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Background

I met Mr. T. for the first time when I was working as a nurse in the psychiatric ward of the 

Academic Medical Center (AMC) in Amsterdam. Mr. T. was 56 years old and suffered from  

obsessive-compulsive disorder (OCD). He was admitted and screened for a new treatment: 

Deep Brain Stimulation (DBS).

 During the day shifts I hardly noticed Mr. T. with the exception of his occasional  

hasty visits to the nurses’ office. The only signs of life I received from him were the mumbling 

and stumbling noises I overheard when I passed his chamber door. During the evening shifts,  

however, he seemed to be more at ease and often wandered around the living room. During 

one of these evenings, we began talking. Although I was familiar with OCD from textbooks: A 

disorder characterized by fear inducing thoughts (obsessions) and repetitive, ritualistic behavior 

(compulsions)(1), it was only during these evening conversations that I began to recognize the 

profound impact that OCD has on a patient’s life.

 Mr. T. explained that before he was diagnosed with OCD, he had lived together happily 

with his wife and two children. He had worked full-time, responsible for facility management in 

a psychiatric hospital. Despite having mild OCD symptoms, he had managed to lead a normal 

live. Still the obsessions of contaminating himself or spreading filth made him very anxious 

causing him to perform a range of compulsive ritualistic behaviors such as hand washing, 

cleaning, and showering. He avoided situations in which he might be contaminated such as 

public toilets and any physical contact with patients as much as possible. Although these 

symptoms did affect his daily life, he was still able to live relatively normally.

 When he was 28, he divorced and also lost his job. These circumstances led to the 

aggravation of his OCD symptoms. His obsessions broadened to contamination by sweat,  

saliva, urine, and sperm and were constantly affecting him. In order to cope with these obses-

sions he had to repeatedly clean everything that he touched; he also had to count and state 

out loud every action he performed (e.g. “1, 2, 3, 4, I washed my fingers, my fingers are clean” ). He 

performed these enunciation rituals to confirm and assure himself that he had not forgotten 

a single action. His hands had become damaged because he had to wash them more than 70 
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times a day. He polluted his house because he could not throw away garbage. He ate less to  

reduce his toilet visits and, consequently, became emaciated. He only left his house when it 

was absolutely necessary, since he had to shower for more than seven hours upon re-entering  

the house. Owing to his anxiety and avoidance of human contact, he became completely  

socially isolated, participated in no hobbies or leisure activities, and developed alcohol depen-

dency as alcohol intoxication temporarily reduced the burden of his OCD symptoms. 

 Between the ages of 30 to 55 years, Mr. T. was treated with multiple pharmacological and 

psychological treatments, and spent several long-term admissions in different OCD hospital – 

all without lasting positive effects on his OCD symptoms. At age 55, he was considered therapy  

refractory, and expected to live with severe OCD symptoms which would severely affect his quality 

of life. 

 Mr. T. did not have high hopes for DBS, but stated he would be happy with some minor  

improvements. During one of our talks, he explained the DBS treatment to me. First, they 

make two holes in the skull, and then two electrodes are implanted in the brain which are  

subcutaneously connected with a brain stimulator placed in the chest. After surgery, he would 

have to visit the outpatient clinic on a bi-weekly basis to adjust the stimulation parameters. 

Once an effect had been observed, Cognitive Behavioral Therapy (CBT) would be added for a 

period exceeding six months. Within that time and in all probability for the rest of his life the 

DBS would be required to stimulate his brain, which would mean he would have to undergo 

several surgeries owing to battery depletion and visit the AMC on a regular basis to ascertain 

whether the DBS was still functioning correctly. This inevitably leads to a lifelong dependency 

on DBS and healthcare in general.

 Hearing the personal history of this particular patient who I had grown to know so well 

during our evening conversations, and knowing, on the other hand, the invasive nature of the 

treatment, I wondered whether Mr. T. would be better off with DBS than without. The surgery, 

 possible side-effects, and the continual presence of an implanted brain stimulator would 

clearly have an impact upon his daily life, independent of the possible positive effects. For 

these reasons, I asked myself several questions: Will the positive effects outweigh the adverse 
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events? Will his quality of life improve? Will he be able to rebuild his life after years of illness? I 

wondered what would happen to Mr. T. when the stimulation was discontinued. In addition, as 

the costs per patient for DBS are high compared with those for pharmaco- or psychotherapy, 

I also wondered whether DBS would be worth the investment. In general, the question was 

whether DBS is, in fact, a valuable addition to the treatment of OCD.  

 Soon after this, I received the opportunity of joining the DBS team at the AMC which is 

considered to be one of the world’s leading groups in the field of DBS treatment for OCD. It was 

during this period that I also obtained the opportunity of beginning a PhD project and investi-

gating the above questions.

Perspectives and outline of the thesis

The answer as to whether DBS is a valuable addition to the treatment of OCD is complex, and 

strongly dependent on the perspective that one adopts. At the beginning of my PhD project, 

almost all DBS research had been performed from the perspective of the professional, with 

symptom reduction and safety as the most important outcomes. The first two randomized 

controlled trials (RCTs) had just been published and indicated that DBS for OCD targeting the 

Nucleus Accumbens (NAc) and the Subthalamic Nucleus (STN) were effective in reducing 

OCD symptoms(2,3). Conversely, two other important perspectives, that of the patient and so-

ciety, had been given little attention. There was only anecdotal information about how patients 

experienced the treatment or the ways in which it influenced their lives. Furthermore, although 

DBS was considered an expensive treatment due to the surgery and costs of the implantable 

device, there was no information available regarding the actual costs or the cost-effectiveness 

of the treatment. These two aforementioned perspectives have been considered a crucial  

addition to the professional’s perspective(4,5), particularly in chronic and invasive treatments 

such as DBS. The main focus of this PhD project, therefore, was to investigate DBS from these 

two perspectives. These two perspectives, in addition to the professional’s perspective are 

integrated to form a holistic perspective, from which we attempt to answer whether DBS is a 

valuable addition to the treatment of OCD. 
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The professional’s perspective

The professional’s perspective refers to the viewpoint of the health professional. Patients who 

are receiving treatment are seen as people with a medical illness which is expressed via signs 

or symptoms, and consistent with a medical diagnosis. Treatment aims are to cure an illness, 

to reduce or stabilize symptoms, and to minimize the side effects. The aim of OCD treatment is 

to reduce the severity of the obsessions and compulsions as much as possible. The severity  

of OCD is commonly assessed using the Yale-Brown Obsessive Compulsive questionnaire 

(Y-BOCS)(6). The rating is performed by a clinician. The Y-BOCS consists of five questions on 

obsessions and five questions on compulsions. The questions are scored on a 4-point Likert 

scale, leading to a maximum score of 40. Therapy for OCD is considered effective if a reduc-

tion of at least 35% on the Y-BOCS is achieved. The standard treatment for OCD consists of a 

stepped care protocol including CBT, two selective serotonin reuptake inhibitors, clomiprami-

ne, and the addition of antipsychotic medication. However, 10% of patients (7) do no respond 

sufficiently to these treatments and remain therapy refractory. DBS is intended for this therapy 

refractory population. From the professional’s perspective, DBS for OCD would be considered 

valuable for these patients when it leads to a symptom reduction of more than 35% on the 

Y-BOCS, against acceptable side effects. Chapter 2 introduces DBS and provides a review of 

the literature on the effectiveness and side effects of DBS for OCD.

The patient’s perspective 

In this thesis, the patient’s perspective refers to the viewpoint of the patient who will receive 

or has received DBS. This perspective is operationalized by measuring Quality Of Life (QOL). 

QOL is defined by the WHO as:

  An individual’s perception of their position in life in the context of the culture and value sys-

tems in which they live and in relation to their goals, expectations, standards and concerns. 

It is a broad ranging concept affected in a complex way by the person’s physical health, 

psychological state, level of independence, social relationships, personal beliefs and their 

relationship to salient features of their environment.(8) 
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Compared to the clinical rating scales, QOL gives a voice to the subjective experience of a  

patient as it quantifies the impact of the benefits and disadvantages of the illness and treat-

ment on the patient’s life. Furthermore, measuring QOL is of significant value in evaluating the 

clinical impact of treatments when it is unlikely that remission will be achieved and patients 

have to come to terms with the remaining symptoms and side effects(9).  

 From the patient’s perspective, DBS for OCD is valuable if QOL improves to a higher 

level than before the treatment. This is investigated in Chapter 3 where we evaluate the short- 

and long-term impact of DBS on QOL. Additionally, in Chapter 4 we investigate the impact of 

an acute interruption of stimulation on psychiatric symptoms and QOL. 

The societal perspective 

The societal perspective refers to the viewpoint of society as a whole and evaluates all costs 

and benefits relevant to society. From this perspective, people, time, and equipment are  

perceived as healthcare resources which are limited; hence, choices must be made  

regarding how and for whom these resources should be used. An economic evaluation, in 

which all relevant costs and benefits for society are taken into account, can inform and assist 

authorities to make better choices. 

 From the societal perspective DBS for OCD would be valuable if it offers health gains 

against acceptable costs. This question is investigated in Chapter 5 by performing an economic  

valuation between DBS and treatment as usual in therapy refractory OCD patients. 

Research questions

Based on the above perspectives, three research questions have been formulated, which are 

answered in this thesis: 1) Is DBS for OCD effective and safe? 2) Does DBS for OCD improve 

QOL in OCD patients? 3) Is DBS for OCD cost-effective? 
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Introduction

Though the armamentarium available for clinicians treating anxiety disorders in the last  

decades has expanded substantially, a small (though significant) number of patients do not 

sufficiently respond to typical modes of treatments such as psychotherapy and pharmaco-

therapy. This often results in hopelessness and marked suffering of patients and intimates. 

For obsessive-compulsive disorder, deep brain stimulation (DBS) has emerged as a promising 

treatment for these therapy-resistant patients. To date, obsessive-compulsive disorder is the 

only anxiety disorder where DBS is utilized. Recently, in animal research an interest has grown 

for DBS as a treatment for other anxiety disorders such as posttraumatic-stress disorder(1). 

These results, however, are preliminary. Therefore this chapter will focus on DBS for obsessi-

ve-compulsive disorder. 

 DBS is a neurosurgical technique involving the implantation of electrodes into  

specific brain regions. The targeted regions are selected according to the type of symptoms 

to be addressed. In order to achieve symptom reduction the electrodes deliver controlled  

electrical pulses. The electrical impulses are generated by one or two pulse generators  

implanted in the chest and connected to the leads by tunneled wires under the scalp and the 

skin of the neck (Figure 1). After implantation the stimulation parameters can be adjusted 

with a portable device to obtain the best effect with the least adverse events (Figure 2). In the 

event of absolute nonresponse and/or the occurrence of persistent serious adverse effects, 

the device may be deactivated permanently or eventually removed, without causing damage 

to the brain. This characterizes DBS as a nondestructive, adjustable, and reversible method of 

intervention. 



22

•  25  •

Figure 1 Deep brain stimulation (Reproduced with permission of Medtronic, Inc.)

Figure 2 Adjustment with portable device.(2)

lead with electrodes

extension cable

implantable
neurostimulator
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Deep Brain Stimulation Through History

DBS in psychiatry has its origin in ablative procedures. In 1935 Egas Moniz (1874–1955)  

performed the first prefrontal lobotomies in 20 psychiatric patients suffering from schizo-

phrenia, bipolar disorder, and anxiety disorder(3). He is regarded by some as the founder of  

modern psychosurgery and earned the 1949 Nobel Prize for the discovery of the therapeutic 

effect of lobotomy. Although effective in some cases, this technical procedure, with operations  

performed merely by eye, became discredited because of the personality changes and  

questions that arose about ethical and scientific standards. A breakthrough came in 1949 

when the French neurosurgeon Talairach (1911–2007) presented the use of a stereotactic 

frame to selectively coagulate the frontothalamic fibers in the anterior limb of the internal 

capsule(4). This discovery replaced the prefrontal leucotomy and was applied for various  

psychiatric disorders such as general anxiety disorder, panic disorder, social phobia, and  

obsessive-compulsive disorder(5,6) . Along with the development of lesioning surgery, the 

use of electricity in health care gained popularity. In 1947 Spiegel (a neurologist) and Wycis  

(a neurosurgeon) at Temple University in Philadelphia described a new stereotactical device 

and its use in humans. They performed intraoperative electrical stimulation to verify the brain 

target prior to lesioning in psychosurgery to minimize the side effects of thalamotomy(7).  

From then on, stimulation was utilized for localization of effective brain areas. Later it was 

used also for therapeutic means in psychiatric, pain, and movement disorders, but the results  

were unreliable or inconsistent(8). In 1987 Benabid and colleagues published their study  

on thalamic DBS in Parkinson patients(9). They reported that during a classic ablative  

thalamotomy for essential tremor, the use of electrical stimulation for localization purposes 

at a frequency higher than 100 Hz acutely and reversibly modified the patient’s tremor. With 

this finding, brain targets that were once used as lesioning targets became new targets for 

high-frequency DBS. To date it is estimated that more than 85,000 patients with movement 

disorder have been treated with DBS.

 Interestingly, clinical observation showed that DBS of movement disorders also  

affected psychiatric symptom changes such as panic attacks, hypomania, mania, apathy,  
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increased suicidal risk, aggression, hallucinations, depression, and pathological gambling(10). 

This finding, together with the hypothesis that obsessive-compulsive disorder is associated  

with dysfunction of the cortico-thalamic circuit, led in 1998 to the first DBS treatment of  

obsessive-compulsive disorder. Today, DBS has virtually replaced ablative lesion techniques  

in stereotactic neurosurgery for both movement and psychiatric disorders. Apart from  

obsessive-compulsive disorder, beneficial effects of DBS have also been reported in therapy- 

refractory depression, eating disorders, and addiction.

DBS and Obsessive-Compulsive Disorder

The standard care for obsessive-compulsive disorder (OCD) comprises pharmacotherapy 

with selective serotonin reuptake inhibitors (SSRIs) and cognitive-behavioral therapy (CBT).  

However, even when the best available treatments are applied, approximately 10% of patients 

remain severely affected and suffer from treatment-refractory OCD(11), resulting in marked 

suffering and impairment in self-care, work, and social life(12). Based on published trials and 

case studies, it is estimated that a total of 120 patients with OCD have received DBS using five 

different brain targets: (1) anterior limb of the internal capsule (ALIC); (2) ventral striatum/ven-

tral capsule (VS/VC); (3) subthalamic nucleus (STN); (4) inferior thalamic peduncle (ITP); and 

(5) nucleus accumbens (NAc). In 2009 the US Food and Drug Administration (FDA) approved a 

humanitarian device exemption for DBS in OCD patients.

 

Team requirements

DBS in OCD requires a multidisciplinary collaboration between the departments of  

neurosurgery and psychiatry. The surgery is performed by a neurosurgeon with specific 

expertise in stereotactic and functional neurosurgery. Performing neurosurgery in awake  

patients poses challenges for the surgeon. Psychological assistance from the psychiatric 

team who are familiar with the patient is therefore recommended as long as the patient is 

awake. 

 DBS programming (see below, section 3, Optimization phase) is carried out during 
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regular follow-up visits by a psychiatrist with specific expertise in the disorder to be treated  

and a team including psychologists or specialized nurses. The team has to be trained to  

assess symptoms and side effects, and has to understand the technical aspects of DBS. Since 

DBS for psychiatric disorders is still an experimental treatment, systematic investigation of its  

efficacy, possible side effects, and underlying mechanisms of action is needed(13), which 

should be carried out by a multidisciplinary investigational team.

Mechanism

Although the mechanism of DBS is still largely unknown, a widely accepted hypothesis is that 

DBS inhibits or functionally overrides the pathological network involved in OCD(14). OCD is 

associated with hyperactivity of the cortical-striatal-pallidal-thalamic-cortical (CSTC) net-

work(15). This CSTC network, involving circuits connecting orbitofrontal cortex (OFC), medial 

prefrontal cortex (mPFC), basal ganglia, and thalamus, is central to OCD pathophysiology and 

treatment response(16). Therapeutic effects of DBS are most likely caused by a combination 

of direct and indirect effects dependent on the specific cytoarchitecture of the stimulated 

brain area. Due to the exponential decrease of field intensity of the electrode, neurons are 

influenced in various ways. In a recent imaging study, Figee and colleagues(17) reported a 

normalization of brain activity around the electrode and in the larger brain circuit. After  

stimulation, brain activity of OCD patients was similar to that of healthy controls. The fast and 

robust decrease of OCD symptoms with DBS could therefore be caused by a recovery of the 

whole circuit that is involved with OCD. The nucleus accumbens (NAc), ventral capsule, ventral 

striatum (VC/VS), the front leg of the capsula interna (AIC), and the subthalamic nucleus (STN) 

are all effective brain regions for normalizing this circuit in DBS for OCD. 

Procedure

The procedure of DBS in OCD consists of four phases: (1) screening, (2) surgery, (3) optimization, 

 and (4) maintenance, which will each be explained below.
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1) Screening phase 

Careful patient selection is key in DBS treatment. Therefore, a psychiatrist with expertise in 

OCD is needed to diagnose the severity of symptoms, presence of comorbidity, and to evaluate  

inclusion and exclusion criteria. Patients should only be included when all other available  

treatments for the disorder have been administered. Additionally, psychological and social  

evaluation is required, preferably by psychologists and specialized nurses, to assess the  

patient’s motivation, support structure, and social functioning. 

Indication

There are three main premises for DBS treatment:

 ā The presence of a primary OCD without major comorbid pathology.

 ā  OCD should be incapacitating, with severity of the disorder objectified by a Yale-Brown 

Obsessive Compulsive Scale (Y-BOCS(18,19); score of at least 28.

 ā  Patients should suffer from treatment-refractory OCD. Treatment refractoriness is  

generally defined by multiple unsuccessful treatment attempts with anti-obsessional 

medication at adequate dosing and duration, as well as CBT. These attempts must  

include: 

 ý  Two attempts at an SSRI, at the maximum dosage for 3 to 6 months (maximum 

dosage for OCD can be double the dose used for depression). 

 ý  One attempt of the tricyclic antidepressant clomipramine at maximum dosage 

for 3 to 6 months.

 ý  At least one atypical antipsychotic augmenter used in conjunction with an SSRI 

or clomipramine.

 ý Six months of CBT under the supervision of a trained clinical psychologist

Contraindications 

 ā  First and foremost, children are to be excluded while there are data demonstrating that 
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OCD improves over the life of an affected individual(20). 

 ā  Patients need to have an IQ over 80 to be considered eligible for giving informed  

consent to the procedure. 

 ā  Clinically significant and unstable neurological or medical illnesses such as significant 

brain atrophy, increased bleeding tendency, low immune function, relevant cerebrovas-

cular disease, or other surgical contraindications.

 ā Pregnancy.

 ā  Antisocial personality disorder, alcohol or substance abuse during the last 6 months, 

acute psychosis (benign and/or hallucinations in the past are not an exclusion  

criterion), or a history of one or more (hypo)manic episodes.

2) Surgery phase

The precise anatomic position of the electrode is calculated beforehand on the basis of  

magnetic resonance (MR) and computer tomography (CT) scans. For lead placement a  

stereotactic head frame is attached to the patient’s skull under local anesthetic, after which 

the patient is imaged with the frame on to localize the target(s). A burr hole is then made in 

the patient’s skull. Stereotactic frame guidance is used to place the lead to the targeted area. 

Once lead placement is confirmed, the lead is secured by closing the burr-hole cover. Next, a 

small incision is made in the subclavicular area to create a pocket and the neurostimulator  

(battery) is placed in the pocket. The lead is then connected to the extension cable, which 

is tunneled under the scalp, the skin of the neck, and down to the pocket. For bilateral  

applications, these steps are repeated for the other side.

