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T Exciting new developments in the
neurobiology of obsessive-compulsive
disorder (OCD) and related disorders
have emerged in the past few years,
said Michael A. Jenike, M.D., chair-
person of the symposium. The combi-
nation of advanced neuroimaging tech-
niques along with collaboration be-
tween clinicians and researchers has
contributed to greater understanding of
the clinical implications as they relate
to biological issues, he said. Dr. Jenike
and fellow symposium presenters gath-
ered to discuss the latest findings in
neuroimaging, neuropsychology, and
pharmacology and designed the con-
ference to address the neurobiological
and clinical implications of OCD,
rather than the comprehensive treat-
ment modalities for this disorder.

Neuroimaging in Obsessive-
Compulsive Disorder and
Related Disorders

Obsessive-compulsive disorder
(OCD) occurs commonly and affects
1% to 3% of the population, said Scott
L. Rauch, M.D. The disorder is charac-
terized by obsessions, which are intru-
sive, repetitive, unwanted thoughts;
and compulsions, which are repetitive
behaviors performed in a stereotypical
fashion in response to obsessions. The
phenomenology of the disorder can be
used to help understand the relation-
ship between functional neuroanatomy
and the clinical picture of OCD and

related disorders. Currently, OCD is
categorized as one of the anxiety disor-
ders in the 4th edition of Diagnostic
and Statistical Manual of Mental Dis-
orders (DSM-IV). With some of the
neurobiological data accruing, he said,
we may question whether different OC
spectrum disorders really belong to-
gether.

Tourette’s syndrome (TS) is
thought to be related to OCD and is
typically included as one of the OC
spectrum disorders, Dr. Rauch noted.
The syndrome shares some phenom-
enologic similarities with OCD, such
as repetitive tics; these are complex
tics that can sometimes be difficult to
distinguish from compulsions. As for
comorbidity, probably a tenfold higher
risk of repetitive tic disorders occurs in
OCD. Additionally, probably a tenfold
higher risk of OCD occurs in TS than
in the general population. The exami-
nation of genetic data in some families
indicates that (in some pedigrees) these
two disorders may represent different
manifestations of the same genetic
anomaly. Pathophysiologically, both
are considered to be corticostriatal dis-
orders.

A heuristic about OCD and TS is,
even though they are separate and dis-
tinct disorders, both are characterized
by intrusions.1,2 OCD is characterized
by cognitive intrusions (obsessions)
that result in compulsions. In the case
of TS, the intrusions are sensations;
spontaneous motor movements (tics)
are actually performed in response to
the intrusions. Both responses are car-
ried out in an intentional manner and
both disorders have accompaniments
that might be characterized as affec-
tive. The accompaniment in OCD is
anxiety, which accounts for its classi-
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fication as an anxiety disorder; in TS,
the accompaniment is experienced as
an urge. Anxiety is rarely present in TS.

Dr. Rauch then read a quote from
Hippocrates (written in the 5th century
B.C.): “From the brain, and from the
brain only, arise our pleasures, joys,
laughter and jests, as well as our sor-
rows, pains, grief, and tears.” So, 250
decades before the Decade of the Brain,
it was appreciated that the brain might
be a good place to look for a better
understanding of the phenomena of be-
havior, he said.

A universal concept is that different
brain territories subserve different func-
tions; contemporary neuroscientists be-
lieve that different brain systems
subserve different functions. The heu-
ristic that described cognitive intrusions
versus sensorimotor intrusions, along
with affective accompaniments for both
OCD and TS, finds an analog in func-
tional neuroanatomy. In the mid-
1980s, Alexander et al.3 first described
segregated parallel corticostriatal path-
ways; i.e., pathways or circuits from
specific territories in the cortex through
specific territories in the striatum to spe-
cific territories in the thalamus and back
again to the cortex by making a loop or
circuit through the same territories.

