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Chapter 11

Neurosurgical targets for compulsivity:

what can we learn from acquired brain lesions? 

Martijn Figee, Ilse Wielaard, Ali Mazaheri and Damiaan Denys

Neuroscience and Biobehavioral Reviews 2013, 37(3), 328–339

Treatment efficacy of Deep Brain Stimulation (DBS) and other neurosurgical 

techniques in refractory Obsessive-Compulsive Disorder (OCD) is greatly 

dependent on the targeting of relevant brain regions. Over the years, several 

case reports have been published on either the emergence or resolution of 

obsessive-compulsive symptoms due to neurological lesions. These reports can 

potentially serve as an important source of insight into the neuroanatomy of 

compulsivity and have implications for targets of DBS. For this purpose, we 

have reviewed all published case reports of patients with acquired or resolved 

obsessive-compulsive symptoms after brain lesions. We found a total of 37 case 

reports describing 71 patients with acquired and 6 with resolved obsessive-

compulsive symptoms as a result of hemorrhaging, infarctions or removal 

of tumors. Behavioral symptoms following brain lesions consisted of typical 

obsessive-compulsive symptoms, but also symptoms within the compulsivity 

spectrum. These data suggests that lesions in the frontostriatal circuit, parietal 

and temporal cortex, cerebellum and brainstem may induce compulsivity. 

Moreover, the resolution of obsessive-compulsive symptoms has been reported 
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following lesions in the putamen, internal capsule and fronto-parietal lobe. 

These case reports provide strong evidence supporting the rationale for DBS 

in the ventral striatum and internal capsule for treatment of compulsivity and 

reveal the putamen and fronto-parietal cortex as promising new targets. 

1. Introduction
Compulsivity encompasses the repetitive, irresistible urge to perform a 

behavior, the experience of loss of voluntary control over this intense urge, the 

diminished ability to delay or inhibit thoughts or behaviors, and the tendency to 

perform repetitive acts in a habitual or stereotyped manner (expert consensus 

meeting, Denys et al., 2010). Compulsivity occurs in a broad range of psychi-

atric disorders, such as drug addiction, Tourette’s syndrome, impulse control 

disorders and eating disorders, but it is epitomized by obsessive-compulsive 

disorder (OCD). OCD is a chronic psychiatric illness in which the person 

suffers from recurrent and disturbing thoughts (obsessions) that cause distress 

and ritualistic acts (compulsions) that are usually performed to neutralize the 

distress (Diagnostic and Statistical Manual of mental disorders (DSM-IV-TR, 

2000). Previous research estimated that pharmacotherapy and behavioral 

therapy provide on average a 40-60% symptom reduction in half of OCD 

patients, however, approximately 10% of patients remain severely affected and 

suffer from treatment-refractory OCD (Denys, 2006). For a small proportion of 

treatment-refractory patients, ablative neurosurgery or deep brain stimulation 

(DBS) may be appropriate (de Koning et al., 2011). DBS involves the implanta-

tion of electrodes that send electrical impulses to specific locations in the brain. 

In contrast to ablative neurosurgery, DBS is reversible and adjustable. The 

location in the brain is chosen according to the type of disorder to be addressed 

and its putative neuroanatomical correlates (Rauch, 2003). Numerous neuro-

imaging studies have related OCD to pathology in the cortical-striatal-pallidal-

thalamic-cortical (CSTC) network (Saxena et al., 1998; Menzies et al., 2008). 

In the CSTC network, information from limbic and associative cortices is 

integrated in the striatum, projected on to the globus pallidus, subthalamic 

nucleus and substantia nigra and then returned to the cortex through a thalamic 

relay (Alexander, 1986). The CSTC network integrates cortical with subcortical 

information for the selection of automatic motor and cognitive programs that 
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maximize rewarding outcomes, and these features are dysfunctional in OCD 

(e.g. chapter 2, Figee et al., 2011). Accordingly, targets that have been used 

for DBS treatment in over 100 patients with OCD are all located within the 

CSTC-circuit: the anterior limb of the internal capsule (ALIC), ventral capsule/ 

ventral striatum (VC/VS), nucleus accumbens, subthalamic nucleus and the 

inferior thalamic peduncle (chapter 10). However, stimulation of these differ-

ent targets has resulted in variable efficacy, ranging from a minimal response 

to almost complete remission of symptoms. 

 We argue that neuroimaging data by itself may be inadequate as a 

theoretical basis for choosing DBS targets, given that any hyper/hypo activa-

tion in a region could be a symptom of the illness, rather than its cause. In 

this paper, we will explore a new avenue to achieve reliable information on 

potential targets for DBS in OCD. We will review available neuroanatomical 

information from case reports of patients with acquired or remitted OCD due to 

infarctions or other brain lesions. We believe that lesion studies provide a very 

strong foundation for a possible link between a brain region and a behavior 

(in this case compulsivity). Furthermore, circumscribed brain lesions that 

induce or resolve obsessive-compulsive symptoms may reflect important brain 

network nodes that can be inhibited or excited with DBS. Ultimately, the goal 

of our endeavor is to use the information yielded by lesion studies as a potential 

guide for defining optimal brain targets for therapeutic DBS in OCD and other 

compulsive disorders.

2. Methods
Published studies of case reports with acquired OCD were identified through 

searches of electronic databases (e.g. PsycINFO, PubMed) and reference lists 

of scientific articles. We searched for: obsessive-compulsive disorder (OCD), 

obsessive-compulsive behavior (OCB), obsession, compulsion, stereotyped 

activities, lesion, injuries, damage, CVA, hemorrhage, tumor, infarction, stroke, 

disease, Parkinson’s, Huntington’s, Wilson’s, Tourette’s, Sydenham chorea, 

basal ganglia, lenticular (nuclei), striatum, caudate, putamen, nucleus accum-

bens, globus pallidus, internal capsule, limbic system, amygdala, brainstem, 

hypothalamus, pineal region, cerebellum, frontal, parietal, temporal and occip-

ital lobe or cortex. These words were entered in different combinations in the 
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electronic databases. We included all studies that contained cases of patients 

with acquired obsessive-compulsive symptoms due to a neurological lesion, 

or due to a disease that affected brain tissue or closed head injuries. We only 

included case reports that also reported neuroanatomical data using Computed 

Tomography (CT) or structural Magnetic Resonance Imaging (MRI), or using 

functional imaging like Positron Emission Tomography (PET) or functional 

MRI. This pursuit yielded an initial sample of 42 articles that reported a total 

of 87 cases, published between 1954 and 2012. From this sample, we excluded 

three articles because of the lack of individual patient information (Alegret et 

al., 2001; Giroud et al., 1997; Berthier et al., 2001). Additionally, two studies were 

excluded for methodological reasons: one study did not provide detailed neuro-

imaging information (McKeon et al., 1984), while the other did not describe an 

acquired brain lesion (Giedd et al., 1996). Articles that reported improvement or 

disappearance of obsessive-compulsive symptoms after brain injury were also 

included (Fujii et al., 2005; Yaryura-Tobias & Neziroglu, 2003; Oh et al., 2011; 

Diamond et al., 2011; Daumézon et al., 1954; Solyom et al., 1984). A total of 37 

case reports (articles) dated from 1988 until 2011 were included, containing 

71 cases of acquired compulsivity and 6 cases of remitted compulsivity. The 

age-range of the patients were 4-78 yrs., mean age 44.8 yrs. (sd: 21.5 yrs.), 

male/female ratio was 3:2. 

