive episode. 
 
C. The person has never had a manic, mixed, or a hypomanic Episode (unless an episode was due 
to a medical disorder or use of a substance). 
 
Major Depressive Disorder, Recurrent: 
All of the above criteria apply, except with regard to criteria A there have been two or more 
major depressive episodes with at least two months in between in which no major depressive 
episode was present. 
 657 
 658 
1.2 What is refractory depressive disorder? 659 

Although the therapeutic armamentarium available for clinicians treating MDD patients 660 

has expanded substantially over the last decades, treatment resistant or ‘refractory’ 661 

MDD in its broadest sense still characterizes a significant number of patients in therapy. 662 

Refractory MDD is a term used in clinical psychiatry to describe cases of MDD that do 663 

not respond to typical modes of treatment, such as psychotherapy and common 664 

antidepressants such as SSRIs and tricyclic antidepressants (TCAs). Furthermore, most 665 

of the refractory MDD patients do not respond to classical Monoamine Oxidase A 666 
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Inhibitors (MAO-I) and/or Electroconvulsive therapy (ECT; see below). About 50% of 667 

the patients treated for MDD do not respond satisfactorily to the first antidepressant 668 

prescribed. There are individuals (up to 15% of patients) for whom multiple 669 

interventions will be unhelpful and who will have significant depression despite 670 

aggressive pharmacologic and psychotherapeutic approaches.  671 

 672 

1.3 What are treatment options for refractory depressive disorder? 673 

Treatment of refractory MDD most commonly involves ECT and use of non-standard 674 

medications, but may also involve more intrusive interventions such as vagus nerve 675 

stimulation. ECT is useful, particularly for individuals whose depression is severe or life-676 

threatening, or complicated with psychotic features , nevertheless, between 10-40% of 677 

patients do not fully recover after ECT. Furthermore, ECT has a high relapse-rate, 678 

especially when not followed by maintenance pharmacological therapy. In case of 679 

response to acute ECT, followed by relapse (despite adequate pharmacotherapy), 680 

continuation or maintenance ECT is performed, with biweekly to monthly ECT-sessions, 681 

sometimes lifelong.  682 

 683 

1.4 Neurosurgery for refractory depressive disorder 684 

For a small proportion of the refractory DD patients, neurosurgery is a last resort. 685 

Physicians familiar with neurosurgery are convinced that, drawing on their clinical 686 

experience, highly selective and stereotactically produced lesions in the brain can benefit 687 

a number of carefully selected, chronically ill psychiatric patients. A clinically significant 688 

response after neurosurgery is reported in about 30-50% of the patients. The highest 689 

response is seen in patients with lesions in the anterior limb of the internal capsule. 690 

Lesions are either made by thermocoagulation of by radiosurgical means using the 691 

Leksell Gamma Knife. Controlled studies of these procedures have not been conducted, 692 

but Sakas et al (2007) has reviewed the results of 213 cases and found satisfactory 693 

results in 63% of the cases. [1] Other stereotactic surgical interventions include 694 

subcaudate tractomy, cingulotomy and limbic leukotomy. Although the methods may 695 

vary, all these ablative procedures create a lesion in the brain by various methods. 696 

Besides the risks of any intracranial surgery, these lesions have a low occurrence rate of 697 

unwanted mental side effects, but the great disadvantage of lesioning parts of the brain 698 
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is its irreversible nature. Therefore, for a small proportion of the refractory MDD 699 

patients, neurosurgery is a last resort. 700 

 701 

 702 

1.5 What is Deep brain stimulation?  703 

Recently, a potentially ‘non-destructive’ alternative to ablative neurosurgery has 704 

emerged: deep brain stimulation (DBS). DBS uses a lead just larger than 1 mm in 705 

diameter implanted stereotactically into specific brain targets. The stimulating leads are 706 

connected to pulse generators typically placed in the chest. The leads themselves have 707 

several independently programmable electrode contact sites, which means that the 708 

anatomical extent of the stimulation is adjustable. The frequency, intensity, and pulse 709 

width are also programmable. DBS does not damage brain tissue  and the stimulation 710 

itself can be modified or discontinued in the event of side effects. The device can even be 711 

removed if necessary. The major risks of device implantation are hemorrhage and 712 

infections. Experience with DBS for movement disorders, however, indicates that the 713 

incidence of these risks is low: approximately 1%. Therefore, DBS is accepted as a safer, 714 

more advantageous alternative to a permanent brain lesion. The adjustability of the 715 

stimulation parameters over time, to maximize clinical benefit while minimizing adverse 716 

side effects, and the reversibility of this procedure, with the potential to benefit from 717 

drugs developed in the future, are potential advantages of DBS.  718 

1.6 Deep brain stimulation for refractory depressive disorder 719 

Presently there is anecdotal evidence that DBS is effective in patients with refractory 720 