 3) Optimization phase

 The optimization phase starts generally 2 weeks after surgery and lasts on average 3 to 6 

months, extending up to 1 year maximum. In this phase the stimulation of the brain area is  

adjusted with a portable appliance communicating with the pulse generator through  

telemetry. Adjustments can be made to the frequency, intensity, pulse width, and location  



22

•  31  •

of neurostimulation. Location is adjusted by activating different electrodes on the lead. Each 

electrode (usually four) can be stimulated separately. Through these adjustments, the stimu-

lation can be modified to optimize the treatment effect and to minimize side effects. When 

adjustment appears to result in a clinically relevant response, the stimulation is maintained 

continuously.

Typical stimulation parameters for DBS in OCD can vary within the following ranges

 ā Frequency between 2 and 185 Hertz 

 ā Current power between 0 and 10 Volts

 ā Pulse widths between 60 and 150 milliseconds

Parameters are typically adjusted on the basis of an individual patient’s response and reported  

side effects such as impulsivity, sleeping problems, or tension. Generally, between 10 and 18  

adjustments are needed, with a 2-week interval between them, before stable settings are  

achieved. Among patients who do not appear to respond after adequate adjustment,   

modification continues until the best outcome is achieved. Once initial symptom reduction  

with DBS has taken place, CBT is added to systematically reduce the compulsions and  

avoidance behavior.

4) Maintenance phase

After the optimization phase patients enter the maintenance phase, where they are seen by 

a psychologist and/or specialized nurses once in 3–6 months to evaluate possible symptom 

changes or side effects and to check neurostimulator status. The neurostimulator lifetime is 

generally 9–18 months depending on parameter settings, after which it needs to be surgically 

replaced. This neurostimulator lifetime in DBS for OCD is distinctly lower compared to DBS for 

movement disorders due to the higher parameter settings for OCD. The recent development of 

rechargeable batteries has prolonged their lifetime to an estimated 9 years, according to the 

manufacturer.
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Efficacy of DBS in OCD

Since all advantageous DBS brain regions (ALIC, VS/VC, STN, ITP, NAc) influence the CSTC 

network, one may assume that this network is involved in the efficacy of DBS. However, since 

different groups stimulate in different areas and use different research designs, one should be 

careful about interpreting the results of different DBS studies for OCD.

 To date, 19 efficacy studies have been published, representing approximately 120  

published cases. In total, seven studies with a randomized controlled trial (RCT) phase were 

identified (Table 1). The RCT studies include a phase where patients are randomly allocated 

to active or sham stimulation to test effectiveness. The two largest RCT studies both report 

the effectiveness of DBS in 16 patients using different brain targets (STN and NAc). A study 

by Mallet and colleagues(21), with DBS targeted at the STN, found an overall average Y-BOCS 

decrease from the active vs. sham stimulation (every 3 months) of 31%, 8.9 points. Denys and 

colleagues(22) stimulating the NAc found an overall Y-BOCS decrease of 25%, 8.3 points, from 

the active vs. sham (every 2 weeks) stimulation. Abelson and colleagues(23) and Huff and 

colleagues(24) found only small changes between active and sham stimulation, while Nuttin 

and colleagues(25) reported significant differences of 38%, 12.4 points, between ON and OFF 

stimulation. The different findings of the RCT phases across studies may be explained by 

the small number of patients, the location of stimulation, and the use of lateral or bilateral  

stimulation.

 Twelve open studies or case reports were identified (Table 2). The largest open study  

was multicenter and reported the long-term effectiveness of 26 patients(28). They found a  

clinically significant symptom reduction and functional improvement in over 60% of the  

patients after 3–36 months of stimulation. Across the different open studies and case reports 

responder rate (Y-BOCS decrease ≥ 35%) ranges from 50% to 100%, with an overall mean of 

68%. It is important to note that these results are subject to publication bias, meaning that it 

could be that only positive results are published as case reports. 
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Table 1 Controlled studies w
ith blinded on/off phase 

Controlled studies

Year
Author

(n)
Target

FU (m
)

FU Δ Y-BOCS All subjects
FU responders

Blinded on/off phase
Y-BOCS on vs. off

1999
N

uttin et al.(26)  
4

A
LIC

N
M

N
A 

N
A

1 patient (duration  

unknow
n) 

N
o Y-BO

CS scores

2003
N

uttin et al.(25)
6

A
LIC

3–
31

N
S 

N
A

4 patients: 3 m
onths on, 

5–10 w
eeks off

19.8 vs. 32.3

2005
A

belson et al. 

(23)

4
A

LIC
4–23

 9.8 pts
2–

50%
4 blinded on/off periods 

(duration unknow
n)

26.5 vs. 29.3

2008
M

allet et al.(21)
16

STN
3

 8.9 pts
N

A
3 m

onths on, 3 m
onths off

19.8 vs. 28.7

2010
G

oodm
an et al. 

(27)

6
VC/VS

12
 15.7 pts

4–
67%

Staggered onset:  

stim
ulation 30 or 60 days 

post-surgery

N
M

2010a
H

uff et al.(24)
10

r-N
Ac 

12
 6.8 pts

1–10%
3 m

onths on, 3 m
onths off

27.9 vs. 31.1

2010
D

enys et al. (22)
16

N
Ac

21
 17.5 pts

9–
56%

2 w
eeks on, 2 w

eeks off
8.3 pts difference 

betw
een on and off

N
ote.a = unilateral stim

ulation, FU
 (m

) = follow
-up (m

onths), N
A = not applicable, N

M
 = not m

entioned, N
S, not significant, Δ

 = change in, responder = ≥ 35%
 Y-BO

C
S  

decrease, A
LIC = anterior lim

b of the internal capsule, STN
 = subthalam

ic nucleus, VC/VS = ventral capsule/ventral striatum
, N

Ac = nucleus accum
bens, r-N

Ac = right 

nucleus accum
bens, responders = intention to treat analysis
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Procedure- and device-related complications

The risk of surgical or hardware complications can be derived from the comprehensive  

experience of DBS for the treatment of movement disorders, since the operating procedures 

are similar. Most common adverse events are infections, misplaced leads, and seizures, which 

can occur in up to 30% of all cases(29). A potential serious risk of the implantation of the 

electrodes is intracerebral hemorrhage. Recent studies in patients with movement disorders 

reported a risk for intracerebral hemorrhage of 0–5%(30,31). In the literature of DBS for OCD 

patients, intracerebral hemorrhage has been solely reported in 1 of 10 patients in a study by 

Greenberg et al.(32) and in 1 patient in the study by Mallet et al.(21). Hardware problems (lead 

breakage and failure of the neurostimulator) following DBS are not uncommon(33), although 

in more recent literature it has rarely been reported.
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Table 2 O
pen case studies

open studies

Year
Author

(n)
Target

FU (m
)

FU Δ Y-BOCS All subjects
Responders (Y-BOCS>35%)

2002
M

allet et al. (34)
2

STN
6

 20 pts
2 (100%

)

2003
A

nderson et al.(35)
1

A
LIC

10
 27 pts

1 (100%
)

2003a  
Sturm

 et al.(36)
5

N
Ac

24 –
 30

no Y-BO
CS scores

3 (60%
)

2004
Fontaine et al.(37)

1
STN

12
 31 pts

1 (100%
)

2004
Aouizerate et al.(38)

1
N

Ac
27

 13 pts
1 (100%

)

2006
G

reenberg et al.(32)
10

VC/VS
36

 12.3 pts
4 (40%

)

2009
Jim

énez-Ponce et al.(39)
5

ITP
12

 17.2 pts
5 (100%

)

2010
G

reenberg, G
abriels

et al. (com
bined)(28)

26
A

LIC/VC/VS
3 –

 36
 13.1 pts

16 (62%
)

2010
Franzini et al.(40)

2
N

Ac
24 –

 27
 13 pts

1 (50%
)

2012
Chabardés et al(41)

4
STN

6
 18 pts

3 (75%
)

2012
Tsai et al.(42)

4
VC/VS

15
 12 pts

3 (75%
)

2012
R

oh et al.(43)
4

VC/VS
24

 32 pts
4 (100%

)

N
ote. a = unilateral stim

ulation, FU
 (m

) = follow
-up (m

onths), N
M

 = not m
entioned, Δ

 = change in, responder = ≥ 35%
 Y-BO

C
S decrease, A

LIC = anterior lim
b of the internal 

capsule, STN
 = subthalam

ic nucleus, VC/VS = ventral capsule/ventral striatum
, ITP = inferior thalam

ic peduncle, N
Ac = nucleus accum

bens, responders = intention to treat 

analysis
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Undesired stimulation effects 

Stimulation-related complications are likely to be more brain target-specific. These effects 

are usually reversible by adjustment or cessation of stimulation parameters. The most com-

monly observed side effect after DBS implantation is transient hypomania, which has been 

reported after stimulation of several targets. However, it seems to occur more in the VC/

VS-NA region(28). Chronic mood improvement is an unintended but favorable side effect of 

DBS because most treatment-refractory OCD patients suffer from comorbid major depressi-

on. Though stimulation cessation can result in severe worsening of mood, this can be rever-

sed by reactivation of the stimulation. DBS has not been associated with cognitive decline 

and/or functional improvement, apart from transient diminished concentration and verbal  

perseverations(28); however, the literature on this subject is scarce. In general, we can state 

that complications may be minimized by optimizing the parameter setting. Therefore, expert 

centers with multidisciplinary teams working in close collaboration are essential. At minimum, 

this team should include neurosurgeons, psychiatrists with expertise in diagnosing and trea-

ting OCD, and neuropsychologists. 

Conclusion

The application of DBS in OCD has a promising prospect. Overall, DBS for OCD is an invasive 

treatment, but for selected patients whose chronic conditions cause suffering and disability, 

it can bring considerable relief and improvement, often after all other measures have failed. 

Nevertheless, one should exercise caution in interpreting the study results due to the different 

designs, small sample sizes, and brain targets used. The side effects are sparse, generally 

mild, and largely reversed by readjusting stimulation. Further research should focus on DBS 

for other therapy-refractory anxiety disorders, optimizing the therapy with respect to target 

location, patient selection and management, and further investigation of its mechanism of ac-

tion. Furthermore, cost-effectiveness studies are necessary to asses the costs and possible 

monetary gains of this treatment in this severely ill population.
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Abstract

Objective 

To evaluate the long-term effects of deep brain stimulation (DBS) on quality of life (QOL) in 

therapy-refractory obsessive–compulsive disorder (OCD) patients.

Design 

16 patients who met Diagnostic and Statistical Manual of Mental Disorders (4th ed) (DSM-IV)  

criteria for OCD and were considered therapy-refractory were treated with DBS. Patients were 

assessed 1 month before device implantation (T0), at 8 months of active stimulation (T1) 

and at 3–5 years of active stimulation (T2). QOL was measured with the WHO Quality of Life  

Scale-Brief Version (WHOQOL-BREF) that covers physical, psychological, social and  

environmental domains. The study was conducted between April 2005 and January 2011 at 

the Academic Medical Center, Amsterdam, The Netherlands.

Results 

At T1 and T2, we found significant improvement (p<0.05) in the general score and in the 

physical, psychological and environmental domains of WHOQOL-BREF. Between T1 and T2, 

the physical and psychological domains improved further (p<0.05). At T2, the general score 

improved by a total of 90%, the physical and psychological domains both improved by 39.5% 

and the environmental domain improved by 16%. The social domain did not change between 

baseline and follow-up assessments.

Conclusions 

In line with symptom improvement, patient’s QOL improved in the general score and in three of 

the four WHOQOL-BREF domains. This suggests that the improvement caused by DBS is not 

limited to symptom reduction alone, but also has a positive influence on patients’ perception 

of their physical, psychological, environmental and global QOL.
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Introduction

Obsessive–compulsive disorder (OCD) is characterized by obsessions ( persistent thoughts) 

and compulsions (repetitive ritualistic behavior). The prevalence of OCD in the general  

population is estimated between 1% and 3%.(1) From previous research, we know that quality 

of life (QOL) in OCD patients is seriously impaired compared with general population.(2–4)  

Treatment options for OCD include cognitive behavioral therapy (CBT) and/or pharmacothe-

rapy. Even when the best treatment options are used, approximately 10% of these patients  

remain severely affected and are considered therapy-refractory,(5) resulting in marked  

suffering and impairment in self-care, work and social life.(6) For these patients, deep brain 

stimulation (DBS), a neurosurgical treatment that involves stereotactic implantation of  

electrodes in specific deep-seated brain regions, has emerged as a new treatment option.  

Recent studies have shown promising results of DBS in OCD,(7–9) indicating an overall  

response rate (Yale–Brown Obsessive Compulsive Scale (Y-BOCS) score decrease >35%) of 

±50%, and a limited number of adverse events.(10)

 Treatment success, however, is not restricted to symptom reduction alone. Patient’s  

perception of treatment outcome, conceptualized as QOL, is becoming an important variable  

in the evaluation of treatment success. Especially in chronic treatments like DBS, it is  

important to know whether the benefits of symptom reduction outweigh the possible  

discomfort caused by the surgery, the device or the stimulation.(11) Furthermore, information 

about how patients’ experience their QOL after surgery may help improve follow-up care. 

 To date, only two studies reported on the impact of DBS on QOL in OCD. Huff et  

al(12) reported improvement in the general score of the Modular System for QOL in nine  

patients after 1 year of unilateral stimulation of the nucleus accumbens (NAc).Goodman et  

al(13) assessed health-related QOL and found improvement in the vitality subscale of the  

Medical Outcomes Study Short Form Health Survey (SF-36) in six patients during a period of  

12 months of bilateral stimulation of the ventral capsule/ventral striatum. In these studies,  

QOL is examined in a small sample population and only touched upon very briefly as a secon-

dary measure spanning over only the first year of treatment. To date, it remains unclear how a  
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longer period of stimulation affects patient’s QOL. The present study describes the short-term 

and long-term QOL outcomes of 16 OCD patients who have been treated with bilateral DBS 

targeted at the NAc. Changes in clinical symptoms of these patients have been extensively  

described earlier.(7) The primary objective of this study was to determine to what extent 

DBS affects QOL over a period of at least 3 years. We investigated also whether symptom  

improvement correlates with improvement in QOL. 

Methods

Patients

Between April 2005 and January 2008, we included 16 patients with severe therapy-refractory  

OCD. For details on inclusion and exclusion criteria, surgical procedure and postoperative  

management, see Denys et al.(7) In brief, patients had to be diagnosed as having primary 

OCD according to Diagnostic and Statistical Manual of Mental Disorders (4th ed) (DSM-IV) 

criteria and score at least 28 points in Y-BOCS. The length of illness had to be at least 5 years. 

Patients had to be considered refractory to at least two treatments with a selective serotonin 

reuptake inhibitor, plus a treatment with clomipramine hydrochloride, plus one augmentation 

trial with atypical  antipsychotics, plus one CBT trial for a minimum of 16 sessions. Bilateral  

implantation of DBS electrodes targeted at the NAc was performed according to standard 

stereotactic procedures.(7) When an initial decrease in symptoms (on an average six points 

in Y-BOCS) was stablished with DBS, usually after 8 weeks of stimulation, a standardized 

CBT program of 60 min a week for 24 weeks was added. Ten patients used psychotropic  

medication before surgery. All of these patients were tapered off their medication prior to  

surgery for safety reasons. After surgery, medication was restarted. When we observed a  

favorable and stable response to DBS treatment, medication was tapered off. This was the 

case in three patients at the first follow-up measurement (8 months after surgery) and in 

five patients at the second follow-up measurement (3–5 years after surgery). All patients  

consented to participate in the study and signed an informed consent form. The study was 

approved by the medical ethical committee of the Academic Medical Center, Amsterdam. 
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Procedure

Psychologists who received training on a regular basis to ensure inter-rater reliability  

administered all scales to patients at three time points: 1 month before electrode implantation 

(T0), after the end of CBT program ca. 8 months after DBS surgery (T1) and between November 

2010 and January 2011 (T2). T2 was after 3–5 years of active stimulation depending on the 

date of patient’s electrode implantation. In the original study of Denys et al,7 patients entered  

after T1 double-blinded, shamcontrolled phase, where stimulation was switched on–off blin-

ded. This phase has not influenced the outcome of T2 because T2 was assessed 2 years later.

Measures

Clinical symptoms

At each time, point severity of obsessive–compulsive symptoms was measured with 

Y-BOCS,(14,15) a 10-item scale with scores ranging from 0 to 40. Depressive symptoms were 

rated with the 17-item Hamilton Depression Rating Scale (HAM-D),(16,17)with scores ranging 

from 0 to 54. Anxiety was evaluated with the Hamilton Anxiety Scale (HAM-A),(18,19) a 14-item  

scale with a range of 0–56. All three scales are widely used and have well established  

psychometrics. On all three measures, higher scores indicate more severe symptoms.

Disability

Disability was measured with the Sheehan Disability Scale (SDS).(20,21) SDS consists of three 

self-rated 10-point Likert response subscales measuring disability in work/school activities, 

social functioning and family relationships. Scores range from 0: no impairment to 10: severe 

impairment. 

Quality of life 

QOL was measured with the Dutch version of WHO Quality of Life Scale-Brief Version  

(WHOQOL-BREF).(22) This translated abbreviated version of WHOQOL-100 QOL assessment 

is a self-administered questionnaire measuring individual’s perceptions of their position in 
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life in the context of the culture and value systems in which they live and in relation to their 

goals, expectations, standards and concerns. WHOQOL-BREF comprises 26 items and are 

all rated on a 1–5 point Likert scale. For example, how much do you enjoy your life? 1=not 

at all, 5=an extreme amount. The rated items are summarized into five scores: one general 

score and four domain scores. The general score consists of two items focusing on global 

level of QOL and satisfaction with health. The four domains are physical (seven items on pain,  

medical assistance, energy, mobility, sleep, ability to perform daily activities and work  

capacity), psychological (six items focusing on negative/positive feelings, body images and 

appearance, concentration, self-esteem and meaningfulness of life), social (three items on  

satisfaction with social support, sexual life and personal relationships) and environmental  

(eight items on financial recourses, safety, physical environment, home environment,  

opportunities for recreation, availability of information, access to health services and  

transport). The score for general QOL ranges from 2 to 10. The transformed score of the four 

domains ranges from 4 to 20. Higher scores indicate a higher perceived QOL. WHOQOL-BREF 

is validated in Dutch language and displays a good content and construct validity and test– 

retest reliability in a psychiatric population.(23)

Statistical analysis

Y-BOCS, HAM-A, HAM-D, SDS and WHOQOL-BREF scores were analyzed using a repeated 

measures analysis of variance with the three time points as within-subject factors. Paired  

samples t tests were used to compare scores at different time points. Variables were tested  

with Shapiro–Wilk test for normality and proved to be normally distributed. Correlation  

between QOL outcome and clinical and demographic characteristics was performed  

with Spearman’s rho to increase robustness of our results, given the presence of outliers  

in a relatively small data set. Data are presented as mean (SD) at a two-tailed 5% level of  

significance. All p values are nominal (not adjusted for multiple comparisons) to preserve  

statistical power. All statistical analyses were conducted using commercially available  

statistical software (SPSS, V.18.0; SPSS Inc, Chicago, Illinois, USA).
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Results

Nine women and seven men were included, with a mean age of 42 ±11.56 years. Their duration 

of illness was 29±12.52 years with a mean age of onset of 14±7.36 years. The mean duration of 

post-surgery follow-up from DBS implantation to last follow-up visit was 4 years and 3 months 

(SD 9.3 months). For an individual overview of the clinical and demographic characteristics of 

our patients, we refer to our original article.(7) Fifteen patients completed all the assessments  

at T0; one patient was excluded because of incomplete data. At T1, two patients were  

excluded; one patient because of incomplete data and one patient did not want to cooperate  

because of disappointment in the effect of treatment. This patient also did not want to  

cooperate at T2. In total, three patients were excluded from QOL analysis.

Clinical symptoms and disability

Repeated measures analysis revealed significant improvement over time in Y-BOCS, HAM-A, 

HAM-D and SDS. These scores are shown in table 1. As reported in our original article,(7) we 

found significant improvement (p<0.05) between T0 and T1 in Y-BOCS, HAM-D, HAM-A and 

SDS. Between T1 and T2, no significant differences were found in the clinical symptom scales 

or SDS (not shown). In terms of response rate (Y-BOCS decrease >35%) at T1, 9 of 16 patients 

were classified as responders. At T2, 11 of 16 patients were classified as responders.
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Table1: Changes on clinical symptom scales and disability over time. 