Many theorists have used this model
to describe different psychiatric disor-
ders by relating each of these circuits to
a different function; so that, a cognitive
corticostriatal pathway runs from the
lateral prefrontal and anterolateral
orbitofrontal cortex to the caudate
nucleus in the striatum, and the sen-
sorimotor pathway runs from the sen-
sorimotor cortex through the putamen,
and the affective or motivational circuit
runs from the paralimbic cortex (terri-
tories such as the cingulate cortex and
posteromedial orbitofrontal cortex)
through the nucleus accumbens. This
paralimbic belt serves as a conduit from
other cortical territories to the limbic
system proper, and, for the most part,
responds to information in a highly ide-
alized fashion. The meaning and im-

portance of information that comes
through the brain are categorized in
the paralimbic territories.

Dr. Rauch explained that this sim-
plified version of the circuitry reflects
present-day imaging resolution capa-
bilities that cannot segregate out dif-
ferent subterritories of the striatum. In
neuroimaging, the topography of dys-
function within the striatum may re-
flect (or actually govern) the clinical
picture. Given this scheme, he said,
one might surmise that OCD repre-
sents dysfunction within the cognitive
corticostriatal pathway whereas TS
might represent dysfunction within the
sensorimotor pathway, and a variety of
affective disorders (including anxiety
disorders) might involve dysfunction
in the pathway that mediates emotion.4

Currently, the place of neuroimag-
ing in the assessment of OCD is fairly
limited. The clinician occasionally or-
ders magnetic resonance imaging
(MRI) or computed tomography (CT)
studies to rule out organic pathology.
However, for the most part, functional
neuroimaging studies are not indicated
for the routine workup of OCD be-
cause the specificity and sensitivity for
distinguishing OCD from other disor-
ders (or from normal) are insufficient
to make these tests of clinical utility.

Neuroimaging tools allow us to
measure structure and function of the
brain, said Dr. Rauch. Correlates of
gross neuronal activity can be assessed
by observing which territories are rela-
tively more or less active. This is ac-
complished by making images that re-
flect metabolism or blood flow since
both are tightly coupled to neuronal
activity. Modalities used to acquire
such images include positron emission
tomography (PET), single photon
emission computed tomography
(SPECT), and functional MRI. In gen-
eral, if the blood flow in an area is high
we can infer that brain activity is also
high. In addition, neuroimaging tools
are also available that allow us to char-
acterize brain chemistry. It is worth

mentioning, Dr. Rauch said, that we
now have relatively noninvasive tech-
niques, utilizing PET and SPECT, that
characterize brain receptor systems in
vivo. We can also measure the concen-
tration of some compounds by using
magnetic resonance spectroscopy.

Investigators perform morphomet-
ric MRI studies to review structural
data by tracing different territories on
every slide or section through a very
high resolution acquisition of the brain
in a group of interest, such as an OCD
or a control group. The volume of the
selected territory is then precisely cal-
culated because volumetric abnormali-
ties may be associated with the dis-
ease. Of the three contemporary mor-
phometric OCD studies, all have found
abnormalities in caudate volume—ei-
ther increased volume of the right cau-
date, decreased bilateral caudate vol-
ume, or the suggestion of a rightward
shift in caudate volume.5–7 Although
these studies found caudate volumetric
abnormalities, the consistency of the
findings was not impressive, Dr. Rauch
noted. All three studies were done in a
relatively small number of subjects
with parameters that were varied, not
only between individuals but also
across gender and age. It may be that
some of the different findings reflect
the composition of the cohorts who
were studied as well as the specifics of
structure segmentation.

Investigators are now beginning to
appreciate the fact that caudate volume
is a dynamic parameter. It can change
as a consequence of infection or medi-
cation, and can oscillate from day to
day. Therefore, Dr. Rauch noted, the
significance of a large or small caudate
nucleus is not fully understood. We
can only infer that anything other than
normal volume may reflect dysfunc-
tion because clinical evidence of dys-
function has been seen in patients with
both large and small caudate nuclei. In
contrast, two groups studying TS had
analogous findings of a rightward shift
in volume within the putamen.8,9
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Another volumetric study, by
O’Sullivan et al.,10 found abnormali-
ties in patients with trichotillomania
similar to those of patients with TS,
i.e., a rightward shift of volume within
the putamen. One might have pre-
dicted similar volumetric findings with
TS and trichotillomania, said Dr.
Rauch, because the phenomenology of
trichotillomania is that of compulsive
hair twirling—often preceded by sen-
sations rather than by cognitions—per-
formed in a somewhat unconscious
manner. In analysis of the structural
data, volumetric abnormalities were
found in the caudate (the cognitive
pathway) in the OCD group, and in the
putamen (the sensorimotor pathway)
in the TS and trichotillomania groups.
Most of the functional neuroimaging
data of OCD are from neutral state
studies.11 In neutral states, the func-
tion of the brain is studied in patients
at rest; they are told to relax and do
nothing while sitting in a dark room
with the tracer uptake ongoing. Some
convergence of the data in neutral state
studies indicates hyperactivity or hy-
perfunction within the orbitofrontal
cortex and the caudate and also in the
anterior cingulate area—part of the
paralimbic system that plays some role
in emotion.