MDD. Interestingly, signs and symptoms of severe depression can be (reversibly) 721 

induced in PD patients undergoing DBS [2], likely because of inadvertent stimulation of 722 

limbic portions of the STN, the adjacent ZI, or SNr. The insight that focal brain 723 

stimulation can profoundly alter limbic function suggests that DBS of the limbic circuitry 724 

(at other targets) could be used to treat MDD in patients who suffer from intractable 725 

forms of the disease. Although earlier single case studies have reported that DBS of 726 

mesothalamic targets or of the inferior thalamic peduncle is effective against reactive 727 

MDD in patients with chronic pain [3], or single MDD [4], respectively, the precise 728 

target has not been well defined. In a recent study involving six patients with refractory 729 

depression, it has been shown that DBS of the white matter in the subgenual cingulate 730 
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region (area 25) can produce very significant clinical benefits [5]. This target was chosen 731 

after a series of neuroimaging studies, which showed that area 25 is overactive in 732 

depression, and remains overactive in refractory MDD patients. A region in the rostral 733 

cingulate gyrus has also been proposed as a possible target for DBS in depression ([6]. In 734 

addition, a recent preliminary report of 3 patients showed DBS of the nucleus 735 

accumbens to be effective as well [7]  736 

 737 

1.7 Bilateral accumbens stimulation for refractory depressive disorder 738 

The target of the current study will be the nucleus accumbens. The nucleus accumbens is 739 

an important part of what is known as the "reward system". It ensures that we remember 740 

good experiences and puts us in a state of pleasurable anticipation. Without the reward 741 

system we would not make plans for the future, simply because we could not enjoy the 742 

fruits of these plans. Inactivity and inability to enjoy things are two important signs of 743 

MDD. The conclusion is therefore obvious that the nucleus accumbens plays a key role in 744 

the genesis of the disease. Preliminary data in three patients has shown efficacy of DBS 745 

in three MDD patients [8] , and experience in our current study stimulating the 746 

accumbens for obsessive-compulsive disorder (OCD) patients shows improved mood in 747 

14 out of 16 cases as well.  748 

 749 

1.8 Ethical considerations regarding DBS in neuropsychiatry 750 

The previous era of psychosurgery ended in the 1970s because of severe condemnation 751 

of the excessive and indiscriminate use of these procedures, their disappointing 752 

outcomes, and the lack of patient protection. It may seem surprising, then, that 753 

neurologists, neurosurgeons, and psychiatrists are again exploring such surgical 754 

procedures for severe psychiatric disorders, such as OCD, Tourette syndrome (TS), and 755 

MDD. The acceptance of DBS is due to several facts, including (1) the failure of existing 756 

drugs to deal effectively with the psychiatric condition in a subset of treatment refractory 757 

patients, (2) the remarkable success of DBS procedures in treating movement disorders, 758 

(3) the relatively less invasive and reversible nature of DBS, (4) the greater public 759 

awareness of the enormous lifelong burden of these disorders on patients and their 760 

caregivers, and (5) the greater scrutiny and protection of patient rights. DBS procedures 761 

for neuropsychiatric conditions remain strictly experimental at this point. Use of DBS in 762 

neuropsychiatric diseases is based on findings suggesting that these conditions are, at 763 
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least partly, due to abnormalities within the nonmotor basal ganglia circuits, most 764 

prominently the limbic circuitry.  765 

 766 

 767 

 768 

2. OBJECTIVES 769 

 770 

The primary objective of the present study is to assess efficacy of DBS in the nucleus 771 

accumbens for patients with refractory MDD. Secondary objectives are the evaluation of 772 

long term efficacy and tolerability of DBS for patients with therapy refractory MDD.  773 

 774 

3. PROCEDURE 775 

The study comprises 5 sequential phases. 776 

 777 

 778 

 779 

3.1 Preoperative phase 780 

If a patient is a possible candidate for DBS, this patient will undergo an extended 781 

diagnostic intake by the research team to assess whether all in- and exclusion criteria are 782 

met. The diagnostic intake consists of psychiatric interviews, (neuro)psychological 783 

assessments, and a structural MRI scan. This diagnostic intake is a standard extended 784 

diagnostic intake, which is done in complex diagnostic cases. Because of this, no written 785 

informed consent (IC) will be asked of the patients before this intake. Moreover, some 786 

therapy-resistant psychiatric patients might be given false hope by signing an IC for the 787 