Repeated measures analysis

T0 (n=16) T1 (n=14) T2 (n=15) (n = 14)

Y-BOCS 33.75 (3.62) 20.71 (10.25) 18.00 (9.20) DF 2, F 24.496, p<0.001

HAM-A 20.88 (5.92) 13.29 (6.64) 13.20 (8.94) DF 2, F 8.132, p=0.002

HAM-D 19.50 (6.70) 13.00 (6.41) 11.40 (8.72) DF 2, F 11.063, p<0.001 

SDS work 8.94 (1.06) 6.29 (3.05) 6.07 (3.22) DF 2, F 9.600, p=0.001

SDS soc. 9.00 (0.97) 5.36 (2.82) 5.33 (3.11) DF 2, F 15.845, p<0.001

SDS fam. 7.88 (1.50) 5.43 (2.82) 4.67 (2.74) DF 2, F 12.631, p<0.001

Legend: T0= one month before device implantation, T1= after eight months of active stimulation, T2= after three to five 

years of active stimulation. Abbreviations: Y-BOCS= Yale-Brown obsessive-compulsive scale; HAM-A= Hamilton Anxie-

ty Scale; HAM-D=  Hamilton Depression Rating Scale; SDS work= Sheehan disability scale domain work; SDS soc.= 

Sheehan disability scale domain social functioning; SDS fam.= Sheehan disability scale domain family relationships 

Quality of life

Baseline scores

Baseline WHOQOL-BREF scores of OCD patients were significantly lower (p<0.01) in all  

WHOQOL-BREF domains compared with a Dutch normative population with comparable age 

and sex characteristics(24) (figure 1). The greatest differences were found in the physical 

domain (mean difference: 5.5 points) and the psychological domain (mean difference: 5.5 

points). The mean differences between baseline scores of DBS group and healthy population 

for the social domain and environmental domain were 3.9 and 3.2 points. 

Longitudinal outcome

Repeated measures analysis revealed significant improvement over time in the general  

WHOQOL-BREF score (F 13.229 DF 2, p<0.001) and in the physical (F 9.67, DF 2, p=0.001),  

psychological (F 16.936, DF 2, p<0.001) and environmental (F 6.751 DF 2, p=0.005) domains. 

The social domain failed to show a statistically significant effect of time across the three  

time points (F 1.883 DF 2, p=0.173) (figure 2). Paired samples t tests revealed the following  

effects (table 2). Between T0 and T1, we found significant improvement in the general score 
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Figure 1: Comparison between baseline scores of the DBS group and a Dutch norm population on the WHOQOL-BREF 

before and after DBS

Legend: Abbreviation: WHOQOL-BREF: World Health Quality of life scale – Range: domain scores 4-20, higher scores 

indicating better quality of life brief version; DBS: Deep Brain Stimulation; Error bars indicate SD.

and in the physical, psychological and environmental domains of WHOQOL-BREF (p<0.05).

 This resulted in improvement at T1 of 74% in the general score, 23% in the physical  

domain, 27% in the psychological domain and 8% in the environmental domain. This improvement  

continued for the physical domain and psychological domain between T1 and T2 (p<0.05).  

Between T0 and T2, we found significant improvement in the general score and in all  

domains except the social domain (p<0.05). At T2, the general score of WHOQOL-BREF sho-

wed a total improvement of 90%. The physical and psychological domains both improved  

by 39.5% and the environmental domain by 16%. The social domain failed to show a  

statistically significant effect between T0 and follow-up assessments. Compared with a Dutch 

normative population, the scores at T2 are still lower (p<0.01) in all the domains (figure 1).  

 Comparing the mean differences in QOL scores between T0 and T1 and T0 and T2  

separately for responders and non-responders, we find the following changes (table 2). The  

mean difference score of responders increased in all domains except in the social domain  

between T0 and T1. The mean difference score of non-responders increased as well in all  

domains except in the environmental domain between T0 and T2. 
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Figure 2: Scores on WHOQOL-BREF over time (n=13)
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Legend: T0= one month before device implantation,T1= after eight months of active stimulation, T2= after three to five 

years of active stimulation. Range: general score: 2-10; domain scores 4-20, higher scores indicating better quality of 

life. Abbreviation: WHOQOL-BREF: World Health Quality of life scale - brief version; (*) p<0.01; Error bars indicate 95% 

confidence interval.
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Table1: Changes on clinical sym
ptom

 scales and disability over tim
e. 

T0 
T1(a)

D
ifference T0-T1(a) 

T2 (b)
D

ifferenceT1-T2
D

ifference T0-T2(b)

G
eneral

3.23 (0.83)
5.62 (2.18) 

*t(12)=-4.17, p=0.005
6.15 (2.11)

*t(12)=-0.86, p=0.41
*t(12)= -4.76, p<0.001

responder 
6.25(2.49)

m
d:-2.88(2.30) 

6.8(1.81)
m

d:-3.4(2.07)

non responder
4.60(1.14)

m
d:-1.60(1.51)

4.00(1.73)
m

d:-1.33(2.31)

Physical
9.45 (2.85)

11.65 (3.46)
*t(12)=-2.51, p=0.028

13.19 (3.42)
*t(12)= -2.36, p=0.036

*t(12)= -3.7, p=0.003

responder
12.71(3.70)

m
d:-2.43(3.82)

14.11(3.12)
m

d:-4.00(3.78)

non responder
9.94(2.44)

m
d:-1.83(1.52)

10.10(2.82)
m

d:-2.86(3.48)

Psychological
8.82 (1.57)

11.23 (3.00)
*t(12)=-3.80, p=0.003

12.31 (2.88)
*t(12)= -2.30, p=0.040

*t(12)= -4.89, p<0.001

responder
12.08(3.26)

m
d:-2.58(2.65)

12.93(2.58)
m

d:-3.80(2.59)

non responder
9.87(2.18)

m
d:-2.13(1.79)

10.22(3.36)
m

d:-2.44(2.69)

Social
10.77 (3.83)

11.38 (4.54)
*t(12)=-0.73, p=0.482

12.31 (3.82)
*t(12)=-1.21, p=0.248

*t(12)= -1.97, p=0.073

responder
11.33(4.45)

m
d:0.17(3.45)

12.13(3.11)
m

d:-1.47(2.84)

non responder
11.46(5.21)

m
d:-1.87(2.02)

12.89(6.58)
m

d:-1.78(3.36)

Environm
ental

12.31 (2.01)
13.25 (2.72)

*t(12)=-2.42, p=0.031
14.31 (3.07)

*t(12)=-1.57, p=0.142
*t(12)= -3.14, p=0.009

responder
14.13(3.17)

m
d:-1.69(1.96)

14.90(2.85)
m

d:-2.65(1.60)

non responder
12.60(1.67)

m
d:-0.50(1.52)

12.33(3.55)
m

d:0.17(3.33)

Legend: T0= one m
onth before device im

plantation, T1= after eight m
onths of active stim

ulation, T2= after three to five years of active stim
ulation. (*) paired sam

ples t-tests; 

(a) nr responders T1 n=8, non-responders T1 n=5; (b) nr responders T2 n=10, non-responder T2 n=3. m
d: m

ean difference.

A
bbreviations: W

H
O

Q
O

L-BR
EF: W

orld H
ealth Q

uality of life scale - brief version
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Relations between clinical changes, demographic variables and changes in QOL.

Comparing change scores between T0 and T1 (n=13), a decrease in Y-BOCS correlated with  

improvement in the physical (rs=−0.576, p<0.05) and environmental (rs=−0.676,ρ<0.05)  

domains. This correlation was also found for improvements in HAM-D and the physical 

(rs=−0.626, ρ<0.05) and environmental (rs=−0.600, p<0.05) domains. The HAM-A decrease  

correlated with the physical (rs=−0.697, p<0.01) and environmental (rs=−0.592, p<0.05)  

domains and with the general WHOQOL-BREF score (rs=−0.643, p<0.05). 

 Comparing change scores between T0 and T2 (n=13), changes in Y-BOCS did not 

showed a significant relation with any of the changes in WHOQOL-BREF variables. Decreases 

in HAM-A correlated with improvement in the physical (rs=−0.591, p<0.05) and psychological  

(rs=−0.613, ρ<0.05) domains. These domains also correlated with improvement in HAM-D: 

physical (rs=−0.672, p<0.05) and psychological (rs=−0.590, p<0.05). 

 Correlation analyses between demographic variables (such as age, sex, age of  

onset and duration of illness) at T0 on the one hand and WHOQOL-BREF outcome at T2 (n=13) 

on the other hand showed a significant relationship between improvement in the social  

domain and gender (rs=−0.752, p=0.003), suggesting that women improved more than men  

in the social domain. Also in this domain, a significant relationship with duration of illness 

(rs=−0.587, p=0.035) was found, suggesting that patients who had a longer duration of  

illness tended to improve less in the social domain. In the psychological domain, we found a  

correlation with the age of onset (rs=0.596, p=0.032), which may indicate that a later age of  

onset indicates a better improvement in the psychological QOL. None of the other demo-

graphic variables showed significant correlations.

Discussion

This is the first study that describes long-term effects of DBS on QOL in OCD patients. The 

primary finding of our study is that QOL of therapy-refractory OCD patients who have been 

treated with bilateral DBS targeted at the NAc show a mean improvement of 90% in the general 

score, 39.5% in the physical and psychological domains and 16% in the environmental domain 
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of WHOQOL-BREF after at least 3 years of active stimulation. Comparing these results with 

previous studies is difficult, because QOL was measured with different scales. However, the 

finding that all studies (12,13) showed improvement in some aspects of QOL and none found 

a decrease suggests that despite the invasive character of the treatment, the benefits of the 

treatment cause an increase in QOL.

 The finding that baseline QOL in our DBS group was lower in all QOL domains  

compared with a Dutch norm population stresses the interference of refractory OCD  

on patient’s QOL. Three other studies used WHOQOL-BREF to compare OCD patients with  

healthy controls. Stengler-Wenzke et al(3) found indications that OCD patients scored lower  

in all WHOQOL-BREF domains except for the environmental domain. Kivircik Akdede et al(2)  

examined OCD patients without comorbid depression and found lower psychological and  

social QOL compared with a healthy control group. Hou et al(4) compared OCD patients 

with healthy controls; they found lower QOL in the general score and in all WHOQOL-BREF  

domains except the environmental domain. Our finding that DBS patients scored signi-

ficantly lower in all domains, including the environmental domain, might be associated  

with the refractory state and comorbid depression that often occurs in these patients.  

We assume that especially in refractory patients the severity and persistence of OCD  

symptoms have affected almost all aspects of patient’s life, including those associated  

with environmental QOL like financial resources, opportunities for leisure activities, feelings 

of safety and security. 

 After 8 months of stimulation, we found marked improvement in the general  

score and in the physical, psychological and environmental domains. Between 8 months  

and 3–5 years, the physical and psychological domains improved even further. This  

improvement was not seen in the symptom scales or in SDS. This suggests that although  

psychiatric symptoms and the level of disability experienced by these patients remain  

stable, patient’s QOL improve. One could say that it takes time before patients fully  

experience the benefits from this treatment, even after initial symptom decrease has  

taken place. We hypothesize that patients need time to adapt to and benefit of their  
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new situation due to long duration of illness (on an average 29 years) and widespread  

avoidance behavior that accompanies this. 

 After 3–5 years, three out of four domains of QOL increased. Compared with healthy  

individuals, mean scores are still lower, but tend to reach the normal range, which indicates 

that DBS patients might regain a normal standard of QOL. In all probability, the addition of 

CBT to DBS may have contributed to the benefits on QOL we found. Unfortunately, due to the 

nature of our design we cannot determine whether these changes were caused by DBS, CBT 

or the combination of both. Future research has to examine the role of addition of CBT in DBS 

separately and its influence on QOL. Along similar lines, medication changes during the study 

might have influenced QOL. However, tapering off medication only occurred in patients who 

experienced long-lasting and stable responses on DBS treatment. Therefore, it is unlikely that 

medication changes have had any effect on these results. 

 Because the chance of a type II error was considered more serious than the chance  

of a type I error,(25) results were not adjusted for multiple comparisons; however, when  

applying Bonferroni–Holm correction for multiple comparisons, all findings remained  

significant except for the physical domain and the environmental domain between baseline 

and short term. This indicates the robustness of the improvement in QOL in the long term. 

 Comparing the scores over time for responders and non-responders separately,  

surprisingly both responders and non-responders showed improvement in QOL. This finding  

demonstrates that non-responders also benefit from the treatment and questions the  

relevance of Y-BOCS changes as primary outcome measure. It is not unlikely that DBS  

directly affects general measures of well-being. These results, however, were found in very 

small groups; further research towards QOL in non-responders has to examine this further.

 The social domain was the only QOL domain that did not change over a longer pe-

riod of stimulation. This finding is incongruent with other studies using WHOQOL-BREF  

where an improvement in social functioning was found following successful treatment.(26,27)  

Interestingly, disability in social functioning, measured with SDS, improved from severe– 

extreme disability at baseline to moderate disability after NAc DBS treatment. These findings 
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suggest that although patients experience less disability in social functioning following DBS, 

this is not translated into a higher level of satisfaction with their social relationships. On the 

other hand, it could be that due to our relatively small sample size, changes in social QOL 

could not be found. We indeed found a trend towards improvement, but it failed to reach  

significance. Future studies with larger samples and greater power will have to examine 

whether the social domain improves and whether these changes are meaningful. 

Relation between symptom improvement, demographic variables and QOL improvement 

Correlating clinical symptom improvement with QOL improvement after 8 months of  

stimulation, we found that decrease in psychiatric symptoms is associated with higher QOL 

in the physical and environmental domains. Improvement in the general score showed a  

unique relation with anxiety reduction, suggesting anxiety reduction plays an important 

role in patient’s general QOL. Interestingly, the psychological domain, although increased,  

showed no relation with symptom improvement. This may indicate the influence of other  

variables, for example, the direct freestanding influence of stimulation on QOL. Our group has  

recently demonstrated that stimulation normalizes NAc function and its connected  

frontostriatal network.(28) These changes entail healthy reward processing and motivation 

and may thus explain improved QOL as well. Alternatively, but highly hypothetical, improved 

QOL, anxiety and depression scores may be explained by  stimulation of the medial forebrain 

bundle (MFB), as the most effective stimulation area was located at the border of the NAc  

core and anterior limb of the internal capsule, which connects with MFB. Future research 

should examine the neuroanatomical underpinnings of DBS-related QOL improvement. 

 After 3–5 years, we found improvement in the physical and psychological domains  

to be related to lesser anxiety and depressive symptoms, but not to lesser OCD symptoms. 

These findings emphasize the importance of anxiety and depressive symptom reduction  

next to OCD symptom reduction. Furthermore, these relations could also indicate the  

antidepressant role of NAc DBS, as the NAc is also a target for therapy-resistant depressi-

ve disorders.(29) The finding that the general score and the environmental domain showed 
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no significant relation at T2 but did at T1 suggests that the relation found at T1 wears off,  

possibly due to the influence of other variables thus far not measured. The findings that  

women and patient with shorter illness duration are more likely to improve in the social  

domain and that patients with an earlier age of onset are less likely to improve in psychological 

QOL should be further examined. 

Limitations

The main limitation of this study is that there was no control group. We therefore do not know 

whether there are fluctuations in QOL during the follow-up period that are normal in this  

population. Second, although our sample population is one of the biggest groups that has 

been described thus far, it consists of a relatively small number of patients, so generalization 

to a larger population is hard to make. Third, because of the subjective nature of QOL, it could 

be that our results are influenced by a temporary state or subject bias, which may lead to 

an overestimation or underestimation of the influence of DBS on QOL. Research with more  

patients at more different time points has to be done to minimize the state-dependent effects. 

The fourth limitation of our study is that two of the three patients who were excluded from our 

QOL analyses because of missing data were considered as non-responders. This exclusion 

must have had a positive influence on the mean QOL results.  

Conclusion

We conclude that bilateral DBS targeted at the NAc for OCD has a positive effect on patient’s 

perceived QOL. This improvement seems to carry on between short-term and long-term  

stimulations. This finding is an important step in the implementation of DBS in general  

practice; furthermore, it stresses the importance of QOL as an outcome measure in DBS  

treatment studies. 
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Abstract 

Background

Deep brain stimulation (DBS) is regarded as an effective way to treat refractory obsessive- 

compulsive disorder (OCD). Little is known about the effects of DBS cessation following a 

longer period of stimulation.

Objective

To determine the relapse and rebound effects of psychiatric symptoms, and their impact on 

Quality of Life (QOL) following acute cessation of DBS in OCD patients.

Methods

We included 16 out of 32 patients who were treated with DBS between April 2005 and January  

2011 at the  Academic Medical Center, Amsterdam. After treatment for at least one year,  

patients entered a 1-week phase in which DBS was switched off. We evaluated psychiatric 

symptoms and QOL at three time points: before DBS surgery (pre-DBS), following at least 

one year of DBS treatment (DBS-on) and following 1 week of DBS off (DBS-off). Psychiatric  

symptoms were assessed with the Yale-Brown obsessive-compulsive disorder scale (Y-BOCS), 

the Hamilton anxiety rating scale (HAM-A) and the Hamilton depression rating scale (HAM-D). 

QOL was assessed using the World Health Organization QOL scale (WHOQOL-Bref). 

Results

Switching from DBS-on to DBS-off, Y-BOCS scores increased with 50%, HAM-A scores with 

80% and HAM-D scores with 83%. In the DBS-off period, HAM-A and HAM-D scores exceeded 

pre-surgery levels with approximately 40%, suggesting a rebound phenomenon. Furthermore, 

a deterioration of physical and psychological QOL to levels comparable with pre-surgery was 

found during DBS-off.   
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Conclusion

Acute DBS cessation causes a relapse of obsessions and compulsions and a rebound of 

anxiety and depression. Additionally, improvements on QOL disappear. 
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Introduction

Deep brain stimulation (DBS) is a safe and effective treatment strategy for therapy-refractory 

obsessive-compulsive disorder (OCD). Studies report overall responder rates of approximately 

50%, limited side effects, and a positive influence on functioning and quality of life (QOL)(1). 

However, maintaining these positive effects most likely requires chronic and likely life-long 

application of DBS. Given this permanent reliance on DBS, it is important to consider that 

unintended cessation occurs on a regular base. Videnovic and Metman reported a hardwa-

re complication rates of 8.4% to 10.3% per electrode year(2), which often causes unintended 

temporary cessation of DBS. Moreover, especially in OCD treatment, high currents are used, 

which causes neurostimulator depletion every 1-2 years. The advent of rechargeable batteries 

has reduced this problem considerably. However, to function properly these batteries have 

to be recharged often, on average ranging from once a day to once in five days, dependent 

on stimulation setting. Therefore unintended cessation of DBS is nowadays often related to 

recharging issues.

 Despite the frequent interruption of active stimulation, little is known about its  

impact on clinical symptoms and general wellbeing of the patients. Case-series(3–5) and 

efficacy studies with DBS on-off design(6,7) generally report an acute worsening of  

psychiatric symptoms when batteries are depleted or stimulation is abruptly stopped.  

Typically, though individually highly variable, a worsening of mood and anxiety is observed  

immediate after DBS cessation, followed by a more gradual and less marked relapse of 

 OCD symptoms(3,8). In a previous DBS efficacy study of our group (6), we found indications  

for worsening of symptoms even exceeding baseline levels, so called rebound phenomena.  

Recently, Vora et al, described such a rebound in one patient consisting of increased severity  

of OCD symptoms compared to pre-surgery levels following neurostimulator depletion(9).  

In none of these studies however, anxiety or depressive symptoms were systematically  

compared between pre-surgery and DBS-off, making it uncertain whether depressive and  

anxiety symptoms also rebound after DBS cessation. Furthermore, none of these studies  

assessed the patient perspective, leaving it unclear how patients experience DBS  
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cessation, and whether cessation influences their QOL. This information is important to  

obtain a more complete understanding of the clinical impact of DBS cessation. 