3. Results
The case reports will be grouped, presented and discussed according to the brain 

structure involved. If a specific brain region is related to many cases we will 

only describe a few exemplary ones into more detail. Table 1 summarizes the 

numbers of patients for each region, table 2 summarizes which symptoms are 

related to the affected brain regions and supplemental table 1 lists all included 

case reports with more detailed information. Brain regions implicated to be 

involved with symptoms of OCD through case studies, neuroimaging studies 

and DBS targets are illustrated in figures 1-3 respectively. We will begin with 

studies on lesions that result in the inducement of OCD symptoms, followed by 

studies reporting remission of OCD-symptoms.of OCD symptoms, followed 

by studies reporting remission of OCD-symptoms.
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Inducement of OCD-symptoms

Basal ganglia (unspecified)
Involvement of the basal ganglia is the most often described finding in case 

reports on acquired OCD. Twenty-six case reports (33 individual patients) 

mentioned development of OCD following infarcts, tumors or calcifications in 

the basal ganglia. In 24 out of 33 patients, the basal ganglia were exclusively 

involved. For example, Chacko and colleagues (2000) presented four patients in 

which late-onset OCD symptoms followed infarcts or calcifications of uni- or 

bilateral basal ganglia (although, the exact basal ganglia structures were not 

reported). Patients with basal ganglia lesions developed classic ego-dystonic 

obsessive-compulsive symptoms, like fear of harming (others), religious obses-

sions and compulsive checking, ordering and counting. However, behaviors 

within the broader obsessive-compulsive spectrum were also noted, e.g. 

compulsive hair combing and mirror checking, pathological jealousy and 

hypochondria. Other obsessive-compulsive symptoms that have been reported 

after basal ganglia lesions include: ‘needing to know’ obsessions, contamina-

tion fear, washing, repetition and stereotypical or ritualistic behaviors. Mood 

and personality changes including apathy were also observed in a few cases, 

as well as cognitive decline. In summary, these studies taken together suggest 

that lesions in the right or left basal ganglia are linked to the onset of typical 

symptoms of OCD such as contamination fear, high-risk assessment, checking 

and counting, but also to symptoms within the obsessive-compulsive spectrum. 

Caudate nucleus/ nucleus accumbens 
The acquirement of OCD symptoms were linked to lesions of the caudate 

nucleus in 11 patients, and to lesions of the nucleus accumbens in three patients. 

Thobois et al. (2004) for example, presented a 24-year-old male who started 

compulsively avoiding using words and sentences containing exactly 10 letters 

or words after removal of a hematoma located at the head of the left caudate 

nucleus. Importantly, these compulsions were described as ego-dystonic, but 

not associated with anxiety. Tonkonogy & Barreira (1989) described a case of 

OCD due to bilateral caudate atrophy, whereas OCD symptoms were related to 

lesions of caudate in combination with other striatal structures in three cases 

ch 11
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of Laplane et al. (1981) and Weilburg et al. (1989). Weilburg et al. (1989) wrote 

about a 24 year old student who exhibited contamination fear obsessions and 

washing, checking and counting compulsions, related to left-sided (potential 

congenital) abnormalities in the head of the caudate nucleus and putamen. An 

8 year old girl with a tumor affecting the ventral striatum/ nucleus accumbens, 

developed compulsive readjustment of her glasses for a ‘just-right’ feeling and 

vocal and motor tics (Peterson et al., 1996). In this case other areas were also 

affected such as the thalamus, hypothalamus and internal capsule. The nucleus 

accumbens was also affected, in combination with orbitofrontal cortical 

damage, in two patients with compulsive hoarding (Anderson et al., 2005). In 

summary, these studies found that lesions to the caudate nucleus are linked 

to the emergence of typical ego-dystonic obsessions and compulsions without 

changes in anxiety. 

Putamen
The acquirement of OCD symptoms after lesions in the putamen was reported 

in in 11 patients. For example, a lesion of the left putamen was found in a woman 

who exhibited obsessive worries and severe compulsions consisting of repetitive 

stereotypic behaviors (Daniele et al., 1997). A combination of anorexia nervosa 

(food-related preoccupations and compulsive exercising) and OCD occurred 

after a putaminal lesion in one case (Uher and Treasure, 2005).  We found one 

case of purposeless hoarding of possessions related to bilateral putamen calcifi-

cations in a 70-year old woman (Slama et al., 2012).  In summary, lesions in the 

putamen were more often related to repetitive behaviors.

Globus pallidus
The globus pallidus was involved in 5 patients with lesion-acquired OCD. 

Laplane et al. (1989) described three patients with checking and counting 

compulsions, stereotypy and apathy following bilateral globus pallidus lesions. 

Demirkol et  al. (1999) described a 17-year-old male with bilateral globus pallidus 

lesions, who subsequently developed washing and orderliness compulsions. 

This patient also developed stuttering and Tourette’s syndrome with simple and 

complex motor and vocal tics. Interestingly, globus pallidus lesions were related 

to development of trichotillomania in a 34-year old male patient (Escalone et 
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al., 1997). Like Tourette’s syndrome, trichotillomania could be classified as an 

impulse control disorder, which both fall within the compulsivity spectrum. In 

summary, it appears that globus pallidus lesions are predominantly related to 

compulsions and impulse-control disorders like tics and trichotillomania.

Internal capsule
Obsessive-compulsive symptoms following lesions of the internal capsule have 

been mentioned in three cases. In one case, the internal capsule was involved 

exclusively: a 32-yr old male developed a fear of harming others as well as 

repetitive mental rituals (e.g. repeating sentences/words) after an infarct in the 

right internal capsule (Hugo et al., 1999). 

Thalamus
Two studies reported involvement of the right thalamus, in combination with 

the brainstem and ventral striatum (one patient, Peterson et al., 1996), or in 

combination with the pineal region and basal ganglia (one patient, Rushing 

et al., 2006). The behavioral effects consisted mainly of compulsions or tic-like 

behaviors: checking, compulsively pinching people, tapping doors and tables 

(Peterson et al., 1996), finger movements and tics (Rushing et al., 2006).  One 

study reported compulsive eating that started after a left-sided medial thalamic 

stroke (Cerrato et al., 2004). 

Limbic system
OCD is currently classified as an anxiety disorder and anxiety has mostly been 

associated with pathology of the limbic system (LeDoux, 2003). However, only 

one case-report (Peterson et al., 1996), consisting of two patients with tumors 

that affected various brain structures, has described involvement of lesions 

in limbic and paralimbic structures, such as the cingulate gyrus, fornix and 

hypothalamus. It also must be noted that these limbic lesions were in combi-

nation with lesions outside the limbic system. Associated behavioral effects 

consisted mostly of intrusive compulsions and motor tics. 

Frontal cortex
Thirteen case reports (19 patients) mentioned the emergence of OCD that was 
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related to frontal lobe lesions. Donovan & Barry (1994) presented a case of a 

22-year-old male with infarction of the right frontal lobe and a left subfron-

tal contusion, who thereafter experienced compulsive rhythmic activities 

and counting symptoms devoid of anxiety. The constellation of behavioral 

symptoms was associated with features of a frontal lobe syndrome, e.g. depres-

sion, personality changes and cognitive decline. In two cases, a combination of 

anorexia nervosa and compulsive studying occurred after right frontal lesions 

(Trummer et al., 2002). The other behavioral symptoms after frontal lobe lesions 

consisted of compulsive or stereotypic behaviors without obsessions (e.g. 

checking, counting, washing and ‘the need to know’), otherwise additional 

brain structures like the temporal and parietal lobes were involved too. In two 

case reports, checking compulsions without cognitive decline developed after 

lesions of the orbitofrontal cortex (OFC) (Kim & Lee, 2002; Ogai et al., 2005). Of 

note, 12 patients developed hoarding symptoms after OFC lesions (Anderson 

et al., 2005; Cohen et al., 1999; Hahn et al., 2001; Volle et al., 2002). OFC injured 

patients started collecting worn-out objects, paper, household utensils, or in 

some cases specific objects like toy-bullets, corn or cars. Hoarding compul-

sions after OFC lesions were usually ego-syntonic and devoid of obsessions or 

other obsessive-compulsive symptoms. In summary, a relatively large number 

of case studies link frontal lobe lesions to compulsive or stereotypic behaviors 

without obsessions, and hoarding behavior was often found after OFC lesions. 