DBS study before the diagnostic intake, because it is not certain whether they will be 788 

eligible for DBS. A contra-indication after the intake might result in an increase of 789 

mental stress in these patients. Therefore, only an oral consent for the diagnostic intake 790 

is asked of the patient. 791 

If the patient is indicated for DBS surgery, the patient will be asked for written informed 792 

consent for surgery and research as specified in this protocol. At the same time patients 793 

are also asked to participate in an additional neuropsychological and neuro-imaging 794 

Pre operative 
phase 

Surgery 
phase 

Maintenance 
phase 

Optimization  
phase 

1. 2. 3. 6. 5.
Double blind  

phase 
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study as described in protocol 2009/220 (see paragraph 4.4 and 4.5). Six weeks prior to 795 

surgery, the treating psychiatrist assesses all prescribed psychoactive medication and  796 

tapers them off to the minimum effective dosage regimen, if clinically justified and after 797 

the patient has signed the informed consent. The medication regimens will be kept 798 

stable if possible, but may be changed during the study by the treating psychiatrist on 799 

indication. Psychometric assessments will be conducted when the stable dosage regimen 800 

has been implemented. Baseline psychometric assessments  and tasks (depression and 801 

quality of life scales) will be performed 1-3 weeks prior to surgery (see study schedule). If 802 

patients gave their consent, neuro imaging, psychometric assessments, 803 

neuropsychological tests and affective information processing tasks will be conducted 804 

during this period, which are described in protocol 2009/220. Standard psychiatric care 805 

will be available to all patients throughout this period and if necessary patients may be 806 

hospitalized at the psychiatric department of the AMC.  807 

3.2 Surgery  808 

The implantation of the electrodes will be performed according to standard procedures 809 

using the stereotactic method. Under general anaesthesia, a stereotactic frame is 810 

attached to the skull, providing a Cartesian coordinate system for all points within the 811 

stereotactic space (i.e. the skull and all of its contents). Thereafter, a MRI-scan is made. 812 

The anterior and posterior commissures, as well as the anterior part of the internal 813 

capsule are identified on the 3-dimensional reconstruction of the MRI. The stereotactic 814 

coordinates of the position of the nucleus accumbens (NAc) on both sides of the brain 815 

are calculated, using the spatial relationship between the NAc and the commissures as 816 

obtained from a standard stereotactic atlas. The planning software of the 3-dimensional 817 

imaging program is used to determine the optimal trajectories for electrode 818 

implantation through the brain, in such a way that the deepest of the four electrical 819 

contacts of the electrodes is positioned in the NAc, with the preceding three electrode 820 

contacts positioned in the anterior part of the internal capsule. Thus, a path is obtained 821 

for each electrode with both an entry point in the skull and a target point in the NAc. 822 

The patient is transported to the Operation Room (OR), where the stereotactic arc is 823 

attached to the frame, after which the location of the burr hole for electrode 824 

implantation can be identified. After a small incision in the skin is made bilaterally, two 825 

frontal burr holes are made and the dura is opened. The electrodes are inserted, after 826 

which brief exploratory trial stimulation can be performed to confirm the absence of side 827 
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effects of stimulation at the target site. The electrodes are then fixed to the skull and the 828 

incisions are closed. Under general anaesthesia the distal part of the electrodes are 829 

connected to extension cables. Theses cables are tunnelled under the skin to the 830 

infraclavicular region, where they are connected to the stimulators, which are placed in a 831 

subcutaneous pocket bilaterally. Directly after surgery, a CT-scan is made which is used 832 

to verify the correct position of the electrode. To this end, the CT is fused with the 833 

stereotactic 3-D volumetric MRI using standard image fusion techniques.  834 

Electrodes (Model 3389, Medtronics Inc. Mineapolis, MN, USA) will be implanted 835 

bilaterally and connected to Activa PC DBS stimulators (Medtronics, Inc. Mineapolis, 836 

MN, USA).  837 

 838 

3.3 Optimization period 839 

After recovery from surgery, the stimulation device will stay in off mode during three 840 

weeks in order to overcome direct effects from surgery, which might interfere with 841 

optimization. After these three weeks, psychometric assessments are repeated, and 842 

optimization of the stimulation device will be started immediately. Optimization will be 843 

performed during at least 3 months (12 weeks). If thereafter clinical improvement is still 844 

expected with additional changes in device settings a continuation of the optimization-845 

phase is possible for 9 more months, with assessments of improvement every 2 weeks 846 

until a plateau of effectiveness is reached. If necessary, patients may start additional 847 

behavioural therapy during the optimization period, aimed at re-activation and 848 

improvement of social functioning. Patients enter the next phase of the study after the 849 

optimization period is completed, which is (1) after at least three months of trial 850 

stimulation during which the stimulation parameter settings are determined that give 851 

the best clinical improvement, or (2) when after an elongation of the optimization phase 852 

no (further) clinical improvement can be achieved.  853 

3.4 Double blind assessment period 854 

The efficacy of DBS is evaluated in a 12 week randomized double blind, two-phase cross-855 

over design. Patients are randomly allocated to two periods of maximal six weeks with 856 

the stimulators in the ‘on’ position in one period and in the ‘off’ position in the other. 857 