 In the current study we determine the effects of acute DBS cessation with valida-

ted scales for OCD, anxiety, depressive symptoms and QOL. We aim to determine whether (1)  

patients experience a relapse (severity higher than with DBS-on, but at a lower or similar level  

than before surgery) or rebound (severity higher than with DBS-on and higher than before  

surgery) of symptoms following cessation of DBS and (2) if and to what extend QOL is  

affected during DBS cessation. These results will help us understand the impact of DBS  

cessation in OCD patients, which will be crucial for good patient education and follow-up  

care, especially considering the growing number of patients treated with this technique. 

Methods

Subjects 

From April 2005 until January 2011, 32 patients were treated with DBS at the Academic  

Medical Center (AMC) Amsterdam. Details of the surgical technique are described  

elsewhere(6,10). Inclusion criteria for the current study were: (1) Time since surgery had to 

be at least 1 year and (2) patients had to have a stable pattern of OCD, mood and anxiety  

symptoms for at least 5 months. Table 1 summarizes the clinical and demographic  

characteristics of 16 out of the 32 patients who met both inclusion criteria. Six of the 16  

patients who were excluded from the study did not meet the first inclusion criterion, four were 

considered to have an instable pattern of psychiatric symptoms, and six others did not want to 

participate because of fear of turning DBS off. 
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Table 1 Demographic and clinical characteristics

Patients (n=16)

Mean (range) SD

Gender (Males)/(females) 9/7

Age, (Years) 45 (27-59) 9.73

Age at onset (year) 16.12 (5-35) 8.15

Age at DBS surgery (year) 42 (22-55) 9.75

Y-BOCS before DBS surgery 33.88 (28-40) 3.32

HAM-A before DBS surgery 21.89 (12-42) 7.66

HAM-D before DBS surgery 19.75 (5-30) 6.97

Duration of DBS treatment (months) 33.19 (12-56) 18.05

Percentage decrease on Y-BOCS 41% (0-84) 19.72

Study design 

The current study was part of a larger experiment investigating the neural mechanisms of DBS 

in a one week DBS-off design, of which parts have been published earlier(11). At the beginning  

of the study, symptom severity and QOL were assessed while DBS was still on (DBS-on). The 

next day DBS was turned off and remained off for the next seven days.  At the seventh day of 

the off-period, patients were again assessed (DBS-off). One day later DBS was turned back 

on. Patients and clinicians were aware of the DBS condition during the whole period. The  

responsible psychiatrist (MF) assessed all symptoms scales. The results where compared  

to pre-surgery data which were obtained one month before DBS surgery (pre-DBS). The  

study was approved by the medical ethics committee of the Academic Medical Center (AMC)  

Amsterdam. 

Outcome measures

Severity of OCD symptoms was measured using the Yale–Brown Obsessive Compulsive Scale 

(Y-BOCS)(12), a 10-item semi-structured, clinician-administered scale. Each item is scored on 

a 5-point Likert scale ranging from 0 to 4. Depressive symptoms were rated with the 17-item  
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Hamilton Depression Rating Scale (HAM-D)(13), scores ranging from 0-54. Anxiety was  

evaluated with the Hamilton Anxiety Scale (HAM-A)(14), a 14-item scale with a range of 0-56 

points. All three scales are widely used and have well-established psychometrics(15–17). For 

all three measures, higher scores indicate more severe symptoms.

 Quality of life was assessed using the abbreviated version of the World Health  

Organization quality of life questionnaire (WHOQOL-BREF)(18). This instrument measures 

the individuals’ perceptions of their position in life in the context of the culture and value  

systems in which they live and in relation to their goals, expectations, standards and  

concerns. It compromises 26 questions summarized in four domain scores: physical,  

psychological, social and environmental. All questions are rated on a 5-point Likert scale.  

An example item is: How satisfied are you with hour health? 1=very dissatisfied, 5=very  

satisfied. The scores of the four domains range from 4-20. Higher scores indicate a higher 

perceived quality of life. The Dutch translation of the WHOQOL-bref displays a good content 

and construct validity and test-retest reliability in a psychiatric population(19). The recall  

period was adjusted to one week for the purpose of this study (two weeks in the original  

version). 

Statistical analysis

Repeated-measures analysis of variance (ANOVA) with the three time points (pre-DBS,  

DBS-on and DBS-off) as within-subject factors were used to examine if the mean scores on the  

different time points were statistically different. To control for the influence of baseline  

variables, age, gender and length of follow up were entered in the model as covariates. However,  

in none of the analysis they proofed to be significant, so only main effects were reported.  

Significant main effects were explored using post-hoc t-test between DBS-on and DBS-off, 

and pre-DBS and DBS-off. To adjust for multiple testing, Bonferroni correction (α = 0.05/2= 

0.025) was used. Cohen’s d effect sizes were calculated to estimate effect size. To identify 

relapse or rebound of symptoms, the scores of each subject at DBS-off were compared with 

their own scores at DBS-on and pre-surgery. Relapse was defined as an increase in score 



44

•  72  •

between DBS-on and DBS-off. Rebound as an increase in score between pre-surgery and DBS-

off. All statistical analyses were performed using commercially available statistical software 

(SPSS, version 20.0; SPSS Inc, Chicago, Illinois).

Results

Clinical symptoms 

Repeated measures ANOVA showed a significant effect of time between the three time points 

on the Y-BOCS (F(2,15)= 33.074, p<0.01), on the HAM-A, (F(2,15)= 15.088, p<0.01) and on the 

HAM-D (F(2,15) = 11,743, p<0.01) (Figure 1).   

 Post hoc t-tests between DBS-on and DBS-off showed a significant increase on all  

symptom scales between DBS-on and DBS-off, indicating worsening of all clinical symptoms  

in the absence of DBS stimulation. The Y-BOCS score increased on average 50%, from 19.94 

(SD=6.92) to 29.90 (SD=5.74) points (t(15)=-5.150, p<0.01, d=1.57). The HAM-A increased with 

80%, from 16.94 (SD= 9.10) to 30.44 (SD=10.26) points (t(15)=-4.624, p<0.01, d=1.39) and the 

HAM-D increased 83%, from 14.69 (SD=9.41) to 26.94 (SD=8.69) points (t(15)=-5.107, p<0.01 

d=1.35). On the individual level an increase in psychiatric symptoms was found in 15 of the 16 

patients on the Y-BOCS and HAM-D, and in 13 patients on anxiety. Nine of 16 patients reported 

a subjective worsening of OCD symptoms and 11 of anxiety and depression symptoms after 

1 day of DBS off. 
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Figure 1 Change in clinical symptoms between DBS-on and DBS-off, and between pre-DBS and DBS-off

Legend: Abbreviation: Y-BOCS= Yale-Brown obsessive-compulsive scale; HAM-D= Hamilton Depression Rating Scale; 

HAM-A= Hamilton Anxiety Scale, Pre-DBS= 1 month before DBS surgery, DBS-on= at least one year of active stimula-

tion, DBS-off= one week without stimulation; (*) paired sample t-test significant on p<0.05, (**) paired sample t-test 

significant on p<0.01.

( ) = relapse of symptoms, ( ) = rebound of symptoms.

Post-hoc t-tests between pre-DBS and DBS-off revealed that the Y-BOCS score remained  

on average 12% lower, during DBS-off (29.90 points, SD=5.74) than before DBS surgery  

(33.88 points, SD=3.32), (t(15)=2.823, P=0.013). The effect size was found to be high (d=0.85). 

On the individual level, of the 15 patients who experienced an increase in OCD symptoms, two 

were found to have a rebound of OCD. Notably, HAM-A scores at DBS-off (30.44 points, SD= 

10.26) were found to be on average 39% higher than before surgery (21.88 points, SD= 7.66), 

(t(15)=-4.129, p< 0.01, effect size: d=-0.95), and this anxiety rebound was observed in 11 of the 

13 patients who had a increase of anxiety between DBS-on and DBS-off. Similarly, HAM-D  

scores at DBS-off (26.94 points, SD=8.69) were on average 36% higher compared to the pre- 
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surgery scores (19.75 points, SD=6.97), (t(15)=-2.783, p=0.014, effect size: d=-0.91), with a  

rebound of depressive symptoms in 11 of the 15 patients who had a increase in depressive 

symptoms when stimulation was stopped.

Figure 2 Comparison of WHOQOL-bref scores of the DBS group and a healthy population

Legend: Abbreviation: WHOQOL-BREF: World Health Quality of life scale – Range: domain scores 4-20. higher scores 

indicating better quality of life brief version; DBS: Pre-DBS= 1 month before DBS surgery, DBS-on= at least one year 

of active stimulation, DBS-off= one week without stimulation Error bars indicate one standard deviation. (*) paired 

sample t-test significant on p<0.05, (**) paired sample t-test significant on p<0.01, ( )= relapse of QOL.

Quality of life 

Quality of life as measured by the WHOQOL-bref showed a significant effect of time, on the 

physical (F(2,15)= 4.346, p=0.022) psychological (F(2,15)=10.808, p<0.01) and environmental  

domain (F(2,15)=3,981, p=0.029). The social domain (F(2,15)=1.559, p=0.227) showed no  

significant change. Figure 2 shows a graphical presentation of the QOL scores during the  

different time points and a comparison with a Dutch norm population(20), indicating that  

during DBS-on the scores on the WHOQOL-bref approach the scores of the norm population for 

all but the Psychological subscale.
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Post-hocs t-test (table 2) showed that the physical and psychological domain of the  

WHOQOL-bref decreased significantly between DBS-on and DBS-off. The physical domain  

score dropped on average 16%, while the psychological domain decreased with 26%. The  

environmental domain score showed a decrease of 11%, but this did not remained significant 

after correction. The change on the social domain was not significant. When comparing DBS-

off scores with pre-DBS scores none of the domain scores showed a significant difference.

Discussion

Our results indicate that acute DBS cessation in stabilized OCD-patients causes a relapse of 

OCD symptoms and a rebound of anxiety and depression. Furthermore, seven days of DBS 

cessation causes an immediate deterioration of physical and psychological QoL. 

 The symptomatic relapse corresponds with observations from previous DBS on/off 

efficacy studies and case-series(3,6,9). It confirms the necessity of continuous, long-term  

stimulation in OCD patients. Although OCD, anxiety and depression all increased significantly, 

the increase of anxiety and depression was the most pronounced. This is in line with previous  

findings(3,8) and indicates a strong and direct relation between stimulation and affective 

symptoms. 

Table 2 Paired sample t-test of change on WHOQOL-bref between DBS-on and DBS-off, and between pre-DBS and 

DBS-off

Pre- DBS DBS-on DBS- off change DBS-on – DBS-off change pre-DBS - DBS-off

M SD M SD M SD t df P d t df P d

WHQOL-bref

Physical 9.96 2.65 12.21 3.25 10.21 2.27 2.789 15 0.014* -0.71 0.286 15 0.779 0.1

Psychological 9 1.4 11.21 2.75 8.33 1.85 3.874 15 0.001* -1.23 1.247 15 0.232 -0.41

Social 11.67 3.46 12.67 3.37 11.3 2.88 1.982 15 0.066 -0.45 0.426 15 0.676 -0.13

Environmental 12.63 1.85 14.03 3.14 12.47 2.68 2.478 15 0.026 -0.54 0.273 15 0.788 -0.07

Legend: Abbreviation: World Health Quality of life scale - brief version; Physical= Physical domain of the WHO-

QOL-bref; Psychological= Psychological domain of the WHOQOL-bref; Social= Social domain of the WHOQOL-bref; 

Environmental= Environmental domain of the WHOQOL-bref;   (*) significant after bonferroni correction.
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 The finding that the increase of anxiety and depression following DBS cessation  

exceeds pre-surgery levels is important and potentially worrisome. This finding confirms 

the indication of an affective rebound following acute DBS found in our previous efficacy  

study(6). Apart from an anecdotic report of rebound in in one patient(9), this is the first study  

to show that psychiatric symptoms increase above pre-surgery levels when stimulation is 

abruptly stopped.

 A potential explanation for the affective rebound might be that the increase of anxiety 

and depression reflect autonomic withdrawal symptoms, similar to the withdrawal seen during 

the first weeks of discontinuation of psychiatric medication like serotonin reuptake inhibitors 

or benzodiazepines(21). The increase of cortisol found during DBS cessation in the same  

patient population(22) supports this hypothesis, since deregulation of the hypothalamic- 

pituitary-adrenal axis is likely to be involved in withdrawal-induced depression(23).  

Alternatively, it could be that affective rebound symptoms reflect feelings of craving for  

DBS. We have recently demonstrated that effective DBS in these patients restores reward  

responses in the nucleus accumbens and induces dopamine release in the striatum(11,24).  

A sudden interruption of these processes may induce feelings of distress that can be  

compared to craving phenomena. Finally, patients may have become used to a lower burden 

of disease and this may have changed how they evaluate themselves and interpret events.  

A sudden reoccurrence of symptoms may therefore be experienced as being more severe  

than before, because patients have raised the standards of what is normal to them. 

 The deterioration of physical and psychological QOL along with the relapse of OCD 

 and the rebound of anxiety and depression indicates that the impact of cessation is not  

limited to symptom changes alone. It implies that DBS cessation has a direct impact on  

patients’ wellbeing and the perception of their position in life. The decrease of QOL to pre- 

surgical levels suggests that despite all the benefit patients have encountered in the years 

living with DBS and the knowledge that DBS is discontinued for only a short period of time, 

all QOL improvements disappear when stimulation is stopped. This underlines the severity  

of DBS cessation and translates the changes on symptoms scales to a more practical under-
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standing. Interestingly, QOL scores during cessation were not significantly lower than pre- 

surgery. Which nuances the clinical significance of the affective rebound somewhat. It  

indicates that although patients are more anxious and depressed than before surgery, this 

does not lead to lower QOL than before surgery. However, it is important to consider that the 

baseline QOL scores in this sample were very low, so our results could also be influenced by 

floor effects of the WHOQOL-bref scale. 

 Our findings raise several questions. First, it is unclear whether and when rebound 

symptoms disappear over time. Second, it is uncertain whether these rebound symptoms also 

occur when stimulation would be tapered off slowly. These questions are important from a 

clinical point of view, for example for patients and clinicians who are confronted with a longer 

period of DBS cessation, such as following explantation of infected DBS hardware, or explan-

tation because of non-response. To address these questions future studies should apply a 

longer DBS-off period and include a tapering off group. A third issue arising from our results 

concerns the validity of on/off designs in DBS trials. Our results indicate that such a study 

design carries the risk of measuring rebound/withdrawal symptoms. Information on length 

of withdrawal periods will be important for determining the optimal length of on/off phases in 

future sham controlled studies towards effectiveness. 

 Limitations of the current study are that patients were aware of stimulation settings 

which may have caused patient bias. Future research with a double blind design may eliminate 

this. However we believe that our design really reflects the daily clinical practice: almost all of 

the patients who experience DBS cessation are acutely aware of this happening because of 

the limited placebo effect(11) and the possibility to check the DBS condition with the personal 

patient controller. Another limitation is the small sample size. However, the fact that we found 

a rebound in almost two third of this sample suggests that affective rebound is a common 

effect, making this finding worrisome. Last, because people tend to use their current affective 

state to judge how happy and satisfied they are with their lives(25), it is likely that they will 

judge their QOL of this period lower when stimulation is off than when stimulation would be 

back on and their mood would be stabilized. However assessing QOL in this period reflects 
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how patients evaluate their QOL during the DBS cessation period and therefore gives valuable 

information of how they experience DBS cessation. 

  In conclusion, DBS cessation causes a relapse of OCD symptoms and a rebound of  

affective symptoms, which has a direct impact on the QOL of patients. Information on the 

length of rebound and whether this rebound could be overcome by slowly tapering of  

stimulation are important questions that need to be answered. Prevention of DBS cessation 

should be a goal for clinicians and DBS manufacturers. Recent developments such as  battery  

life estimators to ensure timely battery replacements(26) and rechargeable batteries may  

reduce the risk of DBS cessation. Notwithstanding, the risk of cessation remains and therefore 

it is important to inform patients and family members on the possible effects, and how to react 

when this happens. 
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Abstract

Background 

Deep Brain Stimulation (DBS) is effective for obsessive-compulsive disorder (OCD), but  

requires expensive medical procedures. To date, no study has examined the cost-effective-

ness of DBS for OCD. 

Objective 

To perform the first economic evaluation of DBS for therapy refractory OCD. 

Methods

We conducted a 2-year prospective, open cost-effectiveness study, comparing DBS (n=17) 

with treatment as usual (TAU) (n=11), with cost per Quality-Adjusted-Life-Year (QALY) as  

outcome measure. Apart from the base-case, or primary analysis, we conducted two practice- 

based scenarios: (1) standard care scenario, without research and innovation costs, and 

(2) rechargeable scenario, in which we assume the use of a rechargeable neurostimulator.  

Base-case and both scenarios were extrapolated to four years to estimate long-term cost- 

effectiveness.

Results

Compared to TAU, DBS provides an additional 0.26 QALY (SD=0.16). Median cost per QALY 

gained is estimated at €141,446 for base-case, €115,916 for standard care and €65,394 for 

the rechargeable scenario. Extending the time-horizon to four years results in a median cost 

per QALY of €80,313 for base-case, €69,287 for standard care, and turned out to be cost- 

saving at €4,678 per QALY for the rechargeable scenario. Assuming a willingness to pay  

threshold of €80,000/QALY, DBS, under base-case and standard care had 25% and 35%  

probability of being more cost-effective than TAU. With the rechargeable scenario and in all 

scenarios extrapolated to four years, the probability of cost-effectiveness was equal or higher 

than TAU. 
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Conclusions

This study indicates DBS for OCD is cost-effective in the long-term, especially when  

rechargeable batteries are taken into account.



55

•  88  •

Introduction

Obsessive-compulsive disorder (OCD) is a psychiatric disorder characterized by intrusive,  

fear inducing thoughts (obsessions) and repetitive behaviors aimed at reducing anxiety  

(compulsions). Left untreated, OCD can cause severe harm in functioning and quality of 

life to patient and relatives(1). Standard treatment for OCD consists of cognitive behavioral  

therapy (CBT) and pharmacotherapy. Despite exhaustive treatment, 10% of patients(2) remain 

refractory, for which Deep Brain Stimulation (DBS) has been suggested. Over the past decade, 

DBS trials for OCD demonstrate an responder rate (Yale-Brown obsessive compulsive scale  

(Y-BOCS) reduction of >35%) of 50% with mostly transient side-effects(3). Given its efficacy,  

DBS has been accepted by several countries as last resort treatment. Though health  

insurance companies in various countries worldwide reimburse DBS, surprisingly, nothing 

is known about its actual costs and cost-effectiveness. Clarifying this is crucial for further  

implementation of DBS for OCD. Because  distribution of resources should not be solely based 

on clinical benefit but should also be supported by efficiency(4).The aim of this study is to  

investigate the costs involved in the treatment and perform a preliminary economic evaluation 

comparing costs and effects of DBS versus treatment as usual (TAU). 

Methods

Study design and participants

We conducted an open, prospective study in a cohort of therapy refractory OCD patients 

treated with either DBS or TAU over a period of two years to compare clinical efficacy and 

cost-effectiveness of the two interventions. During the study, three visits were conducted in 

the treatment group. Baseline (3 months before DBS surgery); 12 months after baseline and 

24 months after baseline. Patients in the TAU group followed the same follow-up evaluations. 