Parietal lobe
The parietal lobe was found to be involved in three cases reporting the acquire-

ment of OCD symptoms. One case report described a patient with obsessive-

compulsive symptoms, in particular ‘need to know’ obsessions and checking 

compulsions, following an isolated lesion of the right parietal lobe (Simpson & 

Baldwin, 1995). The other cases (Mahendran et al., 2000; Paradis et al., 1992) 

described contamination fear, need for symmetry and washing compulsions 

after right and left parietal injuries, in combination with frontal and temporal 

cortical damage. Neuropsychological deficits were also mentioned, e.g. 

impaired planning, spatial processing and flexibility. 
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Temporal lobe
Involvement of the temporal lobe lesions in the acquirement of OCD symptoms 

was described in six case reports, with symptoms consisting of fear of harming, 

repetition and washing compulsions, repetitive mental rituals and in one 

case compulsive shopping. Depressive symptoms were also described, as well 

as aggressive thoughts and apathy. One patient also suffered from memory 

impairment, in combination with personality changes (Hugo et al., 1999). 

Cerebellum
The cerebellum was mentioned in two case reports. A calcified mass in the 

right posterior fossa causing cerebellum displacement was associated with 

the emergence of compulsive checking and washing, along with stereotyped, 

automatic motor activities and dysphasia (Gonzalez & Philpot, 1998). A combi-

nation of right superior cerebellar peduncle and left basal ganglia infarctions 

was related to the compulsive urge to shake arms (Ward et al., 1988).

Brainstem
Two case reports (two patients) mentioned involvement of the brainstem in 

acquirement of OCD symptoms. Damage to the periaqueductal grey and 

right red nucleus in combination with the thalamus was related to compulsive 

checking and ordering in one patient (Peterson et al., 1996). The second patient 

developed the compulsion to say or hear specific names or phrases (Mordecai et 

al., 2000) following germinoma of the peduncles and pons, which also affected 

the internal capsule, basal ganglia and frontal lobes. Mood lability, aggressivity, 

delusions and suicidal ideation were also part of the behavioral consequences.

Hypothalamus and pineal area
New-onset anorexia nervosa in combination with obsessive-compulsive 

symptoms was reported after hypothalamic tumors in two cases (Uher and 

Treasure, 2005). We found four cases with onset of compulsive behaviors in 

combination with diabetes insipidus after pineal region tumors (Barton 1987; 

Mordecai et al., 2000; Rushing et al., 2006; Mittal et al., 2010). However,

compulsive behaviors did not resolve after successful tumor treatment and may 

have been caused by co-occurring (unspecified) basal ganglia pathology in the 
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latter three cases. 

We will now present the results of studies reporting remission of OCD-symptoms 

following brain lesions.

Remission of OCD-symptoms

Six case studies reported remission of OCD-symptoms after acquired brain 

lesions in the left putamen, left internal capsule genu, frontoparietal cortex and 

frontal lobe. 

Putamen
Two case reports described acute remission of contamination fear OCD 

symptoms after hemorrhage of the left putamen. The first patient (Yaryura-

Tobias & Neziroglu, 2003) had been suffering from OCD for 6 years, with 

symptoms consisting of fears of germ contamination, obsessions with harm 

related to his family and compulsive spitting. His symptoms had been 

unresponsive to adequate treatment with sertraline 200 mg/day but became 

fully remitted following a hemorrhage of the left putamen. Interestingly, after 

the hemorrhage was reabsorbed all OCD symptoms returned. The second 

patient (Fujii et al., 2005) had been suffering from contamination fear and 

checking OCD for 15 years despite treatment with several antidepressants and 

antipsychotics. His OCD symptoms improved markedly following a hemor-

rhage of the left putamen, specifically his compulsions. However, the patient 

reported to still have contamination fear obsessions but felt less necessity to 

wash his hands or check something repetitively. 

Internal capsule genu
Resolution of contamination fear and compulsive hand washing occurred in a 

73-yr woman after a left internal capsular genu infarction (Oh et al., 2011). 

Frontal lobe 
Three case studies have reported on the resolution of OCD after frontal lesions. 

Diamond et al. (2011) reported on resolution of aggressive obsessions, checking 
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compulsions and impulsive behavior within weeks after a right frontoparietal 

infarct (posterior frontal and anterior parietal cortex including the central 

sulcus) in a 43-yr woman. Daumézon et al. (1954) described the disappearance 

of obsessional symptoms after left prefrontal subdural hematoma and Solyom et 

al. (1984) reported improvement of compulsive doubt, checking, hand washing, 

and shower taking after left frontal lobe damage due to a suicide attempt with 

a gun. 

In summary, remission of obsessive-compulsive symptoms occurred after 

lesions in the left putamen, left internal capsule genu, left frontal lobe and right 

posterior frontoparietal cortex. 

4. Discussion
In our review, brain lesion studies on a total of 77 patients (aged 4-78 yrs) with 

acquired or resolved OCD were discussed in order to obtain a better under-

standing of the disorder’s neurological substrates and potential targets for DBS. 

Injuries in several brain areas were related to the onset of obsessive-compulsive 

symptoms, suggesting that there is no single hot-spot in the brain for OCD. 

Lesions within the CSTC-circuit, specifically the basal ganglia, internal capsule 

and frontal lobes, primarily appeared to be intrinsically linked to the acquire-

ment of OCD symptom. In addition several other brain regions were related to 

symptoms of OCD, such as the cerebellum, brainstem, hypothalamus, pineal 

region, parietal and temporal cortices. The behavioral consequences of brain 

injuries were not restricted to typical OCD but also consisted of bodily and 

hypochondriac obsessions, anorexia nervosa, impulsivity, tics and repetitive 

behaviors. These latter symptoms are better captured by the broader concept 

of compulsivity (expert consensus meeting, Denys et al., 2010; Fineberg et al., 

2010). Although the concept of compulsivity is not yet universally engrained in 

psychiatry, these case studies provide evidence for its neuroanatomical validity. 

The case reports were consistent with the observation that the DBS of specific 

CSTC-nodes are therapeutic for patients that suffer from OCD and concomi-

tant other symptoms of compulsivity, such as eating-disorders, addiction or 

compulsive auto-mutilation (Mantione et al., 2010; Price et al., 2001). Further-

more, remission of obsessive-compulsive symptoms after lesions in the left 

ch 11

Targets for compulsivity: lessons from acquired lesions 



160

putamen, left internal capsule genu and right posterior frontoparietal cortex, 

indicate that these structures may be important targets for DBS treatment of 

compulsivity. Cortical and subcortical lesions inducing or resolving compul-

sive behaviors were often left-sided, potentially owing to a general left-brain 

dominance in motor planning (Barber et al., 2012).

 How might one explain that lesions within these brain regions may 

cause both improvement and exacerbation of compulsivity? OCD is associ-

ated with hyperactivity of the CSTC circuit and research suggests that high-

frequency DBS inhibits or functionally overrides this pathological network 

hyperactivity (McIntyre & Hahn, 2010). Infarctions or tumors may cause 

normalization of CSTC hyperactivity by inhibition of the affected network 

node. Conversely, our case studies indicate that lesions may also cause hyper-

activity, as was for example noted after a caudate tumor (Gamazo-Garran et al., 

2002). Moreover, depending on the inhibitory or excitatory role of the damaged 

brain structure within the network, a lesion may be followed by a decrease or 

increase of behavioral symptoms. Finally, injuries may be therapeutic by cutting 

of aberrant connectivity within the CSTC circuit. Evidence for network effects 

of a single lesion was provided in some cases, for example left-sided putaminal 

hemorrhage decreased left-sided activity in subcortical and cortical regions in a 

patient with improved OCD (Fujii et al., 2005). Injuries may eliminate aberrant 

connectivity between network nodes, allowing for a normalized interaction 

within the CSTC, which corresponds with increasing evidence that effective 

DBS primarily restores network function (Kringelbach et al., 2011).  

Implications for OCD pathophysiology and DBS targets
OCD is highly suitable for DBS treatment due to its relatively clear and distinct 

neuro-anatomic correlates.  There have been numerous structural and functional 

imaging studies linking an aberrant CSTC circuit to compulsivity (Whiteside et 

al., 2004; Menzies et al., 2008; Radua et al., 2010). However, patients in imaging 

studies have mostly been suffering from compulsive behaviors for many years 

so it is impossible to detangle whether these findings are cause or consequence 

of the illness. The presented case studies would support a causal role in the 

pathology of the corticostriatal circuit and OCD and reveal that alterations 

within this circuit induce compulsivity acutely in previously healthy individu-
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als, or conversely, cause complete resolution in patients that had been suffering 

from compulsivity for many years. The question then becomes which regions 

can be reasonable candidates as targets for DBS. We will now list some of these 

candidates. 