The order of these periods is randomly assigned. An independent psychiatrist or 858 

psychologist will turn the stimulator ‘on’ or ‘off’ according to a computer generated 859 
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randomization table. The treating psychiatrists and investigators responsible for 860 

assessments are blind to the setting of the stimulator. The stimulation parameters are 861 

kept constant if possible during the treatment phases, but readjustment is possible 862 

between the treatment phases if the impedance has changed. During the double-blind 863 

phase the patients will be monitored weekly by telephone calls of one of the 864 

investigators. The full 6 weeks of the double-blind phases can be ended prematurely 865 

after a minimal period of 1 week, if 1) a relapse of depressive symptoms occurs in 866 

responders (defined by an increases in HDRS by ≥50% and absolute HDRS ≥15), 2) 867 

treating psychiatrists or investigators judge the suffering related to symptom increase to 868 

be too high to continue the current phase (e.g. suicidal ideation increases), or 3) the 869 

patient requests a discontinuation of the phase. In case of premature ending of the first 870 

cross-over phase, the patient will cross-over to the second phase immediately. In case of 871 

premature ending of the second phase, the patient will start the maintenance period 872 

immediately. Treating psychiatrists, investigators and patients will be kept blind, 873 

whether cross-over phases are ended prematurely or not. The randomization code can 874 

only be broken in case of unexpected events by the investigator. If necessary, patients 875 

may be hospitalized for a short period at the psychiatric department of the AMC. 876 

Psychometric assessments (including assessment of life-events) will be conducted 877 

during this period at three times: before the start of the first cross-over phase, and at the 878 

end of both cross-over phases. If the patient has given written consent for protocol 879 

2009/220, neuro-imaging and neuropsychological tests will be performed at the same 880 

times . 881 

3.5 Maintenance period 882 

The maintenance phase consists of a period of 12 months following the blind assessment 883 

phase. This period will commence, if necessary, with a further optimization of 884 

stimulation parameters. The stimulators are ‘on’ for all patients, but can be switched off 885 

for a certain period if necessary, and optimization of the parameters during this period is 886 

possible on demand. During the maintenance period patients will continue their 887 

behavioural therapy (BT) program individually designed for post operative DBS 888 

treatment. If necessary, additional cognitive therapy will be added to address persistent 889 

negative thoughts and/or dysfunctional attitudes. In general, (cognitive) behavioral 890 

therapy is one of the most promising types of psychotherapy for MDD. In cognitive 891 
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behavioral therapy the therapist seeks to correct negative thoughts or dysfunctional 892 

attitudes in order to overcome pessimism and hopelessness. Furthermore, we will focus 893 

on reactivation and rehabilitation of these patients. Because these patients have been 894 

depressed for many years before entering the study, their illness presumably caused 895 

them to retract from normal life and social functioning. Even when they fully respond to 896 

DBS, they will suffer from isolation and loss of daily activities, for which rehabilitation 897 

techniques are required. 898 

Psychometric, psychiatric and neuropsychological tests will be conducted at regular 899 

intervals as indicated in the study schedule.   900 

4. PATIENTS AND METHODS 901 

 902 

A total of 26 treatment-refractory (see below) patients with MDD will be selected to 903 

participate in the study after written informed consent has been obtained. Patients will be 904 

recruited from the program for mood disorders of the AMC Amsterdam.  905 

 906 

4.1 Inclusion criteria 907 

 908 

• Primary diagnosis: MDD (single episode or recurrent; 296.2 or 296.3) according to 909 

the DSM-IV criteria based on a psychiatric interview and the SCID as diagnostic 910 

instrument  911 

• Illness duration > 2 years, chronic MDD 912 

• HAM-D total ≥ 18 (measured twice, at least two weeks apart with the last 913 

assessment just before surgery) 914 

• Disabling severity with substantial functional impairment according to the DSM-IV 915 

criterion C and a Global Assessment of Function (GAF) score of 45 or less  916 

• The level of impairment must have been persistent for at least 2 years 917 

• Age: 18-65 years old 918 

• Written informed consent 919 

• Able to fully understand the consequences of the procedure (IQ > 80)  920 

• Dutch or English speaking and able to answer the study questions  921 

• Capable to make his or her own choice without coercion   922 

• Treatment refractory defined as failure of: 923 
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- At least 2 adequate treatments of at least two distinctly different 924 