The study was conducted in the Academic Medical Center (AMC) in Amsterdam, the Nether-

lands. Patients only received standard care and therefore medical ethical approval was not 

required by Dutch law(5).  A total of 28 therapy refractory OCD patients who were referred for 

DBS-OCD between August 2009 and January 2013 were included in the study, of which 17 
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underwent DBS surgery and 11 received TAU. The in- and exclusion criteria for the DBS group 

matched those of the standard DBS program(6): Patients had to be between 18 and 65 years 

of age, have a non-remitted DSM-IV-TR(7) diagnosis of OCD for ≥5 years, and score ≥28 on the 

Y-BOCS, indicating severe OCD symptoms. Patients were therapy refractory to at least two 

previous treatments with an serotonin reuptake inhibitor at maximum dosage for at least 12 

weeks, treatment with clomipramine hydrochloride at maximum dosage, one augmentation 

trial with atypical antipsychotics for at least 8 weeks, and one CBT trial. Exclusion criteria 

were 1) comorbid Axis I disorder in the last six months, with exception of major depressive  

disorder or mild anxiety disorders, 2) primary Axis II (personality) disorders, as assessed 

with the structured Clinical Interview for DSM-IV(8), or 3) clinically significant and unstable  

neurologic or medical illnesses. The same in and exclusion criteria applied to the TAU group, 

except refractoriness which was defined as failure of three of the four medication trials  

because of feasibility. However, only two of 11 patients in the TAU group did not meet the  

stringent medication criteria for DBS at inclusion. 

Interventions

DBS consists of 3 phases: 1) pre-operative screening to determine suitability for DBS; 2) DBS  

surgery, in which a neurosurgeon implants bilateral electrodes with 4 adjacent contact points 

(Medtronic, type 3389) into the ventral part of the anterior internal capsule, which are connected 

to an internal pulse generator (IPG) (neurostimulator) delivering electrical current to the target 

area; 3) a follow-up phase to achieve and maintain optimal effect, in which DBS parameters are 

adjusted (e.g. voltage, frequency, pulse width) and individual sessions of CBT are added, when an 

effective stimulation setting is found (on average a Y-BOCS decrease of > 6 points)(6). 

TAU is the individualized therapeutic strategy which aims to stabilize social, societal, and  

psychological functioning. It consists of a combination of 1) maintaining pharmacological  

treatment, 2) psychosocial interventions like home care, sheltered housing or hospital  

admissions and 3) low frequent CBT (<10 sessions a year). 
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Effect measures 

To measure effectiveness we used quality-adjusted life-years (QALYs), which means that 

the cost-effectiveness analysis is technically a cost-utility analysis(9). QALY was chosen as  

outcome for the cost-utility analysis according to Dutch guidelines(10) and because it is a 

commonly used outcome in cost-effectiveness research(11). Utility values were obtained 

from the 5-dimensional EuroQol (EQ-5D)(12) using the Dutch tariff.(13) The Utility Score (UtS)  

represents a health state between 0 (death) and 1 (perfect health). One QALY can be regarded  

as one year in optimal health. QALYs were calculated from UtS using the area under the curve  

method(9) adjusting for baseline scores(14): 

QALY= (UtS12months - UtSBaseline)/2 + (UtS12months - UtSBaseline) + (UtS24months - UtS12months)/2. QALYs  

gained in the second year were discounted at an annual rate of 1.5%(10).

Recourse use and Costing

The economic evaluation was performed from the societal perspective and included health-

care utilization, productivity, and travel costs. Healthcare utilization within the hospital was 

measured using patient health care records and invoices to insurance companies. Health care 

utilization outside the hospital was measured using the Trimbos/iMTA questionnaire for Costs 

associated with Psychiatric illness (TiC-P)(15). The TiC-P measures utilization of medical  

treatment in the last 3 months. The reported healthcare usage was then extrapolated over a 

period of one year. 

 Costs were calculated by multiplying health utilization units with standardized unit  

costs based on Dutch manual for costing research in health care(16). For resources without  

standard cost pricing (imaging scans, blood tests, and theatre time), actual cost calculations 

from the department of finance of the AMC were used. For DBS equipment we used catalogue 

pricing. Medication was valued based on the Netherlands’ pharmaceutical cost listing(17).  

Travel costs were calculated as the average distance to the health service (50km) multiplied  

by the cost per km (€0.20)(16). All costs are expressed in euros and indexed to the reference 

year 2015. Prices from different years are adjusted to the reference year based on the harmo-
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nized index of consumer prices. Future costs were discounted at an annual rate of 4%. We 

assessed productivity changes with the short form health and labor questionnaire (SF-HLQ)

(15).  The productivity changes were calculated according to the human capital approach and 

extrapolated over a period of one year. The costs and gains were based on the average income 

of the Dutch population according to specific age and gender classification(16). 

 The design and the reporting is performed according to cost-effectiveness reporting  

standards(9) and in line with the Consolidated Health Economic Evaluation Reporting  

Standards (CHEERS) statement(18).

Statistical analysis

Spreadsheet calculations were conducted using Excel 2010 (Microsoft Corp., Redmond, 

WA, USA). Statistics were conducted using SPSS 20.0 (IBM Corp., Somers, NY, USA) and R  

version 3.0.3(19).  Data were analyzed in agreement with the intention to treat principle.  

Missing observations were imputed using the Expectation Maximization (EM)  

algorithm(20). To handle stochastic uncertainty in the cost and effect data, we extracted  

5000 nonparametric bootstrapped samples with replacement. For each of these samples,  

we calculated the incremental costs, incremental effects, and incremental cost effecti-

veness ratio (ICER). This ICER was calculated as follows: ICER = (CDBS – CTAU)/(EDBS – ETAU), 

where C are costs, E are effects (QALYs), and the subscripts DBS and TAU refer to the two  

interventions. The ICERs were plotted on a cost-effectiveness plane and based on their  

distribution, a cost-effectiveness acceptability curve (CEAC) was drawn to indicate the  

probability of DBS being cost-effective given a certain willingness to pay. 

Scenario analysis

We estimated the economic potential of DBS using two practice-based scenario analyses.  

Additionally, we extrapolated all scenarios to a period of four years to estimate cost- 

effectiveness of long term DBS. 

 Standard DBS: This scenario represents the standard DBS care as currently used in  
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our hospital, without research and innovation costs. Compared to the Base-case scenario,  

three adjustments were introduced. First, costs of admission days, directly related to  

experimental research conducted in parallel to the current C-E analysis  were removed.  

Second, costs of electrode re-implantations in five patients were removed, because these  

costs arose from an experimental, non-beneficial DBS targeting approach leading to re- 

implantation of electrodes. Third, nine patients were implanted with bilateral single-channel 

IPGs at the start of the study, while currently only dual-channel IPGs are used at somewhat 

lower cost. Therefore, we changed the number of implanted IPGs to one dual-channel IPG per 

patient in this scenario.

 Rechargeable DBS: This scenario estimated the economic potential of rechargeable 

IPGs. It consists of the Standard DBS scenario, but instead of the cost of regular IPGs, the 

costs of rechargeable IPGs were used. This adjustment led to higher initial costs of DBS, but 

also to the removal of non-rechargeable IPGs replacement costs in the first two years, since the  

rechargeable IPG has a lifetime of nine years.

 Long-term DBS: This scenario explored the consequences of a longer evaluation  

period by extending the time horizon to four years. Cost and effects of the TAU group in the 3rd 

and 4th year were modeled by carrying forward the average cost and effects of the first two years,  

since we expected no change in effects or costs due to the therapy refractory state. In the 

case of the DBS group, costs and effects during the second year only were used to model the 

3rd and 4th year. This because the high initial costs of the DBS surgery during the first year, are 

not representative for subsequent years, and the effect of DBS is likely to be maintained over a 

longer period of time(21,22). Discounting of future cost (4% per year) and future effects (1.5% 

per year) was applied.
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Results

Characteristics of the study population

All patients completed the baseline and 12 months assessment. At the 24 month assessment,  

three patients of the TAU group were lost to follow up. Table 1 shows the baseline  

characteristics of the study population. Both groups have similar baseline characteristics, 

except age which was slightly higher in the DBS group. 

Table 1 Baseline characteristics

DBS TAU p-value

n 17 11

male sex (%) 3 (18) 3 (27) 0.65

age, (SD), y 42.88 (11.82) 35.91 (10.94) 0.44

Y-BOCS score (SD) 33.50 (3.06) 32.81 (3.48) 0.44

EQ5D score (SD) 0.28 (0.24) 0.30 (0.23) 0.95

GAF score (SD) 42.50 (7.07) 44.64 (5.60) 0.32

previous medication trials (SD) 7.06 (2.22) 6.40 (2.38) 0.67

previous CBT trials (SD) 2.40 (0.99) 2.50 (1.22) 0.44

Legend: Y-BOCS; Yale-Brown Obsessive-Compulsive scale; EQ5D; EuroQOL 5 dimensions; GAF: Global Assessment of 

Functioning; CBT: Cognitive Behavioral Therapy

Clinical effects

After 12 months the DBS group showed an average Y-BOCS reduction of 13 points which was 

sustained at 24 months, while the score of the TAU group remained stable over two years (see 

Figure 1A). The mean EQ-5D utility score of the DBS group improved from 0.28 (SD=0.24) at 

baseline to 0.50 (SD=0.25) at 12 months, to 0.58 (SD=0.22) at 24 months (Figure 1). The mean 

EQ-5D score of the TAU group changed from 0.31 (SD=0.20) at baseline to 0.43 (SD=0.35) at 12 

months and 0.24 (SD=0.25) at 24 months. Applying the AUC method resulted in an QALY gain 

of 0.34 (SD= 0.42) for DBS and 0.08 (SD=0.45) gain for TAU at the end of the study, resulting in 

a 0.26 QALY difference over two years in favor of DBS (see Figure 1B).



55

•  94  •

Figure 1 Symptom severity (a) and Quality of Life (B) over time

Legend: Y-BOCS: Yale-brown Obsessive Compuslive Scale; EQ-5d score ranges from 0 to 1, EQ-5d score of 1 indicates 

a perfect health state; DBS: Deep Brain Stimulation; TAU: Treatment as usual, Errorbars indicate standard deviation.

Healthcare utilization 

The expenditures related to healthcare utilization in the pre-operative, operative, and follow 

-up phases are shown in table 2. The total direct medical costs of two years of DBS are 

€88,946. Main cost drivers for the DBS group consisted of implantable DBS equipment, IPG  

replacements and follow-up management in the hospital. Direct medical costs of two years 

of TAU summed up to €48,330. Main cost drivers for TAU were costs outside the hospital. 

Supplementary Table S1 contains a detailed breakdown of costs during first and second year. 
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Table 2 Health care cost

 Deep Brain Stimulation TAU

Cost per item quantity Cost sd Cost sd

Direct cost

 Pre-operative cost na
   Visits to outpatient clinic  

psychiatry
€ 190.00 3.29 € 625.90 € 266.72

   Visits to outpatient clinic  
neurosurgery/ anesthesia

€ 141.68 2.06 € 291.69 € 34.37

   Staff cost during screening (a) € 452.14 1 € 452.14 € 0.00

  Ward stay psychiatry (days) € 255.30 1.82 € 464.64 € 599.16
   Blood tests/ physical  

examination
€ 115.61 1 € 115.61 € 0.00

  ECG € 26.43 0.24 € 6.34 € 11.79

  MRI € 370.25 0.76 € 281.39 € 160.89

  Total pre-operative € 2,237.71 € 691.11

 Operative Procedure cost na

  Theater Time (hours) € 459.62 4.97 € 2,283.48 € 454.93

  Staff time (hours)

   Neurosurgeon € 113.12 4.97 € 562.03 € 111.97

   Anesthetist € 113.12 4.97 € 562.03 € 111.97

   Anesthetist assistant € 33.49 4.97 € 166.37 € 33.15

   Surgery assistant € 33.49 4.97 € 166.37 € 33.15

   Laborant € 33.49 1 € 33.49 € 0.00

  Ward Stay Neurosurgery (days) € 631.52 4.71 € 2,971.85 € 1,372.09

  Ward Stay Psychiatry (days) € 254.80 3.47 € 884.32 € 1,150.57

  Scans during Surgery (b) € 635.45 1 € 635.45 € 29.28

  DBS equipment(c) € 22,222.46 1 € 22,222.46 € 3,805.32

  Localization Equipment use (d) € 492.96 1 € 510.45 € 0.00

  Total operative € 31,164.67 € 3,504.84
  Follow up management hospital € 11,409.64 € 6,373.43 € 3,412.21 € 3,811.75

   Follow up management outside 
hospital

€ 2,528.17 € 3,672.85 € 17,832.43 € 28,389.70

  Medication € 124.81 € 120.53 € 272.93 € 331.19

  IPG changes

   I PG, non-rechargeable (e) € 20,156.36 0.35 € 7,114.01 € 10,041.45 na

  Additional surgery

    Repositioning electrode 

   (research) (f) € 8,817.28 0.29 € 2,593.32 € 4,504.70 na

    Repositioning electrode

   (adverse event) (f) € 10,717.88 0.06 € 643.07 € 2,651.46 na

    Repositioning IPG(g) € 2,797.92 0.06 € 167.87 € 692.17 na

  Total Follow up 1st year € 24,580.89 € 13,629.83 € 21,517.57 € 30,494.99
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Table 2 Health care cost (continued)

 Deep Brain Stimulation TAU

Cost per item quantity Cost sd Cost sd
  Follow up management 2nd year

    Follow up Management hospital € 7,684.48 € 8,103.08 € 3,587.60 € 4,297.58

   Follow up management outside 
hospital

€ 3,884.87 € 7,206.53 € 23,026.24 € 28,504.27

  Medication € 167.44 € 167.76 € 199.01 € 342.13

  IPG changes

   IPG, non-rechargeable (e) € 17,571.07 0.88 € 15,503.89 € 7,189.38 na

   PG, rechargeable (e) € 22,842.69 0.12 € 2,687.38 € 7,903.44 na

  Additional surgery

    Rewiring Electrode + IPG  
change (h)

€ 17,256.04 0.06 € 1,035.36 € 4,446.78 na

   Total Follow up management  
2nd year

€ 30,963.42 € 16,316.53 € 26,812.85 € 30,609.40

Indirect cost
 Travel cost 1st year € 311.82 € 108.49 € 170.26 € 178.22

 Travel cost 2nd year € 194.74 € 129.86 € 168.21 € 150.09

 Productivity 1st year -€ 2,450.57 € 8,804.10 -€ 2,440.84 € 6,581.74

 Productivity 2nd year -€ 3,872.83 € 11,408.81 -€ 4,527.66 € 8,227.95

 Total indirect cost -€ 5,816.84 € 18,710.83 -€ 6,630.02 € 13,745.40

Total direct cost € 88,946.69 € 20,550.51 € 48,330.42 € 57,035.70

Total direct+ indirect cost € 83,129.86 € 31,719.81 € 41,700.40 € 62,981.42

Legend: Hospital: Academic Medical Center, Amsterdam; IPG: implantable pulse generator (neurostumulator); na: not 

applicable

 (a)  compromises psychological and neuropsychological examination by a psychologist and motivational inter-

view and evaluation of weight and tiredness by a nurse specialist

 (b)  typically consist of 1 Magnetic Resonance Imaging scans and two x-ray scans 

 (c)  consists of two electrodes, two extension leads, two stimlocks to stabilize the position of the electrodes on 

the scull and one or two implantable pulse generators

 (d)  Localization equipment use cost are based on maintenance and cost per use of stereotactic frame, planning 

station, micro drive and neuro generator 

 (e)  cost include visits to outpatient clinic of neurosurgery and anesthesia, DBS equipment, ward stay, staff cost, 

theater time, ECG

 (f)  cost include: cost include visits to outpatient clinic of neurosurgery and anesthesia, ward stay, staff cost, 

theater time, ECG

 (g) cost include theater time, staff cost and ward stay

 (h) cost include (6) + localization equipment use
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Productivity cost

In the DBS group, none of the patients held a paid job, nor voluntary work at baseline. At 

12 months post-baseline, one patient held a paid job (20 hours/week) and one performed  

voluntary work (4 hours/week). At 24 months post-baseline, two patients held paid jobs (20 

and 24 hours/week). In the TAU group, two patients held paid jobs (28 and 5 hours/week) and 

one performed voluntary work (4 hours/week) at baseline. At 12 months, two held paid jobs (40 

and 5 hours/week) and one did voluntary work (12 hours/week). At 24 months post-baseline, 

two patients held paid jobs (40 and 25 hours/week) and two performed voluntary work (12 and 

4 hours/week). 

Cost utility analysis  

Table 3 and Figure 2 show the results of the cost-utility analysis of the base-case and diffe-

rent scenarios. The total incremental cost difference of the base-case scenario between DBS 

and TAU was €41,303 and resulted in a median ICER of €141,446. Given a willingness to pay 

(WTP) value of €80,000, which is the commonly accepted maximum level society is willing 

to pay for a QALY in the Netherlands(23), the base-case scenario has a 25% probability to be  

considered cost-effective. The DBS standard care scenario, which simulated the standard 

DBS care using non-rechargeable stimulators, resulted in a 35% probability to be cost- 

effective. In the rechargeable scenario, which estimated the cost of the rechargeable IPG, 

the median ICER was reduced to €65,394, resulting in a 57% probability to be cost-effective.  

Lastly, when extending the time horizon of the evaluation to four years, the median costs 

per QALY for the base-case came just above the WTP maximum of €80,000. The standard 

DBS and rechargeable DBS scenarios fell below the WTP maximum of €80,000 per QALY. The  

median ICER of the rechargeable DBS turned out to be cost-saving at €4,678 per QALY. For 

the base-case, the standard care scenario, and the rechargeable scenario under the four year 

time horizon, there was a 50%, 55% and 87% probability of being more cost-effective than TAU, 

respectively. 
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M

edication
€ 167.44

€ 167.44
€ 167.44

€ 167.44
€ 167.44

€ 167.44

 
IP

G
 changes

€ 18,191.26
€ 18,191.26

€ 0.00
€ 18,191.26

€ 18,191.26
€ 0.00

 
Additional surgery

€ 1,035.36
€ 1,035.36

€ 1,035.36
€ 1,035.36

€ 1,035.36
€ 1,035.36

Travel cost
€ 194.74

€ 194.74
€ 194.74

€ 194.74
€ 194.74

€ 194.74

Productivity gains
-€ 3,872.83

-€ 3,872.83
-€ 3,872.83

-€ 3,872.83
-€ 3,872.83

-€ 3,872.83

Total cost year 2
€ 27,285.33

€ 27,285.33
€ 27,285.33

€ 27,285.33
€ 27,285.33

€ 9,094.07

Total cost year 3
na

na
na

€ 26,193.92
€ 26,193.92

€ 8,730.31

Total cost Year 4
na

na
na

€ 25,146.16
€ 25,146.16

€ 8,381.09

M
ean total cost D

BS
€ 83,129.86

€ 75,772.66
€ 61,330.14

€ 134,469.94
€ 127,112.74

€ 78,350.64

M
ean total cost TAU

€ 41,700.40 
€ 41,700.40

€ 41,700.40
€ 80,932.14

€ 80,932.14
€ 80,932.14

M
ean increm

ental cost
€ 41,429.45

€ 41,429.45
€ 19,629.73

€ 19,629.73
€ 127,112.74

€ 78,350.64

M
ean increm

ental Q
A

LY
0.26

0.26
0.26

0.60
0.60

0.60

M
ean ICER per Q

A
LY (a)

€ 173,891.97
€ 144,738.33

€ 78,516.65
€ 80,325.56

€ 70,671.71
-€ 719.42

M
edian ICER per Q

A
LY (a)

€ 141,445.74
€ 115,915.71

€ 65,394.25
€ 80,313.09

€ 69,286.82
-€ 4,678.09

%
 ICER

’s under €80.000 (a)
25%

35%
57%

50%
55%

87%

CI 90%
 (a)

[-229.732 - 776.584]
[-173.674 - 659.078]

[-160.971 - 457.572]
[-53.217 - 441.551]

[-68.528 - 403.755]
[-191.693 - 163,974 ]

CI 95%
 (a)

[-960.789 -1.521.257]
[-794.396 - 1.314.795]

[-529.894 - 827.873]
[-283.980 - 752.687]

[-276.257 - 685.058]
[-375.817 - 263,103 ]

legend: H
ospital: Academ

ic M
edical Center; IP

G
: im

plantable pulse generator, ICER
: increm

ental cost effectiveness ratio, CI: confidence interval

Prizes underlined in italic are the variables adjusted in com
parison w

ith the base case scenario. (a) R
esults based on 5000 bootstrapped sam

ples
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Table 3 Cost U
tility D

B
S-TAU

Base case
D

BS standard care
D

BS rechargeable
Base case long term

D
BS standard care 

long term

D
BS rechargeable 

long term

Year 1

Pre-operative
€ 2,237.71 

€ 2,237.71 
€ 2,237.71 

€ 2,237.71 
€ 2,237.71 

€ 2,237.71 

D
BS im

plantation
€ 31,164.67 

€ 26,400.79 
€ 37,263.54 

€ 31,164.67 
€ 26,400.79 

€ 37,263.54 

Follow
-up m

anagem
ent 

 
H

ospital
€ 11,409.64 

€ 11,409.64 
€ 11,409.64 

€ 11,409.64 
€ 11,409.64

€ 11,409.64

 
O

utside hospital
€ 2,528.17

€ 2,528.17
€ 2,528.17

€ 2,528.17
€ 2,528.17 

€ 2,441.55

 
M

edication
€ 124.81

€ 124.81
€ 124.81

€ 124.81
€ 124.81

€ 120.53

 
IP

G
 changes

€ 7,114.01
€ 7,114.01

€ 0.00
€ 7,114.01

€ 7,114.01
€ 0.00

 
Additional surgery

€ 3,404.27
€ 810.95

€ 810.95
€ 3,404.27

€ 810.95
€ 810.95

Travel cost
€ 311.82

€ 311.82
€ 311.82

€ 311.82
€ 311.82

€ 311.82

Productivity gains
-€ 2,450.57

-€ 2,450.57
-€ 2,450.57

-€ 2,450.57
-€ 2,450.57

-€ 2,450.57

Total cost year 1
€ 55,844.53

€ 48,487.33
€ 52,236.07

€ 55,844.53
€ 48,487.33

€ 52,145.17

Year 2

Follow
-up m

anagem
ent

 
H

ospital
€ 7,684.48

€ 7,684.48
€ 7,684.48

€ 7,684.48
€ 7,684.48

€ 7,684.48

 
O

utside hospital
€ 3,884.87

€ 3,884.87
€ 3,884.87

€ 3,884.87
€ 3,884.87

€ 3,884.87
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Figure 2: Cost-effectiveness plane and cost-effectiveness accessibility curve of base-case, standard care, rechargeable and long term
 scenarios

Legend: Cost-effectiveness planes based on 5,000 bootstrapped replications of the ICER of D
B

S com
pared to TAU

. Each plane representing one of the exam
ined scenarios. 