In addition to resting state studies
using comparisons between OCD
groups and control groups during a
neutral state, numerous studies have
measured brain function before and
after treatment (medication and behav-
ioral) in an OCD cohort.12–14 When pa-
tients are scanned before treatment,
hypermetabolism is seen in the cau-
date nucleus. After successful treat-
ment, when their symptoms resolve,
the activity within the caudate is re-
duced toward normal. An elegant
study, performed by Baxter et al. at
UCLA in 1992,15 underscores the idea
that hyperactivity of the circuit corre-
lates with the symptomatic state in
OCD. When patients improve, they no
longer show hyperactivity within the

system. Dr. Schwartz et al., also at
UCLA, have since replicated those
findings.16

The use of oxygen-15-labeled trac-
ers to produce blood flow images has
long been the workhorse of normal, hu-
man brain mapping. A whole realm of
ongoing research is now being designed
to better understand the functional
anatomy of normal cognitive function,
said Dr. Rauch. The technique involves
imaging the subject for several minutes
in different states, then mathematically
and graphically contrasting the images.
PET is used, by means of oxygen-15
tracers, to measure blood flow, which
is coupled to neuronal activity. The
brain activity profile associated with a
baseline condition is subtracted from
the brain activity profile associated with
an activated condition, to yield a statis-
tical difference image. In this way, the
network of brain regions that are differ-
entially active can be highlighted, and
the mediating anatomy of the state or
function in question can be inferred.
Data may have to be averaged over a
cohort of several subjects in the case of
subtle activations, such as those associ-
ated with emotional state changes or
cognitive functions.

This approach was used to determine
the brain systems that mediated the
symptoms of OCD, explained Dr.
Rauch. The subjects were scanned
twice during control states to improve
the statistical power, and the patient
helped to decide on the provocative
stimulus to be used so that it would
optimally provoke their OCD symp-
toms. The control state consisted of
having the patient lie in the scanner and
be touched with an innocuous stimulus
(e.g., a sterile glove) that was matched
with a provocative stimulus (e.g., a
“dirty” glove). In this way, the contrast
between activation during the provoked
symptomatic state and the control base-
line state could demonstrate graphically
the brain system that mediated symp-
toms of OCD. When patients were hav-
ing symptoms in the provoked state,

activation of the orbitofrontal cortex
bilaterally, the right caudate nucleus,
and the anterior cingulate cortex—as
indicated by increased regional cere-
bral blood flow (rCBF)—was associ-
ated with the obsessional state.17

When this study was replicated us-
ing functional MRI technology, the
findings converged nicely.18 Moreover,
a small control of cohorts failed to
show these activation patterns when ex-
posed to comparable stimuli.

During these studies, investigators
asked if the activation of blood flow
could be a reflection of nonspecific
anxiety rather than an OCD symptom.
To answer that question, other
provocable anxiety disorders were
studied. By using analogous methodol-
ogy, patients who had a phobia of small
animals showed activation in the para-
limbic system but no activation in the
anterior orbitofrontal cortex or caudate
nucleus. A script-driven imagery para-
digm was used to study posttraumatic
stress disorder and the findings again
showed activation of the limbic and the
paralimbic system, but no activation of
the anterior orbitofrontal cortex or the
caudate nucleus. Pooled analysis of
PET symptom provocation studies
across anxiety disorders, as well as a
study of normal subjects given intrave-
nous cholecystokinin tetrapeptide to
induce anxiety, showed similar find-
ings.