classes of 2nd generation antidepressants (SSRI, SNRI, NaSSA) for a 925 

period of 6-8 weeks  926 

  and  927 

- An adequate trial of a TCA 6-8 weeks (at therapeutic drug levels) 928 

  and 929 

- TCA + addition of lithium when tolerable at least 6 weeks at 930 

therapeutic drug levels (>0.6 mmol/L)) 931 

   and  932 

- An adequate trial of a MAOI 933 

  and 934 

- ≥1 session of ECT, for which the series of ECT was terminated either 935 

due to adverse effects or insufficient response (including at least 6 936 

sessions of bilateral ECT).  937 

  or 938 

- Patients who are kept stable with maintenance ECT, but who relapse 939 

after discontinuation of this maintenance ECT are also eligible, but 940 

need to fulfill the above inclusion criteria 941 

 942 

4.2 Exclusion criteria 943 

 944 

• Unstable physical condition 945 

• Organic cause 946 

• Parkinson’s disease, dementia, epilepsy 947 

• Schizophrenia /history of psychosis unrelated to MDD 948 

• Alcohol or substance abuse (including benzodiazepines) during last 6 months 949 

• Current Tic disorder 950 

• Antisocial personality disorder  951 

• Bipolar Disorder 952 

• Pregnancy 953 

• Mental retardation 954 

 955 

 956 
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Caveat Neurosurgery:  957 

 no anticoagulants  958 

 959 

4.3 Efficacy measures 960 

 961 

Primary efficacy measure: 962 

The Hamilton depression rating scale (HDRS; Hamilton, 1960) and the Montgomery 963 

Åsberg depression rating scale (MADRS; Montgomery, 1979). 964 

• Improvement is defined as a drop in HDRS or MADRS of 25–49%  965 
• Response is defined as ≥50% from baseline in HDRS or MADRS 966 
• Remission as HDRS ≤7 or MADRS ≤7.  967 

 968 

Secondary efficacy measures 969 

 970 

• Inventory for Depressive Symptoms (IDS-SR; Rush et al., 1986) 971 

• Quality of life enjoyment and satisfaction Questionnaire and MOS SF36  972 

• Sheehan Disability Scale (SDS) 973 

 974 

4.4. Neuropsychological Investigations (NPI): 975 

The neuropsychological tests before and after treatment are described in protocol 976 

2009/220. 977 

4.5. Neuroimaging: 978 

Neuro imaging procedures before and after treatment are described in protocol 979 

2009/220. 980 

5. DATA COLLECTION, STATISTICAL ANALYSES AND SAMPLE SIZE 981 

5.1 Data collection 982 

Date will be collected in a case record form (CRF), containing the clinical characteristics 983 

of the patient, the rating scales, adverse event forms and information on the stimulation 984 

parameters.  985 

All data collected from each subject will be entered legibly and accurately into the 986 

subject file. The files will be kept current to reflect the present status at each phase 987 
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during the course of the study. After completion of the study the completed subject 988 

files will be stored in the hospital archives and maintained for a minimum of 15 years. 989 

 990 

5.2 Statistics 991 

The primary outcome is the change on the HAM-D or MADRS and the number of 992 

responders to treatment. Patients are classified as responders to treatment if the HAM-D 993 

or MADRS score decreases 50% or more. 994 

Analyses will be primarily based on the change score of all measures obtained during the 995 

double-blind crossover treatment period comparing the ‘on’ and ‘off’ period. Treatment, 996 

treatment by period and period effects will be analyzed in this period using one-way 997 

ANOVA in completers. 998 

The number of responders in the ‘on’ and ‘off’ period will be calculated and tested with 999 

the Fisher exact test. 1000 

Data of the optimisation and maintenance phase will be presented descriptively as 1001 

change from baseline and as the number of patients with a sustained response. 1002 

Effects on the MMPI-2, SDS and QoL scales will be analysed with multivariate analysis 1003 

of variance on an Intent-to-treat basis. 1004 

Statistical analyses will be performed in collaboration with the department of Clinical 1005 

Epidemiology and Biostatistics of the AMC in Amsterdam. 1006 

5.3 Sample size 1007 

This an explorative trial using a new procedure, which does not permit exact power 1008 

calculations. However, we performed a power calculation for the continuous treatment 1009 

outcome: taking a reduction of 9 points on the Ham-D as a clinically relevant response 1010 

and assuming that the placebo response in this treatment refractory group is almost zero 1011 

and assuming (based on drug studies) a standard deviation of 6 points, 16 patients 1012 

should be sufficient to assess the potential efficacy of this procedure with a type I error 1013 

of 0.01 and a type II error of 0.1. The total study population is enlarged to 26 as 1014 

crossover trials are vulnarable to the effects of patient withdrawal, which can be 1015 
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anticipated if the perceived effects of stimulation are particularly large in the first period 1016 