Basal ganglia 
The onset of typical symptoms of OCD was most frequently reported after 

lesions of the caudate nucleus and putamen. These structures have often been 

linked to OCD pathophysiology, e.g. increased volumes of caudate nucleus 

and putamen were found in a meta-analysis of 430 OCD patients compared to 

healthy controls (Radua et al., 2010). A relatively great number of case reports 

involved caudate lesions, specifically the head of the caudate, which is the same 

location that was significantly hyperactive in idiopathic OCD patients compared 

to healthy controls in a meta-analysis of Whiteside et al. (2004). Acquired 

caudate lesions may thus have caused OCD by inducing hyperactivity, as was 

demonstrated in one OCD case report that found FDG-PET hyperactivity of 

the bilateral caudate head following a tumor in the caudate nucleus (Gamazo-

Garran et al., 2002). Of particular importance is that lesions in the left putamen 

were related to immediate resolution of compulsivity. Based on the role of the 

putamen in the CSTC-network, it could be speculated that putaminal lesions 

may normalize OCD-related hyperactivity of the CSTC by disinhibition of the 

internal globus pallidus, which decreases hyperactivity of the thalamus and 

prefrontal cortex. The head of the caudate head and putamen may thus be 

effective DBS targets for treatment of OCD. Indeed, DBS has been success-

fully applied for OCD treatment in an area encompassing the ventral caudate, 

nucleus accumbens and ventral capsule (Greenberg et al., 2010; Goodman 

et al., 2010), which is located where the head of the caudate and the anterior 

portion of the putamen meet. Injury of the nucleus accumbens was related to 

symptoms within the compulsive-impulsive spectrum. In keeping with this 

observation, disorders within the compulsive-impulsive spectrum, e.g. OCD 

and addiction, have been successfully treated with DBS of the nucleus accum-

bens (Mantione et al., 2010; Valencia-Alfonso et al., 2012). Tic-related behaviors 

following globus pallidus and thalamus lesions are in line with successful DBS 

treatment of Gilles de la Tourette targeting the globus pallidus internus and 
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centre-median/parafascicular nucleus of the thalamus (reviewed in: Welter et 

al., 2010). 

Internal capsule
Three OCD cases were related to internal capsule injuries, and remission of 

compulsivity symptoms was found after an infarct in the genu of the left internal 

capsule. Studies using diffusion tensor imaging (DTI) reported abnormalities 

in this region in OCD (Cannistraro et al., 2007; Nakamae et al., 2011), which 

is located just behind the DBS target (anterior limb of the internal capsule, 

ALIC) that has been used by several groups for OCD treatment (reviewed in 

Koning et al., 2011). Infarction of the left internal capsule may have resolved 

OCD by reducing orbitofrontal-subcortical hyperactivity, as imaging studies 

suggest that response to ALIC DBS in OCD patients is mediated by decreasing 

OFC hyperactivity (Abelson et al., 2005; Rauch et al., 2006). Although both DBS 

and stereotactic surgery of the internal capsule is usually performed bilaterally, 

this case report suggests that left-sided modulation might be sufficient for OCD 

treatment.

Cortical regions 

Although many case reports mentioned onset of OCD after frontal, parietal 

and temporal lesions, the exact locations were difficult to pinpoint because 

of a general lack of neuroanatomical details. Moreover, DBS in any of these 

large cortical areas would likely have widespread, perhaps undesirable effects. 

Indeed, most cortical lesions were related to compulsions accompanied by 

personality changes and severe cognitive decline. 

Orbitofrontal cortex
Compulsive checking without cognitive decline or psychiatric co-morbidity was 

described after infarction of the left OFC, including the left medial orbital gyrus. 

Exactly this left-sided orbitofrontal region was found to be hyperactive in OCD 

versus control subjects in a meta-analysis of resting-state studies (Whiteside 

et al., 2004) without significant right-sided differences or global OFC changes. 

The OFC is important for inhibitory control and decision-making (Damasio et 

al., 1994). A combined fMRI and spectroscopy study suggests that frontal cortex 
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hyperactivity during inhibitory control may be compensatory in OCD patients 

for reduced neuronal integrity and viability (Yucel et al., 2007). OFC lesions 

were frequently reported to precede compulsive hoarding, which may explain 

executive dysfunction and loss of inhibitory control that have been related to 

these behaviors (McMillan et al., 2012). 

Parietal cortex
Resolution of OCD symptoms occurred after a right posterior frontoparietal 

infarct (posterior frontal and anterior parietal areas; Diamond et al., 2011). 

Modulation of this right frontoparietal cortex might be effective for OCD 

treatment through its connections with the dorsolateral prefrontal cortex and 

basal ganglia. These connections are highlighted by two cases of acute OCD 

following a right inferior parietal infarct that induced changes in regional blood 

flow in the basal ganglia, temporal, and orbitofrontal areas (Hamlin et al., 1989; 

Simpson & Baldwin 1995). Involvement of the parietal cortex in OCD might 

be further explained by its role in the integration of sensory information and 

converting this to motor output (Andersen & Buneo, 2002) and also its role in 

planning and response inhibition. Imaging studies have demonstrated reduced 

metabolism and gray matter alterations in the parietal lobes (Menzies et al., 

2008), specifically the parts of the parietal lobes that were also involved in 

our case reports, the inferior parietal lobe and the parietal areas bordering the 

temporal lobe. 

Temporal cortex
Predominantly checking and repetition compulsions were observed following 

temporal lobe lesions. It could be speculated that checking and doubting in 

these cases may have developed secondary to dysfunctional memory formation 

in the temporal cortex (van den Hout & Kindt, 2003 and 2004). Temporal lobe 

white and gray matter reductions was related to severity of checking compul-

sions in a morphometric imaging study of 50 OCD patients (van den Heuvel et 

al., 2009). 

 Although DBS of cortical grey matter may not be feasible, cortical 

activity can be modulated with repetitive transcranial magnetic stimulation 

(rTMS) and transcranial direct current stimulation (tDCS). Low- and high-
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frequency rTMS targeted at the dorsolateral prefrontal cortex (DLPFC), OFC, or 

superior motor area has been found to show only transient effects on obsessive-

compulsive symptoms (Blom et al., 2011). Moreover, tDCS of the DLPFC in one 

OCD patient yielded only anti-depressive and anxiolytic effects (Volpato et al., 

2012). The case of OCD remission after a right posterior frontoparietal infarct 

suggests that this cortical region may be a better target for rTMS or tDCS in 

OCD treatment. 

Other brain regions
Primarily stereotyped motor activities were reported after a lesion in the 

cerebellum, a structure that is typically involved in learning motor sequences 

(Gómez-Beldarrain et al., 1998). Whole-brain studies show gray matter altera-

tions in the cerebellum of OCD patients (Kim et al., 2001; Pujol et al., 2004). 

Brainstem lesions seemed to cause compulsive symptoms sometimes together 

with mood lability and delusions. The brainstem contains the serotonergic 

neural networks of the raphe nuclei whose ascending efferents project to several 

cerebral structures, e.g. the caudate nucleus and putamen (Nolfe et al., 1998), as 

well as the mesocorticolimbic dopaminergic network projecting to for example 

the nucleus accumbens (Aouizerate et al., 2004), both important pathways in 

the pathophysiology of OCD. Recent diffusion tensor imaging research has 

stressed the importance of the brainstem in the clinical effectiveness of DBS 

at the VC/VS and nucleus accumbens targets for OCD (Lehman et al., 2011).  