Costs on the y-axis are in euros, and effects on the x-axis in Q
A

LY’s. The colored line indicates the m
edian ICER

. The gray diagonal line indicates a w
illingness to pay (W

TP) 

of €80,000 per Q
A

LY, w
hich is a com

m
only advised W

TP m
axim

um
 In the N

etherlands. M
ost of the bootstrapped replications are positioned in the north-east quadrant of the 

planes, indicating that D
B

S generates m
ore Q

A
LYs at additional costs. 

The cost-effectiveness acceptability curve show
s the probability that D

B
S is m

ore cost-effective than TAU
, given the threshold W

TP value (x-axis) for an extra Q
A

LY. The CEAC 

w
as draw

n based on the distributions of ICER
s over the cost effectiveness plane. The indifference point is reached at a probability of 0.5 on the y-axis. The y-axis indicates 

probability of D
B

S being cost effective com
pared to TAU

; The gray vertical line indicates a W
TP of €80,000 per Q

A
LY.
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Discussion

This first, preliminary economic evaluation of DBS versus TAU for OCD shows that DBS is more 

effective against higher cost. Despite its efficacy, costs of the first two-years are high and 

would have only a 25% probability of being cost-effective under a WTP of €80,000. However, 

DBS  turns out to be cost-effective when rechargeable IPGs are taken in account. Additionally,  

under a four year time horizon all scenarios become attractive from a cost-effectiveness  

perspective, especially the rechargeable scenario, which shows a positive return on invest-

ment and a 87% probability of being cost-effective under a WTP of €80.000. 

 The higher cost of DBS compared to TAU are largely explained by the initial surgical  

procedure (37% of the total cost) and the IPG replacements (30% of the total cost). Since 

this is the first cost effectiveness study in OCD-DBS, we cannot, as of yet, compare this to 

other DBS-OCD cost-effectiveness studies. However, compared to movement disorders, costs  

are markedly higher(24–28). This difference is largely due to the frequency of IPG replace-

ments. A non-rechargeable IPG lasts in movement disorders five years(25), while in our 

study, because of the higher currents used in DBS-OCD, it lasts 14 months. A rechargeable  

IPG on the other hand has a life expectancy of nine years, and although the initial costs  

of purchasing a rechargeable IPG are higher, our findings indicate that within the first two  

years of treatment the total cost of treatment turns out to be lower when using these instead  

of a non-rechargeable IPG. This builds a strong case for the use of rechargeable IPGs cost- 

wise. Comparing the ICER’s in our study with studies in Parkinson disease (PD) shows mixed  

findings. In general, lower costs per QALY are found(29) in DBS for PD, except for the long term 

rechargeable scenario, which is more advantageous. On the other hand, in the largest CE study 

in DBS for PD published so far(28), the cost per QALY was markedly higher compared to our 

findings. This difference is largely explained by the small QALY gain of 0.02 that they found.     

 The scenario analysis show that the maintained effect of DBS on symptoms and 

QOL, together with the high, non-recurrent cost of the initial operative procedure during 

the first year, makes DBS especially attractive when viewed over a longer time horizon. The  

probability of cost-effectiveness under a WTP of €80,000 increases to 50% for the base-case 
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and 55% for the standard care scenario. However, the dominance of the rechargeable IPG  

scenario is undisputed. This is in agreement with a recently published article on the economic 

benefits of rechargeable IPGs in movement disorders.(30) Still, because of more frequent IPG  

replacements and longer life expectancy of patients in OCD-DBS, the savings will likely be 

larger.

Limitations

Our study should be interpreted in the context of several limitations. Firstly, we found a wide 

variance in costs and confidence intervals. This is likely caused by the heterogeneity in 

healthcare usage of therapy refractory OCD patients and the small sample size of our study.  

Although our study involves one of the largest OCD-DBS samples published so far, it is  

relatively small for performing economic evaluations, and therefore our results should be  

interpreted cautiously. Secondly, technical developments such as more efficient IPGs and  

rechargeable IPGs have led to fluctuations in resource use during this study. Thirdly, the  

empirical time horizon of two years was too short to incorporate all relevant cost and  

consequences of DBS. We have addressed these two limitations by modeling different  

scenarios, which is done under certain untested assumptions, which is a limitation by itself. 

Future cost-effectiveness analysis should extend the time frame of the evaluation and keep 

the procedure uniform if possible. Despite these limitations, we have found initial support for 

the cost-effectiveness of long-term DBS for OCD.

Conclusion

Taken together, this first economic analysis of DBS for OCD indicates that DBS is an effective 

but expensive treatment modality. However, DBS has an advantageous probability of being 

cost-effective when evaluated over a longer time period, especially when rechargeable IPGs 

are applied. Based on these results, and given the paucity of treatment options for therapy 

refractory OCD, DBS should be further implemented in standard care for treatment refractory 

OCD patients. 
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Social w
orker

0.24
€ 16.80

0.00
€ 0.00

0.00
€ 0.00

3.00
€ 205.60

A
lternative m

edicine
0.00

€ 0.00
0.24

0.24
0.00

€ 0.00
1.00

€ 57.99

Adm
ission days psychiatry

0.18
€ 44.97

6.18
€ 1,510.84

0.00
€ 0.00

23.91
€ 5,848.45

A
ided living

0.00
€ 0.00

0.00
€ 0.00

82.73
€ 13,719.69

74.55
€ 11,868.28

M
edication

€ 124.81
€ 167.44

€ 272.93
€ 199.01

IPG
 changes

IP
G

 change, non-rechargeable (b)
€ 0.35 

€ 7,114.01 
€ 0.88 

€ 15,503.89 
€ 0.00 

€ 0.00 
€ 0.00 

€ 0.00 

IP
G

 change, rechargeable (b)
€ 0.00 

€ 0.00 
€ 0.12 

€ 2,687.38 
€ 0.00 

€ 0.00 
€ 0.00 

€ 0.00 

A
dditional surgery

R
epositioning electrode, research (c)

€ 0.29 
€ 2,593.32 

€ 0.00 
€ 0.00 

€ 0.00 
€ 0.00 

€ 0.00 
€ 0.00 

R
epositioning electrode, adverse event (c)

€ 0.06 
€ 643.07 

€ 0.00 
€ 0.00 

€ 0.00 
€ 0.00 

€ 0.00 
€ 0.00 

R
ew

iring electrode + IP
G

 change(d)
€ 0.00 

€ 0.00 
€ 0.06 

€ 1,035.36 
€ 0.00 

€ 0.00 
€ 0.00 

€ 0.00 

R
epositioning IP

G
(e)

€ 0.06 
€ 167.87 

€ 0.00 
€ 0.00 

€ 0.00 
€ 0.00 

€ 0.00 
€ 0.00 

Total
€ 24,580.89

€ 30,963.42
€ 21,517.57

€ 26,812.85

Legend: H
ospital: Academ

ic M
edical Center, A

m
sterdam

; IP
G

: im
plantable pulse generator; O

P
C: outpatient center

 
(a)additional scans consist of:  C

T scans, X-ray, M
R

I, ECG

 
(b)cost include, O

P
C neurosurgeon, anesthetist, D

B
S equipm

ent, w
ard stay, staff cost, theater tim

e, ECG

 
(c)cost include: O

P
C neurosurgeon, anesthetist, w

ard stay, staff cost, theater tim
e, ECG

 
(d) cost include (2) + localization equipm

ent use

 
(e)cost include Theater tim

e, staff cost and w
ard stay
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D
BS

TAU

year1
year 2

year 1
year 2

quantity
Total

quantity
Total

quantity
Total

quantity
Total

Follow
 up M

anagem
ent hospital

Psychologist/ psychiatrist/nurse at O
P

C
32.82

€ 6,236.63
21.35

€ 3,894.88
7.70

€ 1,463.04
9.44

€ 1,722.71 

O
P

C visits other specialist
0.88

€ 125.01
0.71

€ 96.01
0.00

€ 0.00
 0.00

€ 0.00 

Adm
ission days psychiatry

18.71
€ 4,766.34

14.35
€ 3,510.90

7.45
€ 1,899.45

7.18
€ 1,756.76

Telephone contacts
8.94

€ 99.80
10.29

€ 110.31
4.45

€ 49.72 
10.09

€ 108.13 

Self-help group
0.59

€ 32.23
1.00

€ 52.59
0.00

€ 0.00
0.00

€ 0.00 

First aid visit
0.24

€ 39.02
0.06

€ 9.37
0.00

€ 0.00
0.00

€ 0.00 

IP
G

 changes
0.65

€ 110.61
0.06

€ 10.43
0.00

€ 0.00
0.00

€ 0.00 

O
utside hospital cost

G
eneral practitioner

8.00
€ 500.82

8.25
€ 495.81

4.89
€ 306.06

4.00
€ 240.39 

Visits at m
ental health care institute 

3.20
€ 600.99

4.50
€ 811.33

4.00
€ 751.23

17.50
€ 3,155.18 

Private psychologist/psychiatrist
7.29

€ 704.98
7.29

€ 676.78
10.22

€ 987.98
9.00

€ 835.05 

Psychologist/ psychiatrist/nurse at O
P

C
0.71

€ 134.12
0.00

€ 0.00
0.00

0.00
3.25

3.25

psychological day treatm
ent

0.00
0.00

0.00
€ 0.00

10.00
€ 1,691.37

0.00
€ 0.00

O
ccupational physician

0.47
€ 29.46

0.24
€ 14.14

0.00
€ 0.00

0.00
€ 0.00

M
edical specialist

1.88
€ 199.50

1.88
€ 191.52

2.22
€ 235.52

2.00
€ 203.49

Param
edic

7.50
€ 296.54

4.50
€ 170.81

3.56
€ 140.58

0.50
€ 18.98

Supplem
entary Table S1 follow

-up m
anagem

ent
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In the introduction of this thesis, I presented Mr. T. who was admitted at the AMC for DBS 

screening. He described how his obsessions and compulsions had ruled his life for more 

than 20 years, how he had become estranged from society, and how he, after years of failed  

treatments, had come to the AMC to apply for DBS. Hearing his dramatic story, knowing the 

invasive nature of DBS and speculating on the consequences, I questioned whether DBS was 

a valuable addition to the treatment for OCD and attempted to answer this by evaluating DBS 

from three different perspectives: that of the professional, the patient, and society.  

Based on these perspectives we formulated the following research questions:

 1. Is DBS for OCD effective and safe?

 2. Does DBS for OCD improve quality of life in OCD patients?

 3. Is DBS for OCD cost-effective? 



66

•  115  •

The professional’s perspective: Is DBS for OCD effective and safe?

In the professional’s perspective, we evaluated DBS on symptom improvement and occur-

rence of adverse events in order to answer the research question: Is DBS for OCD effective 

and safe? From this perspective, DBS would be judged beneficial if it results in significant  

symptom reduction against acceptable risks. 

 In Chapter 2, we reviewed the literature on effectiveness and adverse events and 

found that since the first application of DBS for OCD, almost 20 years have passed. In these 

20 years numerous studies have been published on this subject. Despite the variability of 

several factors such as: targeted location, type of electrodes and study design, we observed 

a consistent beneficial effect for DBS on OCD symptoms. In more than 60% of the published 

cases, a Y-BOCS reduction of more than 35% was found. In the most recent meta-analysis on 

the effectiveness of DBS for OCD(1), this effect was confirmed. The meta-analysis revealed 

a global percentage of responders of 60% and a mean Y-BOCS score reduction of 45% in 31 

studies involving 116 patients. Alongside the reduction in OCD symptoms, DBS of the ventral 

striatal areas was associated with a reduction in anxiety and a strong and stable improvement 

in mood(2–4). These recurring positive results in a severely ill, chronic and therapy refractory 

population indicate that DBS is an effective treatment for therapy refractory OCD patients.

 Regarding the adverse events related to DBS, a division into two domains can be for-

mulated: 1) procedure- and device-related complications, and 2) undesired stimulation effects  

(Chapter 2). The most severe adverse events are procedure- and device-related, such as  

infections (4.3%), hemorrhaging (2.6%), or seizures (0.9%) (ref Alonso). Although severe, the 

risk of these adverse events is rare and similar to DBS for Parkinson’s disease(5), which is an 

often used and accepted end of the line treatment for Parkinson’s disease(6). With regard to 

the stimulation-related undesired adverse events, hypomanic symptoms and an increase in 

anxiety have been reported in approximately 20% of cases(1). These symptoms are mostly 

mild and can be minimized by stimulation adjustment. Given that DBS surgery has compara-

ble risks with an already established treatment(6), and stimulation effects are mostly mild and 

adjustable with stimulation, we conclude that DBS for OCD includes acceptable risks. 
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 Based on the results above, DBS for OCD can be regarded as effective and safe.  

However, these findings must be interpreted while bearing in mind the limited quality of 

evidence. In almost 20 years, only five small RCTs(2,3,7–9), and 19 open trials have been  

published, representing no more than 120 unique patients(1). This current state of evidence 

has led to DBS being mentioned in guidelines as a potential alternative, but not as a standard  

treatment(10,11) for therapy refractory OCD. The next logical step should, therefore, be to 

broaden and improve the current evidence with larger trials. In the past seven years, however,  

this has not occurred. Not one RCT or open trial with more than 20 patients has been  

published, providing the impression that the progress of DBS-OCD research is stalled. We hear 

from other research groups and also notice in our clinical practice, despite the potential of 

DBS, that the number of patients being referred for DBS is modest. This has a direct influence 

on the progress of research because of the long time required to assemble a sufficient number 

of patients for larger RCTs. 

 Speculating on possible reasons for the hindered progress in this research, we 

identify four different factors: Firstly, the strict inclusion and exclusion criteria may signifi-

cantly reduce the number of refractory patients eligible for DBS. Garnaat(12) found that in a  

naturalistic OCD sample only 2 of the 325 patients (0.6%) would be eligible for DBS, which is a 

much lower number than the 10% previously estimated. In spite of this, the estimated number 

of patients eligible for DBS would still be at least 800, when assuming a prevalence rate of OCD 

of 1-3%(13) and a therapy refractory state of 0.6%. This substantially exceeds the 70 patients 

we have currently treated. 

 A second factor might be the fear of surgery. Patel et al.(14,15) found that OCD  

patients judge DBS as the least preferred novel treatment owing to fear of the brain surgery,  

unfamiliarity with the procedure and possible adverse events. Additionally, the stigma of 

brain surgery for psychiatric disorders, stemming from past misuses of psychosurgery, likely  

influences both patients and professionals preferences. Although psychosurgery is now per-

formed in completely different circumstances to those of 50 years ago, crude portrayals in film 

and literature have led patients and clinicians to regard psychosurgery with skepticism(16).
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 This brings us to the third factor, unfamiliarity with DBS. We hear regularly from  

professionals, who are not familiar with DBS in clinical practice, that they just do not think of 

DBS when a patient does not respond to the standard treatments. This might be due to the 

deviant position of brain surgery in psychiatric and psychological care, which mainly consist 

of pharmaco- and psychotherapy. Furthermore, as discussed above, DBS is not in standard 

treatment guidelines, so it depends upon the preference of the professional as to whether 

he will refer for DBS. This presents a stalemate whereby researchers are waiting for more  

referrals, while the professionals are waiting for more evidence.  

 The next step in the use of DBS for OCD should be to increase the level of evidence  

in order to escape from the stalemate that currently exists. Instead of research towards  

predictive factors(17) or the “best” target structure(11) as has recently been proposed by  

different groups, the main focus of the DBS field should be on strengthening the evidence of 

effectiveness. This could be achieved through collaboration between centers by sharing data 

pools and establishing large multicenter trials. Only with stronger evidence can DBS be inclu-

ded as a standard treatment in guidelines making it possible to overcome the above barriers.
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The patient’s perspective: DBS for OCD improve quality of life  in OCD 

patients?

In the patient’s perspective, we evaluated DBS from the viewpoint of the patient. We  

formulated the research question: Does DBS for OCD improve quality of life? We wanted to 

know whether patients experienced their quality of life as better with DBS than without DBS. 

 This thesis, above all, demonstrates that DBS not only improves symptoms but also 

the QOL of patients with therapy refractory OCD. The improvement in QOL was observed after 

eight months and progressed in the following years (Chapter 3). This finding must be viewed 

in the context of the numerous disadvantages which accompany a chronic invasive treat-

ment such as DBS, that is, invasive brain surgery, possible adverse events, and the known and  

unknown disadvantages of living with an implanted stimulator. This finding indicates, taken all 

together, that patients experience a better life with DBS than without DBS. Aligned with this we 

found that the positive effect on QOL is directly related to active stimulation and a cessation  

of stimulation reverts the QOL of patients to a pre-surgery level (Chapter 4). Furthermore,  

anxiety and depressive symptoms worsened to levels higher than pre-DBS surgery, indica-

ting the rebounding of affective symptoms. These findings emphasize the benefit of DBS but, 

also, expose the dependence of patients on stimulation. This highlights the importance of  

accessible and available healthcare at specialized DBS centers. Furthermore, this emphasizes 

that DBS for OCD must be seen as a chronic, presumably life-long treatment. This bring with 

it a lifelong responsibility for the patient and the care-provider. The decision, therefore, to use 

DBS for the treatment of OCD should never be taken lightly. 

 Our finding that QOL further improved years after optimal stimulation settings had 

been established, even when no further reduction of symptoms or disability were evident, is 

interesting. We see in our clinical practice that it takes some time before patients can adjust 

to the new circumstances. We have identified two factors which may influence the improve-

ment in QOL after successful symptom reduction has taken place: firstly, forthcoming new 

problems may present themselves. As Mantione(18) has already stated, the reduction of OCD 

symptoms may cause other problems to become more apparent. The most important of the-
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se being personality disorders, mourning over the lost opportunities in life, and relationship  

problems. Sometimes additional psychological care is necessary to overcome these. Second-

ly, problems due to the long duration of the illness may also manifest themselves. 