of the crossover.  1017 

6. ADVERSE EVENTS AND DISCONTINUATION 1018 

 1019 

6.1 Patient withdrawal 1020 

Subjects may be withdrawn from the study for the following reasons: 1021 

 1022 

(a) On request of the subject, at any time. 1023 

(b) When a subject does not comply with the directives of the procedures. 1024 

(c) When a subject needs other than the allowed medication.  1025 

(d) When the investigator or the treating psychiatrist decides this is in the best 1026 

interest of the subject. 1027 

 1028 

6.2 Reporting of adverse events 1029 

Questioning the subjects in general terms, by questionnaire and by spontaneous 1030 

reports of the subjects and by observation will derive information on adverse events. 1031 

The investigators will describe any adverse events whether or not related to the study 1032 

procedure in the CRF. Medical and scientific judgment should be exercised in 1033 

deciding whether other important medical events should be considered serious.  1034 

 1035 

6.3 Safety committee 1036 

An independent data safety monitoring board (DSMB) shall monitor efficacy and 1037 

safety issues of the study. The DSMB consists of prof. dr. J. Swinkels (Department of 1038 

Psychiatry) and dr. R. de Bie (Departement of Neurology). The DSMB has the 1039 

following functions and mandates: 1040 

 1041 

1. Monitoring of (severe) adverse events  1042 

2. Monitoring (lack of) efficacy during the study.  1043 

3. Judgment whether continuation of the study is ethically justified based on adverse 1044 

events and efficacy. 1045 

 1046 

The final decision to terminate the study will be made by the safety committee after 1047 

consultation of the investigators. 1048 

 1049 
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6.4 Premature termination of the study 1050 

In case of premature termination, the investigator will provide a written statement as 1051 

to why the termination has taken place. This statement will be documented in the 1052 

subject files. The investigator will notify the ethics committee. 1053 

 1054 

7. ETHICAL CONSIDERATIONS 1055 

 1056 

As previously mentioned, DBS is now a conventional therapeutic option for patients 1057 

with intractable movement disorders. DBS has therefore become an attractive 1058 

therapeutic option in an otherwise untreatable group of patients who experience 1059 

tremendous suffering and functional impairment. The interest in DBS for patient 1060 

with severe neuropsychiatric illness is now growing rapidly. Such patients likewise 1061 

experience extreme distress and inability to participate in social and occupational life. 1062 

And, as is true for movement disorders, lesions procedures as a treatment option have 1063 

led to the identification of potential anatomic targets for DBS in MDD. In current 1064 

practice, patients with extreme severe MDD can only be offered neurosurgery as last 1065 

resort. DBS can be a non-ablative, reversible and adjustable alternative for these 1066 

patients.  1067 

All patients fulfilling the inclusion criteria in this study will be reviewed by an 1068 

independent review board, consisting of one psychiatrist, a neurosurgeon and a 1069 

psychiatric nurse, not involved in the study and not appointed as independent 1070 

physician to the study. Based on all information gathered during the screening phase, 1071 

this review board will decide whether inclusion of the patients is ethically justified. 1072 

The investigators will comply with their judgment.  1073 

This protocol is also in accordance with the principles laid down by the Declaration of 1074 

Helsinki. The study will be conducted in accordance to the requirements of ICH Good 1075 

Clinical Practice and the recommendations of the World Health Organization.  1076 

 1077 

7.1 Informed Consent 1078 

Before enrollment into the study the investigator will inform every participant about 1079 

the nature of the study, its purpose, procedures, expected duration and the benefits 1080 

and risks involved in study participation. Each subject will be given the opportunity to 1081 

ask questions and will be informed about the right to withdraw from the study at any 1082 

time without prejudice. Trial subjects will be given adequate opportunity to read the 1083 
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information and inquire about details of the study before consent is given. Subjects 1084 

will have to voluntary sign and date a written informed consent statement before 1085 

participation. The informed consent statement will be signed and dated by an 1086 

investigator. The subject will receive a copy of the consent statement.  1087 

 1088 

7.2 Ethics Review Committee  1089 

The protocol, any protocol amendment, the consent form and the information sheet 1090 

will be submitted to the medical ethics committee (MEC) of the AMC Amsterdam for 1091 

review and approval. On the approval sheet the trial (title, protocol number and 1092 

version) the documents studied (protocol, informed consent material and other 1093 

material where applicable) and the date of the review will be clearly stated. After 1094 

approval by the MEC of the AMC, the protocol will be subsequently submitted to the 1095 

MEC of the St Elisabeth Hospital in order to judge local feasibility and endorsement 1096 

of the AMC MEC approval in these centers. The study will not start until the 1097 

investigators have received a copy of this written approval. Complementary 1098 

information or requirements will be described in an appendix, where applicable. 1099 