 We have not found case reports of compulsivity related to lesions of 

other areas that have been used as DBS targets for OCD, e.g. the subthalamic 

nucleus or inferior thalamic peduncle. Although OCD is primarily regarded 

as an anxiety disorder, we found no case reports describing exclusive involve-

ment of the limbic system, including the amygdala. Additionally, most patients 

with acquired OCD did not experience anxiety. For example, caudate and 

putamen lesions were mostly related to compulsivity and not anxiety. Accord-

ingly, structural imaging findings revealed increased caudate and putamen 

volumes in OCD but not in anxiety disorders (Radua et al., 2010) and functional 

imaging studies have often failed to demonstrate clear pathology of the limbic 

system in OCD (Whiteside et al., 2004). The amygdala plays a major role in 

fear conditioning (LeDoux, 2003; Davis, 1992) and may become dysfunctional 



165

when OCD progresses, but not at time of onset. It should also be noted that 

pediatric OCD typically starts with compulsions, before the development of 

obsessions and anxiety (Kalra & Swedo, 2009). The present case-studies thus 

seem to confirm the recent notion that OCD may develop first as a propensity 

to habitual and repetitive behaviors in the basal ganglia, followed by anxiety in 

the limbic system, and by obsessions in cortical areas as post hoc rationaliza-

tion of otherwise inexplicable compulsive urges (Robbins et al., 2011). Conse-

quently, DBS of the basal ganglia may act directly on compulsive behaviors 

so that cortical compensation is no longer needed. In agreement, specifically 

compulsions resolved after putamen infarction (Fujii et al., 2005) and also after 

DBS of the subthalamic nucleus (Mallet et al., 2008). 

Conclusion
Case reports on lesion-acquired OCD provide strong evidence supporting the 

rationale for DBS in the ventral striatum and internal capsule for treatment of 

compulsivity and reveal the putamen and frontoparietal cortex as promising 

new targets. The present data indicate the left putamen as the optimal candi-

date target for OCD treatment. However, the putamen has never been targeted 

before and its activity can also be modulated with DBS of the ALIC, VC/VS and 

STN (chapter 4; Montgomery and Gale, 2008). Direct or magnetic stimula-

tion of the frontoparietal (motor) cortex seems an interesting intervention to 

explore. However, this review suggests that compulsive behaviors primarily 

stem from basal ganglia pathology and therefore DBS of these subcortical areas 

would be the most likely candidates for treatment of OCD. 
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Figure 1: Acquired brain lesions related to resolution and onset of compulsivity.

Figure 2: Abnormal regions in OCD from structural and functional imaging studies
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Supplemental information

  
Brain  area   N   Reference  

Basal  ganglia  –  
unspecified  

1  
4  
1  
1  
1  
1  
1  
1  

Carmin  et  al.,  2002  
Chacko  et  al.,  2000  
Gamazo-‐Garran  et  al.,  2002    
Mittal  et  al.,  2010  
Mordecai  et  al.,  2000  
Ward  et  al.,  1988  
Muneoka  et  al.,  2011  
Rushing  et  al.,  2006  

Caudate  Nucleus  
  
  
  
  
  

1  
1  
2  
1  
1  
1  

Chacko  et  al.,  2000  
Patzold  et  al.,  2002  
Weiss  et  al.,  2000  
Tonkonogy  et  al.,  1989  
Gamazo-‐Garran  et  al.,  2002  
Peterson  et  al.,  1996  

Putamen   1  
1  
1  
1  
1  
1  

Rohtfeld  et  al.,  1995  
Daniele  et  al.,  1997  
Uher  &  Treasure,  2005  
Slama  et  al.,  2012  
Fuiji  et  al.,  2005                                                          OCD  disappearance  
Yaryura-‐Tobias  et  al.,  2003            OCD  disappearance  

Caudate  &  putamen   1  
1  
1  
1  

Thobois  et  al.,  2004  
Weilburg  et  al.,  1989  
Williams  et  al.,  1988  
Laplane  et  al.,  1989  

Globus  Pallidus   1  
1  
2  

Demirkol  et  al.,  1999  
Escalone  et  al.,  1997  
Laplane  et  al.,  1989  

Globus  Pallidus  &  
Putamen  

1   Laplane  et  al.,  1989  

Internal  Capsule   1  
1  
1  
1  

Hugo  et  al.,  1999  
Mordecai  et  al.,  2000  
Peterson  et  al.,  1996  
Oh  et  al.,  2011                                                                OCD-‐disappearance  

Nucleus  Accumbens   1  
2  

Peterson  et  al.,  1996  
Anderson  et  al.,  2005  

Frontal  Cortex   4  
1  
1  
3  
1  
1  
2  
1  
1  
1  
1  
2  
1  
1  
1  

Childers  et  al.,  1998  
Donovan  et  al.,  1994  
Hugo  et  al.,  1999  
John  et  al.,  1997  
Kant  et  al.,  1996  
Trummer  et  al.,  2002  
Mahendran  et  al.,  2000  
Mordecai  et  al.,  2000  
Paradis  et  al.,  1992  
Swoboda  et  al.,  1995  
Ward  et  al.,  1988  
Weiss  et  al.,  2000  
Diamond  et  al.,  2011                                      OCD-‐disappearance  
Daumézon  et  al.,  1954                              OCD-‐disappearance  
Solyom  et  al.,  1984                                            OCD-‐disappearance  
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Table 1: overview of all OCD-related regions in published case-reports, with numbers of patients

ch 11

Orbitofrontal  cortex   1  
1  
1  
1  
9  

Kim  et  al.,  2002  
Cohen  et  al.,  1999  
Hahn  et  al.,  2001  
Volle  et  al.,  2002  
Anderson  et  al.,  2005  

Parietal  cortex   1  
1  
1  
1  
1  

Simpson  et  al.,  1995  
Mahendran  et  al.,  2000  
Paradis  et  al.,  1992  
Peterson  et  al.,  1996  
Diamond  et  al.,  2011                                    OCD-‐disappearance  

Temporal  cortex   1  
1  
1  
1  
1  
1  

Raj  et  al.,  2011  
Hugo  et  al.,  1999  
Muneoka  et  al.,  2011  
Hugo  et  al.,  1999  
Mahendran  et  al.,  2000  
Anderson  et  al.,  2005  

Cerebellum   1  
1  

Gonzalez  et  al.,  1998  
Ward  et  al.,  1988  

Amygdala   1   Anderson  et  al.,  2005  

Hypothalamus   2  
1  

Uher  &  Treasure,  2005  
Peterson  et  al.,  1996  

Brainstem   1  
1  
1  

Mordecai  et  al.,  2000  
Peterson  et  al.,  1996  
Weiss    et  al.,  2000  

Thalamus   1  
1  
1  

Cerrato  et  al.,  2004  
Peterson  et  al.,  1996  
Rushing  et  al.,  2006  

Pineal  region   1  
1  
1  
1  

Barton,  1987  
Mittal  et  al.,  2010  
Mordecai  et  al.,  2000  
Rushing  et  al.,  2006  
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Table 2a: specifics of brain lesions and related symptoms

  
Brain  area   Main  site(s)  of  lesion   (Observed)  Behavioral  symptoms   References  
Basal  ganglia–  
unspecified  

Left  basal  ganglia    
  
  
  
  
Right  basal  ganglia    
  
  
  
Bilateral  basal  ganglia    

Obsessions:  needing  to  know,  fear  of  inability  
to  remember  
Compulsions:  checking,  urge  to  shake  arm  
Other:  compulsive  motor  activities,  expressive  
aphasia  
Obsessions:  sexual  nature  about  God,  
harming  
Compulsions:  no  mentioned  
Other:  no  mentioned  
Obsessions:  harming  
Compulsions:  checking,  counting,  repetition,  
ordering,  saying  or  making  others  say  
Other:  pathological  jealousy,  reassurance,  
mood  lability,  aggression  and  psychotic  
symptoms  
  

Carmin  et  al.,  2002  
Mittal  et  al.,  2010  
Ward  et  al.,  1988  
Muneoka  et  al.,  2011  
  
Chacko  et  al.,  2000  
  
  
  
Chacko  et  al.,  2000  
Mordecai  et  al.,  2000  
  

Caudate  Nucleus   Left  caudate  
  
  
Right  caudate  
  
  
Bilateral  caudate  

Obsessions:  high-‐risk  assessment  
Compulsions:  checking,  stereotypies  
Other:  tics  
Obsessions:  hypochondriac  worries  
Compulsions:  no  mentioned  
Other:  no  mentioned  
Obsessions:  thought  about  killing,  
contamination  fear  
Compulsions:  washing,  cleaning,  pinching  
people  and  tapping  objects  
Other:  poor  insight,  mood  changes  
  