In conclusion, Dr. Rauch said, corti-
costriatal circuits are implicated in both
OCD and TS. The frontal-caudate
pathway is implicated in OCD,
whereas (based on volumetric data) the
sensorimotor-putamen pathway is im-
plicated in TS. The limbic and paralim-
bic systems are implicated in nonspe-
cific anxiety, both in patients with anx-
iety disorders and in normal controls.
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Obsessive-Compulsive
Behavior in Basal Ganglia
Disorders

Part of the excitement engendered
by contemporary neuropsychiatry is
the ability to look at the psychiatry of a
neurologic illness (basal ganglia dis-
ease) and the neurology of a psychiat-
ric illness (obsessive-compulsive dis-
order) and find a convergence of symp-
toms, said Jeffrey L. Cummings, M.D.

A large number of disorders affect
the caudate nucleus and produce ob-
sessive-compulsive disorder (OCD).
These include Tourette’s syndrome
(TS), Sydenham’s chorea, Parkinson’s
disease, and Huntington’s disease.
Neuroacanthocytosis is a rare autoso-
mal recessive disorder that produces
tics and OCD and affects the cauda t e
nuc l eus  s im i l a r  t o  Huntington’s
disease. It is a remarkably sound model
of the relationship between caudate de-
generation and the occurrence of OCD
and tics. Dr. Cummings also noted that
one manifestation of basal ganglia cal-
cification syndromes can be OCD, with
or without tics. Caudate anoxia and is-
chemia also can produce localized le-
sions that may result in a tic syndrome
with OCD. Rett’s syndrome is a dis-
ease of young girls characterized by
obsessions, compulsions, and stereo-
typical movements of the hands that
resemble both tics and chorea. Patients
with Lesch-Nyhan syndrome, another
rare disorder, also have obsessions and
compulsions; a particular compulsion
(lip-biting) may lead to destruction of
the lips.

Tourette’s syndrome is a disorder
characterized by tics and involuntary

vocalizations that wax and wane. By
definition, the disease begins before
18 years of age. Obsessions and com-
pulsions are present in many TS pa-
tients; however, those patients may
not meet the full criteria for OCD be-
cause the symptoms are of insufficient
severity to be disabling. Approxi-
mately half of TS patients actually
meet the criteria for OCD; among oth-
ers, less severe obsessional and com-
pulsive symptoms are common.

Evidence of increased dopamine
activity within the caudate nucleus has
been found in patients with TS. A
study by Singer et al.1 compared do-
pamine carrier sites (or transporters)
in patients with TS and in controls,
and found more carrier sites in both
the putamen and caudate in the pa-
tients with TS. In the case of TS, we
believe that the putamen abnormality
is largely responsible for the tics, and
the caudate abnormality is largely re-
sponsible for the obsessive-compul-
sive symptoms, Dr. Cummings said.
An earlier study done at UCLA2 used
a modified Leyton Obsessive-Com-
pulsive Inventory to score patients
with pure OCD (without tics) against
patients with TS, compared with nor-
mal controls. Although the mean
scores for TS patients were lower than
the mean scores for the pure OCD
patients, the highest score in the study
was achieved by a TS patient, and
much variation was seen within that
group. Samuel Johnson, as described
by Boswell, was probably the most
famous “tic-er” in history, according
to Dr. Cummings. Johnson demon-
strated that complete compatibility ex-
ists between superior intellect and an
almost disabling case of Gilles de la
Tourette’s syndrome, he said.

Sydenham’s chorea is a post-strep-
tococcal infection with choreiform
movements, and OCD or obsessive-
compulsive (OC) behaviors occur in
70% of these patients.3 There was evi-
dence of dopaminergic hyperactivity,
as in TS,  and the patients had antineu-
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ronal antibodies directed against com-
ponents of the basal ganglia. A child-
hood version of an obsessional inven-
tory was given which showed that in-
trusive thoughts interfered with daily
activities in the children with Syd-
enham’s chorea, but not in those chil-
dren with rheumatic fever without cho-
rea.