 1100 

8. REGULATORY REQUIREMENTS AND OBLIGATIONS OF THE 1101 

INVESTIGATORS 1102 

 1103 

For the purpose of ensuring compliance with Good Clinical Practice and regulatory 1104 

guidelines, Health Authorities may conduct a site audit or an inspection. By signing 1105 

this protocol the investigator agrees to allow regulatory agencies to have direct access 1106 

to the study records for review. 1107 

 1108 

8.1 Confidentiality 1109 

All persons involved in the study agree to keep confidential any information 1110 

pertaining to the subject's identity, which becomes known to them in the course of the 1111 

study. 1112 

 1113 

8.2 Clinical study report and publication of the study results 1114 

The investigators will provide a final clinical study report. Any publication of the 1115 

study results will be considered as a collaborative effort between the all investigators. 1116 

Authorship shall be determined by mutual consent. 1117 
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 1118 

8.3 Compensation for medicine-induced injury 1119 

Investigators and appropriate staff will be indemnified by the treatment center for 1120 

liability for medicine-induced injury. Injury resulting from participation in this study 1121 

will be covered by an insurance taken out by the hospital for this purpose. 1122 

 1123 

8.4 Protocol amendments 1124 

The investigator may make no changes or amendments to this protocol after the 1125 

protocol has been agreed to and signed by all parties. If an amendment to the 1126 

protocol is required a formal amendment procedure will be followed to receive 1127 

approval from all authorities who approved of the original protocol. Unless there are 1128 

overriding safety-reasons the investigator will wait for signed approval of the 1129 

amendment from the ethics committee before proceeding with the clinical study. In 1130 

case an amendment may require a change to a consent form, the investigator must 1131 

receive approval of the ethics committee of the revised consent prior to 1132 

implementation of the change. 1133 

 1134 

 1135 
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1C. SUMMARY OF CHANGES 1160 

Minor changes (e.g. typos or inclarities for the Medical Ethical Committee) are not listed 1161 

in this summary. Below is a list of changes effecting the DBS treatment and design of the 1162 

study: 1163 

1. The sample size was increased from 16 to 26 patients from v3 to v4 in order to 1164 

increase power to detect changes and compensate for dropouts. 1165 

2. Maximum duration of optimization phase was extended from 3 to 6 months in v4 1166 

of the protocol, which was the protocol in effect when the first patient was 1167 

included. The duration was further extended to 12 months in v5 on basis of 1168 

clinical experience with OCD patients treated by DBS in our center and the first 1169 

depression patients included in this study protocol. 1170 

3. The double blind crossover phases were extended from 2 periods of 2 weeks to 2 1171 

periods of 2-6 weeks from v3 to v4. This was done on basis of the first published 1172 

case series of Mayberg et al. (Neuron 2005; 45(5): 651-660).  In this study DBS 1173 

targeted at the Subcallosal Gyrus was deactivated in 1 of the 6 patients and this 1174 

patient relapsed after 4 weeks of continued effectiveness. As a consequence, a 1175 

sham period of 2 weeks might not have been long enough to detect changes of 1176 

depressive symptoms. We changed the duration of the double blind phases to 1-6 1177 

weeks from v4 to v5, since it was clinically and ethically not feasible to keep some 1178 

patients in (one of) the crossover phases for a minimum of 2 weeks. 1179 

4. Part of the DBS surgery (implanting the DBS electrodes) was done under local 1180 

anesthesia, but this was changed to general anesthesia from v4 to v5. We learned 1181 

by expanded clinical experience it was no longer necessary to implant electrodes 1182 

under local anesthesia. 1183 
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5. In v3 it is stated that the treating psychiatrist randomized the patients to active or 1184 

sham stimulation in the double blind phase (see p.11 of this document). Since the 1185 

actual procedure during the entire study was that an independent psychologist 1186 

randomized patients, we changed this sentence in the protocol in v5.  1187 

6. From the start of the study we did not perform some of the secondary outcome 1188 

measures to prevent overload of this severely ill patient group. This concerned the 1189 

following measures: Hamilton Anxiety Scale, Snaith-Hamilton Pleasure Scale, 1190 

Symptom Check List-90, Minnesota Multiphasic Personality Inventory, and blood 1191 

tests. These tests were formally deleted from the protocol from v4 to v5. 1192 

NB: no changes from v5 to v6, or from v6 to v7 are described in this summary, since 1193 

these changes concerned minor adaptations only (e.g. procedures were clarified in more 1194 

detail on request of the Medical Ethical Committee). These changes did not affect the 1195 