 Therapy refractory patients are often socially isolated, or function in social situations  

with a great deal of family accommodation(19), almost all are unemployed, and do not  

participate in hobbies or leisure activities(20). These circumstances have led to an environ-

ment which is low in healthy non-OCD-related stimuli (e.g. friends, hobbies, leisure activities). 

After successful DBS and with the addition of CBT, obsessions and compulsions decrease. 

However, because of the poverty of healthy stimuli in the patient’s environment, reintegrating 

into a normal life and rebuilding satisfactory activities and contacts is difficult and takes time. 

In this context we can also understand why social QOL did not improve significantly during the 

course of our study.  

 Given the difficulties of patients reintegrating into a normal life, we have started a 

treatment group which aims to develop new non-OCD-related stimuli. We differentiated three 

types of stimuli which we aim to increase: firstly, an increase in knowledge, that is, owing to 

the lost years patients are lacking information about the world. They do not know how public 

transport or the Internet works, where shops are situated, or where they can locate leisure 

activities. Secondly, an increase in interests: For years, patients only interests were focused 

upon their OCD. As a result, they have to rediscover what interests them and what they want to 

achieve in life. Thirdly, an increase in resources. Owing to the decline in socio-economic states 

of patients which is associated with therapy refractory OCD (20), we observe that patients 

are hampered in engaging in activities because they do not have much money to spend. In  

addition, they also lack non-monetary resources such as friends, family, and other social  

contacts because of their social isolation. In treatment, therefore, we guide them to begin  

voluntary or paid work. Additionally, patients try to rebuild social contact. Although we are still 

in the process of developing this therapy, the results appear promising, since two of the five 

patients have found work, and four of them have increased their daily activities.
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Quality of life in non-responders on Y-BOCS

Another point of interest was the improvement in QOL we found in non-responders on Y-BOCS. 

This indicates that DBS improves QOL not solely through a reduction of OCD symptoms but 

also through other factors. Huff et al.(21) found a similar effect in a study on the effectiveness 

of unilateral DBS targeted at the NAc. In this study, only one patient had a Y-BOCS improve-

ment of more than 35%, but a significant improvement in QOL was demonstrated. Moreover, 

comparing the change scores on QOL and symptoms between baseline and 3 to 5 years in our 

study (Chapter 3) revealed a correlation between QOL and anxiety and depression, but not bet-

ween QOL and OCD symptoms. This suggests that in particular it is the effect on the affective 

symptoms that improves QOL. This effect is dissimilar compared to other treatment studies 

in OCD, since most of them have found a correlation between OCD improvement and QOL(22). 

Speculating on the mechanism of action, it might be that stimulation influences QOL in a 

more direct way than through OCD symptoms. As Figee et al.(23) have observed stimulation 

of the CSTC network is associated with a normalization of the reward circuitry, and one might 

expect that this normalization of the reward network has a broader influence on a person’s 

life than solely through psychiatric symptoms. As a female patient who was a non-responder 

on Y-BOCS described it: “Since DBS, the burden of my OCD is less disturbing for me, I still have to 

do all my compulsions, but now I can more easily start doing the compulsions.” Before DBS, she 

stayed in bed to avoid the compulsions she had to perform for her morning ritual, but with 

DBS she was able to get out of bed and perform these compulsions more easily. She still had 

periods when she was depressed but even in those periods she was able to begin the day more 

quickly than before. Although she was disappointed in the effect of DBS, she was still satisfied 

with this change as now she is able to live her life, whereas before she had been considering  

suicide. Another non-responding patient on Y-BOCS, who was not familiar with depressive 

episodes, noticed that following DBS she went out more often. She still had to perform all 

the compulsions to ensure that when going out she left her house safely. Following DBS,  

however, she would take this disadvantage for granted, where originally this had been one of 

the reasons for her to stay at home. She also reported that DBS did improve her QOL. These 
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cases indicate that DBS altered their QOL not through symptoms but through the experienced 

burden of the symptoms. Furthermore, these cases raise the question as to whether these 

patients should be judged as non-responders. This question is important because to date the  

effectiveness of OCD treatments is still measured by a reduction of psychiatric symptoms. 

This is likely to have consequences for the future application of DBS as it is likely in the future 

that decisions for the indication and continuation of DBS will be made on responder state.  

Future studies should, therefore, regard QOL as a standard outcome in DBS research so we 

can better differentiate who is truly responding and who is not.  
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Societal perspective: Is DBS for OCD cost-effective? 

In the societal perspective we evaluated DBS from the viewpoint of society and aimed to  

answer the question: Is DBS for OCD cost-effective? From this perspective DBS for OCD would 

be cost-effective, if the costs of one additional year of optimal health or Quality-Adjusted Life 

Year (QALY) are below the price we as a society are willing to pay (WTP). This price, however, is 

arbitrary, differs across several countries, and is the subject of much debate(24). 

 For example, in the Netherlands in 2013, there was public uproar because the  

Healthcare Insurance Board (CVZ) had advised the minister of health to cease medication  

reimbursements for two orphan diseases, namely Pompe disease and Fabry disease. This 

advice was based on a cost-effectiveness analysis which resulted in a cost per QALY of 

€1,000,000 for Pompe disease(25) and a QALY of more than 5,000,000 for Fabry disease(26). 

The minister, however, did not follow this advice due to the furor it caused, and the treatment  

remained reimbursable. This meant that the 114 patients who suffered from Pompe disease  

and the 70 patients who have Fabry disease were still able to be reimbursed for their  

medication. It was thanks to the advice of the CVZ, however, that the minister could make new 

cost arrangements with the pharmaceutical companies which led to a substantial reduction 

in the price. This case proves that the allocation of healthcare resources based on economic 

evaluations is a very complicated matter since lives of individuals are directly affected. 

 In our cost-effectiveness study we used a WTP of €80,000 per QALY, since this is 

the reference price used for illness with a high burden by the Zorginstituut Nederland, the 

succor of the CVZ. The base case scenario had a median cost per QALY of €141,446. Given 

a WTP of €80,000 DBS had a 25% probability of being considered cost-effective, compared 

to the “treatment as usual” group. When we extended the evaluation period from two to four 

years, assuming effects remained stable, the median cost per QALY dropped to €80,313. This 

resulted in a 50% probability of being cost effective. This result shows that the longer the  

effect of DBS is maintained, the better the cost per QALY ratio will be. This because of the high 

initial cost of the surgery and equipment during the first year. This was recently confirmed in a 

Markov model study by Moon(27). In this modeling study a non-rechargeable neurostimulator 
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was used which lasted for three years. The sensitivity analysis showed that the incremental 

cost-effectiveness ratio was the most sensitive to duration of treatment effect ranging from 

US$218,124 per QALY after one year, to US$61,395 at five years and US$37,865 at 10 years. 

Although to date, there is only anecdotal evidence of the effects of DBS after five years(28), it 

is our general impression that the effect of DBS lasts as long as stimulation is continued. It is 

likely, therefore, that the actual cost per QALY in the long term will be lower than the one found 

in our study.

 In the rechargeable scenario, we modulated the use of rechargeable neurostimula-

tors in our analysis. Rechargeable neurostimulators have to be recharged on a daily base, 

but they have a life expectancy of nine years. When we applied these in our analysis the cost 

per QALY dropped to €65,394 after two years and became cost saving at €4,678 after four 

years. Due to the fact that 80% of our total population has been implanted with a rechargeable  

neurostimulator, this scenario probably best reflects the daily reality. This indicates the  

superiority of DBS over the commonly used treatment from a cost-effectiveness viewpoint.

 These results indicate DBS for OCD is cost-effective for therapy refractory OCD,  

particularly when rechargeable neurostimulators are being used. The strength of DBS for 

OCD from the societal perspective is likely most noticeable when viewed over a long-term  

perspective (> 4 years). Firstly, because of the high initial costs of the DBS equipment and 

surgery during the first year and the much lower cost during the following years. Secondly,  

because OCD is chronic but not progressive, and the effect of stimulation on OCD seems  

stable; it is, therefore, possible for patients to rebuild their lives and integrate into society,  

including doing paid or voluntary work. As we have discussed in the section on the patient’s 

perspective, this rebuilding is not something that occurs easily but it is certainly possible, 

since approximately 25% of our current patients are doing paid or voluntary work. Future  

economic modelling studies should incorporate these effects into their analysis.
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Conclusion and Future perspective

This evaluation of DBS for OCD from the perspective of the professional, the patient, and  

society has demonstrated that DBS is effective, involves low risks, improves QOL and is  

likely cost-effective when the effect is maintained and even more so when rechargeable  

neurostimulators are taken into account. We conclude that, hitherto, all perspectives indicate 

that DBS for OCD has clear advantages and acceptable disadvantages, and, therefore, is a  

valuable addition in the treatment of OCD. Nonetheless, there is one major limitation that 

counts for all perspectives and that is that the level of available evidence is still too weak. It 

is, therefore, too soon to say whether it will be an accepted mainstream treatment like DBS 

for movement disorders, or remains a curiosity in the field of psychiatry, along with other  

psychosurgical interventions. The scope of future research may play an important role in these 

issues and, therefore, future DBS-OCD research must focus on applied rather than fundamen-

tal research. This can be achieved through the sharing of existing data pools and organizing 

large international multi-center RCTs, in which along with effectiveness, QOL and cost- 

effectiveness are also taken into account.
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The story of Mr. T



66

•  129  •

What did happen to Mr. T.? He was found eligible for the treatment and received DBS three 

months after his admission. During the first year following the DBS surgery, he was able to 

decrease the time spent on OCD symptoms from 14 hours to less than 60 minutes a day.  

Although Mr. T. was satisfied with the progress he had made, he struggled with his “new” life. 

He realized he had lost more than 25 years, had no friends, and only saw his family occasionally.  

He had no day activities, and had difficulties with the fast pace of the world in conjunction with 

computers and the Internet, which was something he had not used. After DBS, however, for 

the first time in years, he could move through the world without having to avoid things or wash 

everything that might be polluted. He described DBS as a miracle, but still had a long way to 

go. In the ensuing five years I witnessed him rebuilding his life. He reached out to his family, 

and did not miss a single birthday party. He even visited his son who was living abroad and 

saw his grandchildren for the first time. This was something he had never thought possible. In 

the last session I had with him, he stated he had less than 10 minutes of OCD symptoms per 

day. He was satisfied with his life and still thankful that DBS had given him the opportunity to 

live a life that was, in fact, worth living. We spoke about my dissertation and he felt proud that 

I was going to use his case for my dissertation. 

Unfortunately, not that much later Mr. T. died of a lung embolism. 

This personal story of Mr. T demonstrates the positive impact DBS can have on a person’s life. 

It also reveals that DBS is not a miracle treatment and that the effect on the life of a patient 

is strongly dependent on the ways in which the patient is able to capitalize upon the new  

opportunities provided. Secondly, it also exposes in a ruthless way that time matters. It is likely  

that there are many patients like Mr. T. who are considered therapy refractory, but who are 

not being referred for DBS because it is not seen as the standard treatment option for therapy 

refractory OCD. For these patients, time is ticking away. We, therefore, have a responsibility 

to thoroughly investigate, and if found valuable, implement therapies as quickly as possible.
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Summary
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PART I: Introduction

The introduction of this thesis (Chapter 1) described Mr. T., a 56 year old man, who suffered  

from therapy refractory OCD. Through his personal story we became acquainted with the  

impact OCD can have on a patient’s life. Mr. T. was admitted for screening for a new and  

promising treatment: DBS. Based on his personal story and knowing the invasive nature of 

DBS, we questioned whether the benefits of DBS would outweigh the disadvantages. In other 

words, whether DBS for OCD would be a valuable addition to the treatment of patients with 

therapy refractory OCD. In this thesis we answered this question from three different perspec-

tives: that of the professional, the patient, and society. In doing so three different research 

questions arose: 1) Is DBS for OCD effective and safe? 2) Does DBS for OCD improve quality of 

life? 3) Is DBS for OCD cost-effective?

PART II: The professional’s perspective: is DBS for OCD effective and 

safe?

 In Chapter 2, DBS for OCD was introduced by means of its history, procedure, and the possible 

mechanisms of action. Additionally, a review of its efficacy and safety was presented using 

12 open and seven controlled trials of DBS for OCD. Based on this review, a mean responder  

rate (Y-BOCS decrease of ≥ 35%) across all open trials of 68% was found. Furthermore, a  

significant reduction of symptoms was found between DBS-ON and DBS-OFF in the two  

largest sham-controlled ON-OFF studies. With regard to side effects, DBS shows only limited 

side effects, which are generally mild and can mostly be altered by readjusting stimulation. 

We conclude that DBS is an invasive treatment, but it can bring considerable relief for selected 

patients who have failed to respond to standard OCD treatments. Nevertheless, these results 

have to be interpreted with caution since they stem from small sample sizes, apply different 

designs, and use different targets in the brain. 



66

•  132  •

PART III: The patient’s perspective: does DBS for OCD improve quality 

of life?

In Chapter 3, the effect of DBS on QOL was investigated. For this, QOL was assessed in 16  

therapy refractory OCD patients who had been treated with DBS. The assessments took place 

one month before DBS surgery (T0), after eight months of active stimulation (T1), and after 

three to five years active stimulation (T2). A significant improvement was found between T0 

and T2 in all except one domain of the WHOQOL. The general score improved more than 90%, 

while the physical and psychological domains improved 39.5% and the environmental domain 

improved with 16%. This improvement was already found at T1. The social domain was the 

only domain which did not change significantly during the course of our study. Between T1 

and T2, a significant improvement in the physical and psychological domain was seen, even 

when no further symptom reduction or changes in disability occurred. This indicates it takes 

a certain amount of time before patients fully experience the benefits of DBS. We hypothesi-

ze that this is due to the long history of the illness and the widespread avoidance behavior 

that accompanies it. Additionally, preliminary evidence that non-responders on the Y-BOCS do  

improve on QOL was found. This finding may suggest that DBS directly affects general  

measures of well-being independent of symptomatic improvement. We conclude that DBS 

targeted at the NAc for OCD has a positive effect on patients QOL, which is maintained from 

short- to long-term follow-up.   

 Chapter 4 described the impact of cessation of DBS stimulation on anxiety,  

depression, OCD symptoms, and QOL was also examined. In this study, the stimulation of 16  

patients who had been treated for more than one year was abruptly switched off.  After seven 

days of DBS cessation we found anxiety and depression symptom scores increased to levels 

higher than before DBS implantation. Additionally, OCD symptoms and QOL scores recessed 

to similar levels as those prior to DBS implantation. This finding reveals the strong and direct 

relationship between DBS stimulation, symptoms, and wellbeing. In addition, it indicates that 

cessation of stimulation induces the rebounding of affective symptoms. Based on this fin-

ding, we discussed three different mechanisms of action which could explain this effect: 1) 
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Rebound due to autonomic withdrawal symptoms, similar to those seen in the first week of dis-

continuation of psychiatric medication; 2) rebound caused by cravings towards DBS, due to the  

direct effect of DBS on dopamine and the reward circuitry; 3) rebound due to changed personal  

standards, causing a sudden recurrence of symptoms to be experienced as more severe. We 

concluded that the effectiveness of DBS is highly dependent on active stimulation. Acute  

cessation of DBS induces the rebounding of affective symptoms and a relapse of OCD and QOL.

Part IV: The societal perspective: is DBS for OCD cost-effective?

In Chapter 5, the results of the first cost-effectiveness analysis of DBS for OCD were  

presented. In this a comparison was made between DBS and treatment as usual on cost and 

Quality Adjusted Life Years (QALY) for two years. In addition to the base case and primary 

analysis, we estimated the economic potential of DBS using two practice-based scenario  

analyses: (1) a standard care scenario without research and innovation costs, and (2) a  

rechargeable scenario in which we assumed the use of a rechargeable neurostimulator,  

instead of a non-rechargeable neurostimulator. Additionally, we extrapolated all scenarios 

to four years to estimate the long-term cost-effectiveness of DBS. Our cost-effectiveness  

analysis used a willingness to pay (WTP) of €80,000, which is the standard in the Netherlands. 

The results disclosed that DBS is more effective than treatment as usual against higher costs. 

Despite its efficacy, the incremental cost-effectiveness ratio resulted in a (median) cost per 

QALY of €141,446 for the base case scenario and €115,916 for the standard scenario. Against 

a WTP of €80,000, DBS had only a 25% or 35% chance of being considered cost-effective. The 

rechargeable scenario resulted in an incremental cost-effectiveness ratio of €65,394 per QALY 

and indicated that in this scenario DBS would be cost-effective. Moreover, when evaluated 

over a period of four years, all scenarios indicated that DBS is cost-effective against the WTP 

of €80,000. Based on these results and given the paucity of treatment options, we conclude 

DBS should be further implemented in standard care for treatment refractory OCD patients. 

However, further research with larger samples and longer follow-up periods is needed in order 

to strengthen the evidence regarding cost-effectiveness.
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Part V: Discussion

In Chapter 6, we discussed whether DBS viewed from the different perspectives is regarded 

as a valuable addition to the treatment of therapy refractory OCD. We concluded that from 

the professional’s perspective, DBS is effective and safe, but that the quality of evidence 

is still limited, which hampers its further implementation in healthcare. From the patient’s  

perspective, we concluded that patients experience a higher QOL with DBS than without DBS. 

Additionally, we discussed the influence of the long history of the illness on reintegration  

into life and the obstacles patients have to overcome. Lastly, we discussed DBS from the  

societal perspective, and concluded that DBS is a cost-effective alternative for therapy  

refractory OCD; particularly when DBS is evaluated over a long-term perspective based on a 

stable effect and includes the use of rechargeable neurostimulators. Overall, we concluded 

that DBS is a valuable addition to treatment for therapy refractory OCD patients. Nonetheless, 

a major limitation, which counts for all perspectives, is that the level of current evidence is 

still weak. We proposed, therefore, that DBS research should aim to strengthen the evidence  

of effectiveness by sharing existing data pools and organizing large international multi- 

center RCTs, in which along with effectiveness, QOL and cost-effectiveness are also taken into 

account.
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Deel I: introductie

In de introductie van dit proefschrift werd  dhr. T. beschreven, een man van 56 jaar die aan 

een therapieresistente obsessieve-compulsieve stoornis (OCS) leed. Door zijn persoonlijke 

verhaal maakten we kennis met de enorme impact die OCS kan hebben op iemands leven.  

dhr. T. was opgenomen ter screening van een nieuwe en veelbelovende behandelmethode: 

diepe hersenstimulatie (DBS). Bij DBS worden door middel van een chirurgische operatie,  

elektroden in de hersenen geplaatst. De elektroden zijn onderhuids verbonden met een  

neurostimulator, welke ter hoogte van de borst wordt geïmplanteerd. Deze neurostimulator 

stuurt elektrische stroom naar de elektroden, en is het best te vergelijken met een pacemaker. 

Na de operatie volgt er een intensieve periode van het zoeken naar de geschikte stimulatie-

parameters en cognitieve gedragstherapie. Gedurende deze periode en vermoedelijk levens-

lang, worden de hersenen gestimuleerd. Op basis van het verhaal van dhr. T. en het invasieve 

karakter van deze nieuwe behandelmethode, stelden we de vraag of de voordelen van de  

behandeling op zouden wegen tegen de nadelen. Met andere woorden, is DBS een waardevolle 

toevoeging aan het behandelaanbod voor patiënten met een therapieresistente vorm van OCS. 

 In dit proefschrift hebben we deze vraag proberen te beantwoorden vanuit drie  

verschillende perspectieven: die van de professional, de patiënt en de maatschappij. Zodoende  

ontstonden er drie onderzoeksvragen: 1) Is DBS voor OCS effectief en veilig?  2) Verbetert DBS 

voor OCS de kwaliteit van leven? 3) Is DBS voor OCS kosteneffectief?

Deel II: het perspectief van de professional. Is DBS voor OCS effectief 

en veilig?