Parkinson’s disease shows classic
mid-brain pathology. As L-dopa is
given to offset dopamine depletion in
the putamen and caudate nucleus, tics
and OCD emerge in states of L-dopa
toxicity; 57% of these patients tested
on an obsessional inventory scale have
elevated OC scores.4

Huntington’s disease is an autoso-
mal dominant disorder characterized
by chorea and dementia. Remarkable
progress has been made in the last 3 or
4 years in defining the actual genetic
mutation that causes the disease. Pa-
tients with Huntington’s disease have
34 or more CAG triplicate repeats on
chromosome 4, instead of the normal
count of fewer than 27 repeats. This
increase in the number of simple re-
peating units in the gene results in re-
gional neurotoxicity to the caudate
nucleus that causes degeneration—ex-
pressed in a variety of psychopatho-
logic symptoms including irritability,
apathy, depression, psychosis, mania,
OCD, and OC behavior.

Dr. Cummings then made a case
presentation of a 58-year-old male pa-
tient with late onset Huntington’s dis-
ease who developed marked cleaning
compulsions. The patient, with severe
and advanced chorea, had typical
cleaning compulsions and was con-
stantly removing garbage from the
house to outside bins. Prior to the on-
set of Huntington’s disease, he had ex-
perienced no compulsions. Haloperi-
dol treatment reduced his chorea but
had no effect on the compulsions; he
later showed a modest response to se-
rotonin selective reuptake inhibitors.
In general, Dr. Cummings said, the
same therapeutic interventions are used

whether the OCD is idiopathic or asso-
ciated with basal ganglia disease.

A variety of globus pallidus disor-
ders associated with OCD have also
been described. These include post-
encephalitic parkinsonism, manganese
intoxication, pallidal anoxia and is-
chemia, and progressive supranuclear
palsy (a parkinsonian-like state).

Postencephalitic parkinsonism is an
extremely important, historical dis-
ease, said Dr. Cummings. Over a mil-
lion persons were victims of Von
Economo’s encephalitis in a world-
wide pandemic from 1917 to 1929.
Parkinsonism occurred in 80% of the
survivors, usually within 10 years of
the original encephalitis. One of the
features of the resulting parkinsonian
state was oculogyric crisis. Many of
the patients had OCD within the con-
text of the oculogyric crisis; i.e., they
would have the compulsion to count to
a thousand and their eyes could not
come to midpoint until they reached
that number. They might also have in-
trusive, violent thoughts during the
oculogyric crisis but not at other times.
This demonstrated a remarkable con-
currence of two circuits—eye control
and cognitive—involving forced ocu-
lar movements and forced thinking.

The globus pallidus is preferentially
affected in postencephalitic parkinson-
ism. Focal pallidal lesions can also re-
sult from stroke and anoxia. The le-
sions are almost always bilateral when
OCD occurs. A remarkable case in the
literature described a patient who sus-
tained a left-sided globus pallidus le-
sion with no development of OCD. She
later had a second stroke with resulting
right globus pallidus lesions. She was
in an apathetic state but gradually re-
covered from the stroke, and then de-
veloped OCD. Perhaps the right-sided
lesions were particularly important,
said Dr. Cummings. The onset of OCD
usually follows recovery from the fo-
cal event, so that apathy may evolve
into OCD and parkinsonism may be
absent or mild. Discrete lesions of the

globus pallidus may be seen on both
MRI and CT scan.5

Until 10 years ago, the basal gan-
glia were thought to be primitive mo-
tor structures involved in tremor and
chorea. We are on the threshold of un-
derstanding them more profoundly, Dr.
Cummings said, and we now know that
they are critically involved in human
emotion and cognition. Most disorders
that produce OCD have bilateral ana-
tomic lesions in the caudate and the
globus pallidus only—the remaining
areas of the basal ganglia, the temporal
lobe, and the thalamus are not involved
in OCD.