Peterson  et  al.,  1996  
Weiss  et  al.,  2000  
  
Chacko  et  al.,  2000  
  
  
Tonkonogy  et  al.,  1989  
Gamazo-‐Garran  et  al.,  
2002  
Patzold  et  al.,  2002  
Weiss  et  al.,  2000  
  

Putamen   Left  putamen  
  
  
  
  
  
Right  putamen  
  
  
Bilateral  putamen  

Obsessions:  contamination  fear,  
harming  and  aggressive  behavior,  
worries  
Compulsions:  washing,  repetitive  stereotypic  
behavior  
Other:  personality  changes,  cognitive  decline  
Obsessions:  obsessions  with  food    
Compulsions:  eating  rituals,  exercising  
Other:  no  mentioned  
Obsessions:  religious  
Compulsions:  praying,  hoarding  
Other:  torsonial  dystonia,  ideas  of  
persecution,  depression  

Fuiji  et  al.,  2005    
OCD  disappearance  
Yaryura-‐Tobias  et  al.,  
2003  OCD-‐  
disappearance  
  
Daniele  et  al.,  1997  
Uher  &  Treasure,  2005  
Rohtfeld  et  al.,  1995  
Slama  et  al.,  2012  
  

Caudate  &  
putamen  

Left  caudate  and  
(anterior)  putamen  
  
Left  caudate  
(head)  and  
putamen  
  
Bilateral  caudate  and  
right  putamen  
  

Obsessions:  no  mentioned  Compulsions:  
avoiding  10-‐letter  words  or  sentences  
Other:  personality  changes  
Obsessions:  contamination  fear  
Compulsions:  washing,  counting,  checking  
Other:  mood  problems,  auditory  and  olfactory  
hallucinations  
Obsessions:  no  mentioned  
Compulsions:  counting,  stereotyped  activities  
and  rituals  
Other:  apathy  
  

Thobois  et  al.,  2004  
  
  
Weilburg  et  al.,  1989  
  
  
  
Williams  et  al.,  1988  
Laplane  et  al.,  1989  

Globus  Pallidus   Bilateral  globus  
pallidus  

Obsessions:  fear  of  harming  others,  sexual  ,  
contamination  fear  
Compulsions:  washing,  ordering,  checking,  
counting,  timing  
Other:  trichotillomania,  urge  to  spit,  apathy,  
no  anxiety  
  

Demirkol  et  al.,  1999  
Escalone  et  al.,  1997  
Laplane  et  al.,  1989  
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Globus  Pallidus  &  
Putamen  

Bilateral  (dorsal)  
globus  pallidus  and  
(ventral)  putamen  

Obsessions:  no  mentioned  
Compulsions:  checking,  counting,  stereotypy  
Other:  apathy  and  passivity  
  

Laplane  et  al.,  1989  

Nucleus  
Accumbens  

Nucleus  accumbens   Obsessions:  no  mentioned  
Compulsions:  readjustment  of  glasses  for  
‘just-‐right’  feeling    Other:  tics  
  

Peterson  et  al.,  1996  

Internal  Capsule   Right  internal  capsule  
  
  
Left  internal  capsule  
  

Obsessions:  fear  of  harming  
Compulsions:  repeating  sentences/words  
Other:  personality  changes  
Obsessions:  same  daily  ingestion  of  milk  and  
medicines  
Compulsions:  cleaning,  washing  
Other:  no  mentioned  
  

Hugo  et  al.,  1999  
  
  
  
Oh  et  al.,  2011  OCD-‐
disappearance  

Frontal  Cortex   Right  frontal  
  
  
  
  
  
  
  
  
Left  frontal  
  
  
  
  
  
Bilateral  frontal  
  
  
  
  
  

Obsessions:  aggressive  obsessions,  
contamination  fear,  need  for  symmetry,  
remembering,  needing  to  know  
Compulsions:  checking,  rhythmic  
compulsions,  counting,  studying,  food  
avoidance/refusal,  washing,  memorizing,  
collecting  information  
Other:  impulsive  behavior,  depression,  
cognitive  and  personality  changes,  anxiety  
Obsessions:  numbers,  hypochondriac  fear  for  
another  aneurysm,  fear  of  saying  bad  sentence  
Compulsions:  counting,  repetition,  washing,  
shaking  arm,  shouting  
Other:  cognitive  impairment,  personality  
changes  
Obsessions:  obsessional  doubt,  
contamination  fear  
Compulsions:  checking,  walking  to  the  left,  
washing  
Other:  depression,  personality  changes,  
cognitive  decline  

Diamond  et  al.,  2011  
OCD-‐disappearance  
Donovan  et  al.,  1994  
Hugo  et  al.,  1999  
Kant  et  al.,  1996  
Trummer  et  al.,  2002  
Paradis  et  al.,  1992  
Swoboda  et  al.,  1995  
  
Hugo  et  al.,  1999  
John  et  al.,  1997  
Mahendran  et  al.,  2000  
Ward  et  al.,  1988  
  
  
Daumézon  et  al.  (1954)  
Solyom  et  al.  (1984)  
OCD-‐disappearance  
Hugo  et  al.,  1999  
Ward  et  al.,  1988  
Weiss  et  al.,  2000  
  

Orbitofrontal  
cortex  

Left  medial  OFC  
  
  
Right  orbitofrontal  
paramesial  region  
  
Left  orbitofrontal  
region  
  
  
  
Bilateral  orbitalis  
medial  gyri    
  
  
Mesial  and  inferior  
prefrontal  region  

Obsessions:  ‘something  wrong  would  happen’    
Compulsions:  checking  
Other:  no  mentioned  
Obsessions:  none    
Compulsions:  compulsive  car  borrowing  
Other:  depression  
Obsessions:  none    
Compulsions:  Hoarding  toy  bullets,  turning  off  
electric  switches,  reading  signs  aloud,  naming  
brands  of  passing  cars  
Other:  none  
Obsessions:  none    
Compulsions:  Hoarding  domestic  appliances  
and  worn-‐out  objects  
Other:  none  
Obsessions:  none    
Compulsions:  Hoarding,  compulsive  eating    
Other:  inertia,  amnesia  
  

Kim  et  al.,  2002  
  
  
Cohen  et  al.,  1999  
  
  
Hahm  et  al.,  2001  
  
  
  
  
Volle  et  al.,  2002  
  
  
  
Anderson  et  al.,  2005  

Parietal  cortex   Right  parietal  
  
  
  
Left  parietal  

Obsessions:  remembering,  needing  to  know,  
contamination  fear,  need  for  symmetry  
Compulsions:  checking,  washing  
Other:  suicidal  ideation  
Obsessions:  no  mentioned  
Compulsions:  repetition,  washing  
Other:  personality  changes,  cognitive  deficits  

Simpson  et  al.,  1995  
Paradis  et  al.,  1992  
  
  
Mahendran  et  al.,  2000  
  

Table 2b: specifics of brain lesions and related symptoms
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Temporal  cortex   Right  temporal   Obsessions:  shopping,  fear  of  harming  
Compulsions:  shopping  
Other:  depression,  personality  changes  
(apathy  and  withdrawal),  memory  impairment  
  

Raj  et  al.,  2011  
Hugo  et  al.,  1999  

Cerebellum   Cerebellum   Obsessions:  no  mentioned  
Compulsions:  washing,  checking  
Other:  no  mentioned  
  

Gonzalez  et  al.,  1998  

Hypothalamus   Hypothalamus   Obsessions:  no  mentioned  
Compulsions:  compulsive  counting  
Other:  anorexia  nervosa,  diabetes  insipidus  
  

Uher  &  Treasure,  2005  

Brainstem  &  
thalamus  

Peri-‐aquaductal  grey,  
right  red  nucleus  and  
right  posto-‐inferior  
thalamus  

Obsessions:  no  mentioned  
Compulsions:  checking,  ordering,  evening  up,  
list  making,  ritualized  behavior  
Other:  tics  and  ADHD  
  