DBS treatment protocol or design of the study. 1196 

 1197 

 1198 

 1199 

 1200 

 1201 

  1202 
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2A. INITIAL STATISTICAL ANALYSIS PLAN 1203 

The initial statistical analysis plan was part of the initial protocol in paragraph 5.2 (see 1204 

also page 15 of this document): 1205 

The primary outcome is the change on the HAM-D or MADRS and the number of 1206 

responders to treatment. Patients are classified as responders to treatment if the HAM-D 1207 

or MADRS score decreases 50% or more. 1208 

Analyses will be primarily based on the change score of all measures obtained during the 1209 

double-blind crossover treatment period comparing the ‘on’ and ‘off’ period. Treatment, 1210 

treatment by period and period effects will be analyzed in this period using one-way 1211 

ANOVA in completers. 1212 

The number of responders in the ‘on’ and ‘off’ period will be calculated and tested with 1213 

the Fisher exact test. 1214 

  1215 
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2B. FINAL STATISTICAL ANALYSIS PLAN 1216 

Data analysis optimization phase 1217 

Results of the optimization phase are analyzed by change of HAM-D, MADRS and IDS-1218 

SR score. This is modeled with 3 linear mixed models, one for every depression scale 1219 

(HAM-D, MADRS and IDS). The depression scale is taken as dependent variable, while 1220 

Intercept and Days from baseline (BL) are included as independent variable. Both 1221 

Intercept and Days from BL are included as random variables with individual subjects as 1222 

grouping variable. In case change of depression score over days might not have a linear 1223 

relationship, the 3 mixed models are also executed with a log transformation of days 1224 

from BL. 1225 

Assumptions of mixed models are: 1) normal distribution of the residuals and random 1226 

effects, and 2) a linear relationship between intercept and change over days exists. For 1227 

each mixed model, normality assumptions are checked visually through QQ plots and 1228 

formally through Shapiro tests. Second, a linear relationship between intercept and 1229 

change over days is visually checked by inspection of individual growth plots. 1230 

In addition, the optimization phase is analysed by describing the count of responders, 1231 

partial responders and non-responders. The definition of responder status is defined on 1232 

basis of percentage reduction of HAM-D score at T2 compared to baseline. In case 1233 

patients have dropped out of the study before T2 or refused to participate at T2, the last 1234 

observation before 1 year of DBS optimization is carried forward to T2. Patients are 1235 

classified as responders if the reduction of HAM-D score is at least 50% compared to 1236 

baseline, and as non-responders if the reduction is less than 50%. In a separate analysis 1237 

patients were classified as partial responders if the reduction lies between 25% and 50%.  1238 

 1239 

 1240 
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Data analysis active / sham crossover phase 1241 

Analyses are primarily based on the change score of all measures obtained during the 1242 

double-blind crossover treatment period comparing the ‘on’ and ‘off’ period. Treatment, 1243 

treatment by period and period effects will be analyzed in this period. Three mixed 1244 

models are executed in order to test for differences of stimulation phase with HAM-D, 1245 

MADRS or IDS score as dependent variable. Independent variables are Intercept, Period 1246 

as factor (levels: T3 / T4), Treatment as factor (levels: Active / Sham), and Period X 1247 

Treatment interaction (to correct for carryover effects). Depression score at T2 is 1248 

included as a covariate, in order to correct for possible differences in depression score at 1249 

the start of the crossover phase between patients randomized to ‘first active, then sham’ 1250 

and patients randomized to ‘first sham, then active’. 1251 

  1252 
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2C. SUMMARY OF CHANGES 1253 

The final statistical analysis plan is essentially a more detailed and updated description 1254 

of the analyses as described in the initial protocol. The final data analysis plan is part of 1255 

our Data Management Plan. This is a list of the changes: 1256 

1. In the initial analysis plan changes of depression scores is stated as one of the 1257 

primary outcomes, but no model is specified. In the final plan this model was 1258 

specified in more detail (i.e. the mixed models described on p.45). 1259 

2. In the final analysis we added ‘partial responders’ as an extra classification next to 1260 

‘responders’ and ‘non-responders’, which were mentioned in the initial plan. This 1261 

was done in order to gain more insight in possible partial improvement in some 1262 

non-responders. 1263 

3. In our initial analysis plan a one-way ANOVA was planned to model differences 1264 

between active and sham stimulation. Following the of advice of the expert 1265 

statistician at our department and the literature, we modified this analysis to a 1266 

more appropriate model accounting for correlated measures of repeated testing 1267 

(i.e. the mixed models described on p. 46). 1268 

4. In the final analysis plan we deleted the Fisher exact test mentioned in the initial 1269 

analysis plan, since Fisher exact tests with a sample of this size can only detect 1270 

differences of large effect sizes and are therefore susceptible to Type II errors. 1271 

 1272 