In hoofdstuk 2 wordt DBS gepresenteerd aan de hand van de geschiedenis, de procedure 

en het mogelijke werkingsmechanisme. Daarnaast wordt een review gepresenteerd over de  

effectiviteit en de veiligheid van DBS voor OCS gebruikmakend van 12 open en 7 gecontroleer-

de studies (hoofdstuk 2). Uit deze review kwam naar voren dat 68% van de patiënten reageert 

op DBS (Y-BOCS-daling van meer dan 35%). Tevens werd er een significante vermindering 

van klachten waargenomen wanneer men DBS-Aan vergeleek met DBS-Uit in de 2 grootste  
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gecontroleerde Aan-Uit studies. Met betrekking tot bijwerkingen werd gevonden dat DBS 

weinig bijwerkingen had welke meestal mild en door middel van stimulatieaanpassingen  

verdwenen. We concludeerden dat DBS een invasieve, maar veilige behandeling is die patiënten  

met therapieresistente OCS aanzienlijke vermindering van symptomen kan brengen. Niet-

temin moeten deze resultaten met enige voorzichtigheid worden geïnterpreteerd omdat ze 

gebaseerd zijn op kleine onderzoeksgroepen, die bovendien van elkaar verschillen in onder-

zoeksopzet en gestimuleerd hersengebied. 

Deel III: het perspectief van de patiënt. Verbetert DBS voor OCS de  

kwaliteit van leven?

In hoofdstuk 3 werd de impact van DBS op de kwaliteit van leven onderzocht. Dit werd gedaan 

door 16 therapieresistente OCS-patiënten, die behandeld werden met DBS, op 3 verschillende 

momenten te meten. Het eerste meetmoment was 1 maand voor DBS-operatie (T0), het vol-

gende was 8 maanden na het aanzetten van de stimulatie (T1) en het laatste meetmoment was 

na 3 tot 5 jaar actieve stimulatie. Er werd een significante verbetering gevonden tussen T0 en 

T2 op alle domeinen van kwaliteit van leven, behoudens de sociale component. De algemene 

kwaliteit van leven verbeterde met 90%, het fysieke en psychologische domein verbeterden  

beiden met 39.5% en het omgevingsdomein liet een verbetering van 16% zien. Deze  

verbetering werd gezien op T1 en T2. Tussen T1 en T2 werd een verdere significante ver-

betering van de scores op de fysieke en psychologische domeinen van kwaliteit van leven  

gevonden, maar  geen vermindering van de klachten of van de ervaren hinder door de  

klachten. Dit wijst erop dat patiënten tijd nodig hebben om ten volle te profiteren van de  

gezondheidswinst van DBS. We vermoeden dat dit komt door de lange ziektegeschiedenis en 

het wijdverspreide vermijdingsgedrag dat hier vaak mee samenhangt. Tevens vonden we aan-

wijzingen dat ook patiënten die niet verbeterden op de Y-BOCS, wél een verbetering in kwaliteit 

van leven lieten zien. Dit kan erop wijzen dat DBS een direct effect heeft op de kwaliteit van 

leven, welke losstaat van de vermindering in OCS-klachten. We concludeerden derhalve dat 

DBS voor OCS een positief effect heeft op de kwaliteit van leven. 
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 In hoofdstuk 4 werd de impact van het acuut stopzetten van de stimulatie op angst, 

stemming, dwang en kwaliteit van leven onderzocht. In deze studie werd de stimulatie van 16 

patiënten die allen ten minste 1 jaar met DBS behandeld werden, acuut gestopt voor 1 week. 

Na 7 dagen bleek dat de scores op dwang en kwaliteit van leven waren gedaald naar het niveau 

van vóór de DBS-operatie, en dat de scores voor angst en stemming zelfs lager waren dan 

het niveau vóór de operatie. Deze bevindingen laten een sterke en directe relatie zien tussen 

stimulatie enerzijds en klachten en welbevinden anderzijds. Daarnaast wijst deze bevinding 

op een affectieve rebound veroorzaakt door het acuut stopzetten van stimulatie. Er werden 3 

hypothesen geformuleerd die de rebound zouden kunnen verklaren: 1) Autonome onttrekking, 

een verschijnsel dat ook optreedt gedurende de eerste week van het stopzetten van som- 

mige psychiatrische medicatie; 2) Hunkering naar DBS, veroorzaakt door het directe effect van 

DBS op dopamine en het beloningscircuit; 3) Verandering van persoonlijke normen, waardoor 

patiënten een terugval als ernstiger dan voorheen ervaren omdat men dat niet meer gewoon 

is. Geconcludeerd werd dat de effectiviteit van DBS sterk afhankelijk is van actieve stimulatie. 

Het acuut stopzetten van stimulatie veroorzaakt een rebound van affectieve klachten en een 

terugval op het gebied van dwang en de kwaliteit van leven. 

Deel IV: het perspectief van de maatschappij. Is DBS voor OCS  

kosteneffectief? 

In hoofdstuk 5 werden de resultaten van het eerste onderzoek naar de kosteneffectiviteit 

van DBS voor de behandeling van OCS gepresenteerd. In deze studie vergeleken we DBS met 

de gangbare behandeling voor therapieresistente OCS op kosten en kwaliteit gecorrigeerd  

levensjaar (QALY: Quality-Adjusted Life Year) gedurende 2 jaar. Naast de basisanalyse werd 

een schatting gemaakt van het economisch potentieel van DBS, gebruikmakend van 2  

verschillende scenarioanalyses: 1) het standaardzorgscenario, zonder onderzoek en ontwik-

kelkosten, en 2) het oplaadbaar scenario, waar men uitgaat van het gebruik van een oplaadbare  

neurostimulator in plaats van een niet-oplaadbare. Beide scenario’s werden geëxtrapoleerd 

tot een periode van 4 jaar om een inschatting te kunnen maken van de kosteneffectiviteit op 
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lange termijn. De kosteneffectiviteitsanalyse hanteerde een “willingness to pay” (WTP) van 

€80.000 per QALY, welke in Nederland als standaard wordt gebruikt. Uit de resultaten bleek 

dat DBS effectiever is dan de gangbare behandeling, maar wel meer kost. Ondanks de hogere 

effectiviteit kwamen de (mediaan) kosten per QALY uit op €141.446  voor de basis-analyse en 

€115.916 voor het standard scenario. Tegen een WTP van €80.000 had DBS slechts 25% of 

35% kans om onder de gestelde WTP te blijven. Het scenario van de oplaadbare neurostimu-

lator resulteerde in €65.394 per QALY en hier bleek DBS kosteneffectief. Wanneer DBS werd  

geëvalueerd over een periode van 4 jaar bleken alle scenario’s kosteneffectief tegen de 

WTP van €80.000. Gebaseerd op deze resultaten en gegeven het gebrek aan alternatieve  

behandelingen, concludeerden we dat DBS verder geïmplementeerd moet worden in de stan-

daardbehandeling voor patiënten met therapieresistente OCS. Niettemin is meer onderzoek 

met grotere groepen noodzakelijk om het bewijs te versterken. 

Deel V: discussie

In hoofdstuk 6 bespraken we op basis van bovenstaande stukken in hoeverre DBS beschouwd 

mag worden als een waardevolle toevoeging voor het behandelaanbod voor patiënten met 

therapieresistente OCS. Vanuit het professionele perspectief kan DBS gezien worden als  

effectief en veilig. Echter, de kwaliteit van onderzoek is beperkt, wat de implementatie in de 

standaardgezondheidszorg hindert. Vanuit het perspectief van de patiënt concludeerden we 

dat DBS voor OCS zorgt voor een verbetering van kwaliteit van leven. Daarnaast bespraken 

we het belang van de lange ziektegeschiedenis op de verbetering van kwaliteit van leven 

en de hindernissen die men hierdoor moet nemen. Als laatste komt het perspectief van de  

maatschappij aan bod. Uit ons onderzoek bleek dat DBS voor OCS op de lange termijn  

kosteneffectief is, uitgaande van een langdurig stabiel effect en vooral bij gebruik van op-

laadbare neurostimulatoren.  De verschillende perspectieven samengenomen concludeerden  

we dat DBS voor therapieresistente OCS-patiënten een waardevolle toevoeging is aan het  

behandelaanbod. Er is echter één grote limitatie welke geldt voor elk van de verschillende  

perspectieven: beperkt bewijs, door kleine studies. Daarom zou het toekomstige DBS-onder-
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zoek zich meer moeten richten op het verstevigen van de kwaliteit van onderzoek. Dit door 

het delen van beschikbare databronnen tussen verschillende DBS centra en het uitvoeren van  

grote internationale studies, waar naast effectiviteit ook kwaliteit van leven en kosteneffecti-

viteit wordt meegenomen.
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Gedurende de acht jaren dat ik aan dit proefschrift heb gewerkt, heb ik meermaals terug-

gedacht aan mijn besluit om dit traject in te gaan. Daar ik twijfelde, vroeg ik verschillende  

personen om advies. Met een enkele uitzondering raadde iedereen het mij af. Het zou lang en 

zwaar zijn, veel stress opleveren en onduidelijk zijn wat het me in de toekomst zou brengen. 

Dat ik ondanks dit goedbedoelde advies toch besloten had om voor dit PhD traject te kiezen 

heeft me meermaals gesterkt. Ik kon niemand iets verwijten, ik had het aan mezelf te danken.  

Daarom wil ik, misschien wat ongebruikelijk maar zeer gemeend, mezelf bedanken. Pieter  

bedankt, dat je de stap hebt gezet, maar vooral dat je hebt volgehouden. Achteraf kan ik zeggen  

dat dit PhD traject, inderdaad lang en zwaar is geweest, me veel stress heeft gebracht en me 

verschillende onduidelijke dingen heeft opgeleverd waaronder: de mogelijkheid om mijn eigen 

grenzen op te rekken, talloze interessante ontmoetingen met leuke, slimme mensen en een 

affiniteit voor onderzoek die ik wellicht niet meer kwijt raak. Achteraf kan ik zeggen dat het 

zeker de moeite waard was. De voltooiing van dit PhD traject was echter niet mogelijk geweest 

zonder de steun en hulp van verschillende mensen die ik graag hier wil bedanken. 

Allereerst de patiënten die deel hebben genomen aan de onderzoeken, dank voor jullie inzet en 

jullie geduld bij het invullen van de verschillende vragenlijsten. Dank ook aan de verschillende 

DBS patiënten die ik heb behandeld in de afgelopen perioden. Dankzij jullie verhalen en open-

heid kreeg ik inzicht in de impact van OCD en DBS op het leven. 

Prof. dr. D.A.J.P. Denys, mijn promotor. Damiaan, ik herinner me nog goed hoe jij tijdens ons 

eerste gesprek, eerst al mijn onderzoeksvoorstellen met de grond gelijk maakte, en vervolgens 

mij de kans gaf om een PhD traject te starten, iets wat ik zelf nooit voor mogelijk hield. Dit  

eerste gesprek was typerend voor de vele gesprekken die daarna kwamen. Je was kritisch, 

maar gaf vertrouwen en spoorde me aan mezelf te overstijgen. Achteraf kan ik zeggen dat ik 

mezelf inderdaad ben overstegen, en dat is iets waarvoor ik je nu zeer erkentelijk ben. Daar-

naast wil ik je danken voor de plezierige samenwerking en de lessen die je terloops gaf over 

wetenschap, psychiatrie en het leven. 
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Dr. M. Blankers mijn co-promotor. Beste Matthijs, vanaf het moment dat jij bij mijn PhD  

project bent betrokken heeft er zich een gestage voortgang ingezet welke heeft geleid tot dit  

eindresultaat. Jouw gestructureerde, immer rustgevende, alles onder controle houding waren 

voor mij een ontzettende steun en baken van rust in de turbulente tijden. Ik heb ontzettend 

veel van je geleerd op gebied van kosten-effectiviteit en onderzoek in het algemeen. Hartelijk 

dank daarvoor.

Ook zou ik de leden van mijn promotiecommissie, Prof dr. W. van den brink, Prof. dr. H.F.E. 

Smit,  Prof. dr. S. Pallanti, Dr. D.W. Rietveld,  Dr. J. Luigjes  willen bedanken voor het kritisch 

doorlezen en beoordelen van het manuscript. 

Mijn DBS collega’s. Martijn, het zal wellicht weinigen verbazen dat jij degene was die mij het 

PhD zonder enige aarzeling ten volle aanraadde, jouw niet aflatende motivatie en passie voor 

onderzoek zijn een inspiratie. Dank ook voor de talloze wetenschapslessen op de fiets. Pelle, 

zelfs in mijn zwartste dagen wist jij deze moeiteloos te toppen. Zoals je het reeds verwoor-

de, als men mag parasiteren op tegenspoed dan zit het goed. Nienke, de talloze uitspraken 

rondom het thema: “daar moeten we een artikel over schrijven”, maar vooral je betrokkenheid bij 

het team en patiënten zorgden voor een prettige, dynamische, onderzoekvriendelijke sfeer op 

de afdeling, dank hiervoor. Mariska, DBS’er van het eerste uur.  Ik heb ontzettend veel van je 

geleerd over OCD en DBS. Jouw betrokkenheid bij de patiënten en geloof in eigen kunnen zijn  

een inspiratie. Ronny Boy,  wat een genot om jou als DBS collega te hebben! Je was een oase 

van rust op onze soms stressvolle afdeling. Steeds maakte je tijd en wist je met een vanzelf-

sprekendheid die jou zo eigen is de zaken terug in de juiste proportie te brengen. 

Mijn lieve angst collega’s, Marthe, Bernadette, (de uitvoerige dankbetuiging komt in het  

tweede deel) Karolien, Inge, Janinne, Niels, Christianne, Iris, Babette, Marieke, Annemieke,  

Carla, Sylvia, Evelien, Nynke, Jessica, Mirjam, Simone, Shanna, Saskia, Judith en Petra. Wat 

is het fijn om in een team te werken met zulke slimme, creatieve, leuke mensen. Dank voor 
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het  begrip en de ruimte die jullie gaven voor de talloze keren dat ik zei: “nee, ik kan niet ik heb  

onderzoeksdag”. Maar daarnaast dank ook voor al de gezellige stress reducerende momenten  

op kantoor, bij de koffietentjes op het voetenplein en natuurlijk in het “happiness station”.  

Charlotte, dank voor het delen van alle vreugd en leed welke we samen hadden als Phd  

student, ouder van drie kinderen en klinisch behandelaar. Arnoud, Je niet aflatende drive tot  

vernieuwing, de ruimte die je laat en creëert voor denken en je regie bevorderende stijl van 

leidinggeven zorgden voor een ideale omgeving om mezelf te ontplooien, heel erg bedankt 

hiervoor. 

Barbara, Ditte en Carin. Dank voor jullie betrokkenheid en humor, en voor de talloze malen dat 

jullie mij tot zelfrelativering brachten wanneer mijn hoofd weer eens te vol zat.  

Onze neurochirurgen Rick en Pepijn, zonder jullie zou er geen DBS onderzoek zijn. Dank ook 

voor het kritisch meelezen maar ook jullie inzichtgevende uitleg over hersenstructuren en DBS 

tijdens onze behandelplanbesprekingen.

De mensen van de financiële en ondersteunende afdeling, Truus, Oskar, Jenine en Dennis, die 

me hebben geholpen om helderheid te krijgen in de gebruikte zorg en de bijbehorende kost-

prijzen.

Brent Opmeer, bedankt voor het sparren over kosten-effectiviteitsonderzoek en je begeleiding 

in het begin van mijn PhD onderzoek.  

Renske, Judith, Nancy en Gaby, dank voor de ondersteuning bij de door mij zo geliefde admi-

nistratieve rompslomp rondom dit proefschrift en het creëren  van tijd zonder dat er tijd was. 

DBS en andere onderzoekers: Luka, Ruud, Collin,  Judy, Arjan, Melisse, Maarten, Chris, Rianne, 

Ruth, Carin, Guido, Martine, Bart, Nina, Sanneke, Marloes, Ingo en Tim. Het was een feest om 
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met jullie over DBS, compulsivity, wetenschap, de wereld en alles wat daar mee samenhangt 

te mogen praten. Jullie kennis, humor en passie voor wetenschap zijn zeer motiverend en  

brachten me veel plezier. Ik kijk uit naar verdere samenwerking.  

Zoals Flip Kowlier het zo mooi zong: “Min moaten min moaten, ik zie under hirne, wik zoek doen 

zonder hidder.” In het bijzonder, Da Boyzz, Kees, Jorrit, Andre, Jeroen, Herman, en Koen. Wat 

was het heerlijk om na een avondje met jullie, wanneer de kater was uitgewerkt, te merken dat 

ik het werk weer in de juiste proporties zag. Rogier, jij was degene die me heeft binnengeloodst 

in het AMC dus daarvoor alleen heb je al een grote bijdrage aan dit proefschrift, maar daar-

naast wil ik je ook bedanken voor je complete desinteresse in onderzoek en al de gesprekken 

of de fiets van en naar het AMC en daarbuiten die daar gelukkig niet over zijn gegaan. Arjen, 

Remco, Maarten, Robert, Dries, Martijn, Bart, Timo, en Maarten. Kerels, wat is het goed om 

zulke vrienden als jullie te hebben, allemaal uiterst bekwaam in het belang hechten aan de 

belangrijke zaken van het leven.  

Mijn Paranimfen, Isidoor en Geert, wat voel ik me vereerd dat jullie naast me zullen staan bij 

de verdediging van dit proefschrift. Isidoor als er iemand een grote bijdrage heeft geleverd 

aan het plezier van het promoveren dan ben jij dat wel. Ik ben ontzettend blij dat ik samen met 

jou onderzoek naar DBS kon doen. Los van je uitmuntende wetenschappelijke vaardigheden, 

welke ik talloze malen heb aangesproken, was het een genot om met jou het leven en lijden 

van een (jonge) PhD student te delen.  Ondanks dat we wellicht allebei een andere kant opgaan 

hoop ik en verwacht ik, dat we dit in de toekomst verder zetten. Geert, jouw interesse in mijn 

werk en onderliggende trots zijn voor mij een grote motivator geweest om dit proefschrift af te 

ronden. Het is zo fijn om een broer te hebben waar ik altijd terecht kan en weet dat hij mij altijd 

begrijpen zal, zelfs als ieder ander dat niet zou doen. 

Make, je hebt het mogelijk gemaakt dat ik kon studeren en je onvoorwaardelijke trots en liefde 

zijn een belangrijke drijfveer geweest in het completeren van dit proefschrift. Dat jij recentelijk 
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op je 63e de Himalaya bent overgetrokken doet vermoeden dat ik een belangrijk deel van mijn 

nieuwsgierigheid en doorzettingsvermogen die nodig waren voor de voltooiing van dit werk 

van jou heb, het andere deel zal ik vast van onze Papa hebben meegekregen. Beiden, super 

bedankt voor dit alles!

Lieve familie, Willie, Sam, Willem, Natasja, Wijnand, Kristel en Davina, dank voor jullie betrok-

kenheid en het meeleven gedurende al die jaren. Wat is het fijn om in zo een warm bad als bij 

jullie terecht te zijn gekomen. 

Mijn 3 fantastische kinderen, Ward, Rozie en Miena. Lieve schatten, jullie zijn drie bronnen van 

puur geluk, en speelden een essentiële rol in het verlagen van de werkstress en het verhogen 

van mijn eigen kwaliteit van leven gedurende dit traject. Dank voor jullie zijn. 

Linda. Waar te beginnen… de bijdrage die jij aan dit proefschrift hebt is moeilijk onder woorden 

te brengen, op zo veel verschillende vlakken heb jij een rol gespeeld, dat het voelt alsof we dit 

PhD traject samen afronden. Gedurende al die jaren was jij daar als sterke, slimme, kritische, 

grappige sparringpartner, waar ik terecht kon over alles wat direct en indirect relatie had met 

dit proefschrift. Daarnaast creëerde je met je liefde en je zorgzaamheid een thuis waar het 

heerlijk is om deel van uit te maken. Dank voor al die jaren dat jij aan mijn zijde stond, dat er 

nog 100 mogen bijkomen.
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