Peterson  et  al.,  1996  

Thalamus   Left  medial  thalamus   Obsessions:  no  mentioned  
Compulsions:  compulsive  eating  
Other:  repeating  the  same  questions    
  

Cerrato  et  al.,  2004  

Brainstem   Pons  and  peduncles  
  
  
  
Bilateral    substantia  
nigra  and  red  nuclei  

Obsessions:  no  mentioned  
Compulsions:  saying  certain  phrases/names    
Other:  incongruent  affect,  delusions,  suicidal  
ideations  
Obsessions:  no  mentioned  
Compulsions:  readjusting  her  glasses  until  
"just  right"  feeling    
Other:  motor  tics  
  

Mordecai  et  al.,  2000  
  
  
  
Peterson  et  al.,  1996  

Pineal  region      Obsessions:  no  mentioned  
Compulsions:  finger  movement  and  pacing,  
saying  certain  phrases/names,  checking,  
motor  activities  
Other:  diabetes  insipidus,  tics,  psychosis  

Barton,  1987  
Rushing  et  al.,  2006  
Mordecai  et  al.,  2000  
Mittal  et  al.,  2010  

  
 

Table 2c: specifics of brain lesions and related symptoms
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N   Reference   Sex  

(age)  
Main  site(s)  of  lesion   Behavioral  symptoms  

9   Anderson  et  al.,  
2005  

F  (69)  
M  (27)  
M  (31)  
F  (74)  
M  (35)  
M  (28)  
M  (47)  
F  (70)  
M  (33)  

Mesial  and  inferior  prefrontal  
region  (involved  in  all  9  
patients).  
Additional  regions:  anterior  
cingulate,  temporal  lobe,  
nucleus  accumbens  and  
amygdala  
  

Hoarding    
Hoarding    
Hoarding  
Hoarding  
Hoarding  
Hoarding  
Hoarding  
Hoarding  
Hoarding  
  

1   Barton  1987   M  (15)  
  

Large  pineoloma  
  

Obsessions  and  diabetes  
insipidus.      
  

1   Carmin  et  al.,  
2002  

M  (78)   Left  basal  ganglia  infarct   Needing  to  know  obsessions  and  
checking  compulsions.  
  

1   Cerrato  et  al.,  
2004  

M  (52)   Ischemic  lesion  of  the  left  
medial  thalamus  

Compulsive  eating,  repeating  
questions  
  

4   Chacko  et  al.,  
2000  

F  (76)  
  
F  (61)  
  
F  (77)  
  
  
F  (70)  
  
  

Bilateral  basal  ganglia  infarcts  
  
Bilateral  basal  ganglia  infarcts  
  
Right  basal  ganglia  infarct  
  
  
Bilateral  basal  ganglia  
calcifications  

Pathological  jealousy;  checking  
compulsion.  
Harming  obsessions,  counting  
and  repetition  compulsions.  
Obsessions  of  sexual  nature  
about  God  and  of  harming  
others,  no  compulsions.  
Reassurance;  checking,  
repetitive  and  ordering  
compulsions  
  

1   Chacko  et  al.,  
2000  

F  (77)   Right  caudate  head  ischemia   Hypochondriac  worries  about  
dental  diseases,  visiting  doctors.    

4   Childers  et  al.,  
1998  

M  (36)  
  
M  (37)  
  
M  (38)  
  
  
M  (41)  

Left  frontal  hematoma  
  
Left  frontal  skull  fracture  and  
hematoma  
Basilar  skull  fracture,  frontal  
contusion  and  intracerebral  
hemorrhage  
Right  frontal  temporal  
contusion,  right  subdural  
hematoma  and  left  skull  
fracture  
  

Post-‐traumatic  amnesia  (PTA),  
obsessively  ruminated,  anxiety  
PTA,  obsessive  object  
arrangement,  ordering  
PTA,  obsession  about  former  
girlfriend,  compulsively  touching,  
handling  and  arranging  
Compulsive  cleaning,  obsession  
with  details  of  activities  

1  
  

Daumézon  et  al.  
(1954)  
OCD-‐
diseapparance  
  

M   Left  prefrontal  subdural  
hematoma  

Remission  of  OCD    

1  
  

Cohen  et  al.,  1999  
  

M  (51)  
  

Right  orbito-‐frontal  paramesial  
injury  after  subarachnoid  
hemorrhage  
  

Compulsive  car  borrowing  
  

1   Daniele  et  al.,  
1997  

F  (63)   Left  putamen  (anterior)  lesion   Obsessive  worries  and  repetitive  
stereotypic  behaviors;  
personality  changes;  cognitive  
decline  

1   Demirkol  et  al.,  
1999  

M  (17)   Bilateral  globus  pallidus  lesion   Washing  and  ordering  
compulsion  

Table S1a: overview of all included case-reports
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1   Diamond  et  al.,  

2011  
OCD-‐
diseapparance  

F  (43)   Right  posterior  frontoparietal  
infarct  

Resolution  of  aggressive  
obsessions,  checking  
compulsions  and  impulsive  
behavior    
  

1   Donovan  et  al.,  
1994  

M  (22)   Right  frontal  lobe  infarct  (left  
subfrontal  contusion)  

Checking,  rhythmic  compulsions;  
no  obsessions  
  

1   Escalone  et  al.,  
1997  

M  (34)   Bilateral  globus  pallidus  infarct   Fear  of  harming  others,  sexual  
obsessions,  contamination  fear,  
compulsive  hand-‐washing,  
checking  and  counting;  
trichotillomania,  urge  to  spit  
  

1   Fuiji  et  al.,  2005  
  
OCD-‐
diseapparance  
  

M  (58)   Left  putamen  hemorrhage   Resolution  of  contamination  fear  
obsessions  and  washing  
compulsions  
  

1   Gamazo-‐Garran  
et  al.,  2002  

M  (16)   Bilateral  caudate  tumor,  also  
affecting  other  basal  ganglia  

Compulsive  checking;  pinching  
people  and  tapping  objects;  
mood  changes  
  

1   Gonzalez   et   al.,  
1998    
  

F  (67)   Calcified  mass  in  right  posterior  
fossa  with  displacement  
cerebellum  
  

Compulsive  checking  and  
washing.  

1  
  

Hahn  et  al.,  2001  
  

M  (46)  
  

Left  orbitofrontal  injury  after  
subarachnoid  hemorrhage  
  

Hoarding  toy  bullets,  turning  off  
electric  switches,  reading  signs  
aloud,  naming  brands  of  passing  
cars  
  

1   Hugo  et  al.,  1999   M  (32)   Right  internal  capsule  infarct  
(and  generalized  atrophy)  

Fear  of  harming,  repeating  
sentences  and  words;  personality  
changes  
  

3   Hugo  et  al.,  1999   M  (41)  
  
M  (59)  
  
  
  
F  (46)  

Right  frontal  hematoma  
  
Bilateral  frontal  lobe  and  
anterior  temporal  atrophy  
  
  
Aneurysm  left  internal  carotid  
artery  

Checking  and  counting  
compulsions  
Obsessional  doubt  and  checking  
compulsion;  depression  and  
personality  changes;  cognitive  
decline  
Obsession  with  numbers  and  
with  ‘having  another  aneurysm’;  
counting  compulsion;  mild  
cognitive  impairment  
  

1   Hugo  et  al.,  1999   M  (41)   Right  anterior-‐inferior  
temporal  lobe  

Fear  of  harming  others;  
depression;  personality  changes  
(apathy  and  withdrawal);  
memory  impairment  
  

1   John  et  al.,  1997   M  (53)   Left  frontal  tumor   Obsessional  fear  of  saying  bad  
sentence  
  

1  
  

Kant  et  al.,  1996   M  (16)   Right  frontal  depressed  
fracture  (closed  head  injury)  

Checking  and  counting  
compulsions;  depression;  
cognitive  and  personality  
changes  
  

Table S1b: overview of all included case-reports
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1  
  

Kim  et  al.,  2002  
  

M  (66)  
  

Left  medial    
OFC  infarct  
  

Obsession  ‘something  wrong  
would  happen’  and  checking  
compulsions  

1   Laplane  et  al.,  
1989  

M  (53)  
  
  

Bilateral  caudate  and  right  
putamen  lesion  

Counting  compulsion,  
stereotypy,  rituals;  apathy  
  
  

2   Laplane  et  al.,  
1989  

M  (23)  
  
F  (27)  

Bilateral  globus  pallidus  
damage  
Bilateral  globus  pallidus  lesion  
  

Compulsive  counting;  extreme  
apathy,  no  anxiety  
Timing  activities  compulsively  

1   Laplane  et  al.,  
1989  

M  (?)   Bilateral  (dorsal)  globus  
pallidus  and  (ventral)  putamen  

Checking  and  counting  
compulsions,  stereotypy;  apathy  
and  passivity  
  

1   Mahendran  et  al.,  
2000  

M  (37)   Left  frontal  infarct,  also  
involving  parietal  and  temporal  
lobes  

Repetition  and  washing  
compulsion;  personality  changes;  
cognitive  deficits  

1   Mittal  et  al.,  2010   M  (17)   Pineal  tumor,  and  left  basal  
ganglia  infarct    

Checking  compulsions  and  
compulsive  motor  activities  
  

1   Mordecai  et  al.,  
2000  

M  (13)   Bilateral  basal  ganglia  
germinoma,  also  affecting  
internal  capsule,  frontal  lobes,  
peduncles  and  pons  

Compulsion  to  say  or  make  
others  say  certain  names  or  
phrases.  Mood  lability,  
aggression  and  psychotic  
symptoms.  
  

1   Mordecai  et  al.,  
2000  

M  (15)   Suprasellar  germinoa   Compulsively  saying  certain  
phrases  or  names,  psychosis  and  
diabetes  insipidus.  
  

1   Muneoka  et  al.,  
2011  

F  (68)   Left  basal  ganglia  infarct  and  
right  temporal  cortex  

Obsessive  fear  of  inability  to  
remember  names  of  persons  or  
on  labels  and  compulsive  
checking.    

1   Oh  et  al.,  2011  
  
OCD-‐
diseapparance  

F  (74)   Left  internal  capsule  genu  
infarct  

Remission  of  cleaning  and  
washing  compulsions,  obsession  
with  daily  ingesting  same  
amount  of  milk  and  medicines.  
    

1   Paradis  et  al.,  
1992  

F  (36)   Right  frontal  parietal  damage   Contamination  fear,  need  for  
symmetry;  washing  and  checking  
compulsions  
  

1   Patzold  et  al.,  
2002  

F  (42)   Bilateral  caudate  atrophy  due  
to  Huntington  Disease  

Obsessive  thought  about  killing  
her  neighbor;  no  compulsions  
  

1   Peterson  et  al.,  
1996  

M  (7)   Left  caudate  tumor,  also  
involving  left  parietal  cortex,  
corpus  callosum,  left  
cingulated  gyrus  and  fornix.    
  

Compulsive  stereotypies  and  tics  

1   Peterson  et  al.,  
1996  

F  (8)   Tumor  affecting  nucleus  
accumbens,  ventral  striatum,  
internal  capsule  and  
hypothalamus.  
  

Tics  and  compulsive  
readjustment  of  glasses  for  ‘just-‐
right’  feeling  

1  
  
  

Peterson  et  al.,  
1996  

M  (4)   Lesion  involving  the  
periaquaductal  grey,  right  red  
nucleus  and  right  postoinferior  
thalamus  

Checking,  ordering  and  evening  
up  compulsions;  list  making  and  
ritualized  behavior  

Table S1c: overview of all included case-reports
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1   Rai  et  al,  2011   F  (40)   Right  temporal-‐lobe  
hemorrhage  
  

Obsessions  and  compulsion  to  
shop  
  

1   Rohtfeld  et  al,  
1995  

M  (27)   Bilateral  putamen  lesions   Religious  obsessions  and  praying  
compulsions;  torsional  dystonia.  
  

1   Rushing  et  al,  
2006  

M  (10)  
  

Pineal  germinoma  extending  
to  thalamus  with  lesions  in  
bilateral  basal  ganglia.  

Compulsive  finger  movement  
and  pacing,  tics  and  diabetes  
insipidus.    
  

1   Solyom  et  al.  
(1984)  
OCD-‐
diseapparance  
  

   Left  frontal  lobe  damage  by  
bullet  

Reduction  of  compulsive  doubt,  
checking,  hand  washing,  and  
shower  taking.  

1   Simpson  et  al.,  
1995  

M  (71)   Right  inferior  parietal  infarct   Obsession  with  remembering  
and  needing  to  know  and  
checking  compulsions;  suicidal  
ideation  
  

1   Slama  et  al.,  2012   F  (70)   Bilateral  putamen  lesion   Hoarding  
  

1   Swoboda  et  al.,  
1995  

M  (70)   Right  posterior  frontal  infarct   ‘Remembering’  and  ‘needing  to  
know’  obsessions  with  
compulsive  memorizing  and  
collecting  information;  
depression    
  

1   Thobois  et  al.,  
2004  

M  (24)   Left  caudate  and  (anterior)  
putamen  hematoma  

Compulsively  avoiding  using  10-‐
letter  words  or  sentences;  
personality  changes  
  

1   Tonkonogy  et  al.,  
1989  

F  (36)   Bilateral  caudate  atrophy   Contamination  fear  obsessions  
and  compulsive  cleaning,  with  
poor  insight  
  

2   Trummer  et  al.,  
2002  

F  (23)  
  
  
M  (24)  

Right  frontal  lobe  venous  
malformation  
  
Right  frontal  lobe  oligo-‐
astrocytoma  
  

Compulsive  studying,  food  
avoidance  and  anxiety  
  
Compulsive  studying;  refusal  of  
food  and  depression  

1  
  

Uher  &  Treasure,  
2005  

M  (19)   Right  putamen  lesion  
  

Eating  rituals  and  preoccupation,  
compulsive  exercising.  

2   Uher  &  Treasure,  
2005  

F  (23)  
F  (10)  

Tumor  hypothalamus  
Tumor  hypothalamus  

Anorexia  nervosa  and  OCD  
Anorexia  nervosa,  compulsive  
counting  and  diabetes  insipidus.  
  

1  
  

Volle  et  al.,  2002  
  

M  (40)  
  

Bilateral  orbitalis  medial  gyri    
injury  after  tumor  resection  
  

Hoarding  
  

1   Ward  et  al.,  1988   M  (62)   Left  basal  ganglia  Infarct,  also  
involving  right  superior  
cerebellar  peduncle    
  

Urge  to  shake  arm  and  episode  
of  expressive  aphasia.  
  

2   Ward  et  al.,  1988   F  (59)  
  
M  (43)  

Frontoparietal  tumor  
  
Left  frontal  mass  

Transiently  feeling  compelled  to  
walk  to  the  left    
Feeling  compelled  to  shake  arm  
or  to  shout  
  
  

              Table S1d: overview of all included case-reports
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1   Weilburg  et  al.,  
1989  

M  (24)   Left  caudate  nucleus  (head)  
and  putamen  abnormalities  

Contamination  fear  obsessions,  
washing,  counting  and  checking    
compulsions;  mood  problems,  
auditory  and  olfactory  
hallucinations  
  

2   Weiss  et  al.,  2000   F  (70)  
  
M  (75)  

Left  caudate  head  infarct  
  
Bilateral  caudate  infarcts  

High-‐risk  assessment  obsessions  
and  compulsive  checking.      
Contamination  fear  and  washing  
compulsions  
  

1   Weiss  et  al.,  2000   F  (53)   Bilateral  frontal  white  matter  
abnormalities,  lesion  central  
pons  
  

Contamination  fear  and  washing  
compulsions.    

1   Williams  et  al.,  
1988  

F  (46)   Bilateral  caudate  cavitation,  
also  involving  right  putamen  

Stereotyped  activities:  
purposeless  finger-‐typing  
movements  
  

1   Yaryura-‐Tobias  et  
al.,  2003  
OCD-‐
diseapparance  
  

M  (33)   Left  putamen  hemorrhage   Resolution  of  contamination  
fear,  obsession  with  harm  and  
aggressive  behavior  

 

Table S1e: overview of all included case-reports
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