Five circuits outlined by Alexander
et al.6 connect the frontal lobe to sub-
cortical structures, and different dis-
eases may affect different levels of
these circuits. Two of these circuits are
particularly important for our under-
standing of obsessive-compulsive dis-
order, noted Dr. Cummings. Executive
dysfunction can occur with injury to
circuits including the dorsolateral pre-
frontal cortex, caudate nucleus, globus
pallidus/substantia nigra, and the tha-
lamus. OCD occurs as a result of in-
jury to a parallel, independent, and seg-
regated circuit that begins in the
orbitofrontal cortex and projects to the
caudate nucleus, the globus pallidus/
substantia nigra, and the thalamus (Fig-
ure 1).

This is a working model of how
OCD might be produced and how the
syndromes that cause OCD fit into the
same anatomical framework. Because
of the close anatomical relationship, it
is not uncommon to have both execu-
tive dysfunction and OCD in the same
patient.

Glutamate is the transmitter to and
from the cortex in this circuitry (Fig-
ure 2). It is used in the projection from
the orbitofrontal cortex to the caudate
nucleus and from the thalamus back to
the cortex. Gamma-aminobutyric acid
(GABA) is the primary transmitter be-
tween the basal nuclei. Although glu-
tamate and GABA are the exclusive
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transmitters within the basic anatomi-
cal framework, dopamine and serotonin
are important modulating transmitters.
Dopamine projects primarily from the
substantia nigra to the caudate nucleus
and the putamen, while serotonin
projects primarily from the raphe of the
brain stem to the globus pallidus. These
transmitters also have different involve-
ment in the circuits; when a dopaminer-
gic agent is given, the motor circuit and
parkinsonism is improved. A serotoner-
gic agent affects the orbitofrontal cir-
cuit and OCD symptoms improve. This
provides us with a pharmacoanatomy
for understanding where drugs work.
Drugs have very specific regional ef-
fects in the brain; they do not work
diffusely. Measurements of glucose me-
tabolism show hypermetabolism of the
right caudate nucleus in the obsessive-
compulsive patient compared with a
normal control.7

Psychosurgery is not a frequent in-
tervention, but is still considered in ex-
treme cases of OCD. Surgical interven-
tions include cingulotomy, subcaudate
tractotomy, limbic leukotomy, and an-
terior capsulotomy. The two most suc-
cessful surgeries—bimedial leukotomy
and anterior capsulotomy—are those
that follow the same precise pathway as
the different disease states, those that
disrupt the orbitofrontal subcortical cir-
cuit.

The neurologic evaluation of OCD
should include the following consider-
ations, said Dr. Cummings:
• Late onset of the disease should sug-

gest a neurologic disorder because
pure OCD typically begins early in
life.

• Since OCD frequently occurs in
families, the absence of a family his-
tory should suggest an acquired
OCD.

• A careful neurologic examination is
mandatory for detection of early par-
kinsonism or mild chorea.

• A neuropsychological evaluation has
a definite role in the assessment of
an OCD patient.

Figure 1. Behaviorally Relevant Frontal-Subcortical Circuits
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• If an acquired disorder is suspected,
the laboratory workup may include:
– an MRI, looking for structural le-

sions
– blood tests including antineuro-

nal antibodies, anticardiolipin an-
tibodies, an ESR (erythrocyte
sedimentation rate) and ANA (an-
tinuclear antibodies) for collagen
vascular disease that frequently
affects the caudate nucleus, and
an antistreptococcal DNase-B as-
say, the best test to detect a previ-
ous streptococcal infection.

– a pregnancy test in a female of
childbearing age because chorea
gravidarum is a reactivation of the
post-streptococcal choreic state.

In summary, Dr. Cummings re-
viewed the main points of the presen-
tation. OCD occurs with caudate and
globus pallidus lesions. It can present
as a pure, full-blown OCD state or as
OC behavior—obsessions and compul-
sions that are not disabling but are defi-
nitely present phenomenologically and
have diagnostic importance. The dis-
orders can be mapped onto frontal sub-
cortical circuits connecting the frontal
lobe, the basal ganglia, and the thala-
mus. Direct and modulating transmit-
ters suggest a pharmacoanatomy that
is the basis for intervention with SSRIs.
Finally, there is a neurological differ-
ential diagnosis for OCD that needs to
be considered when evaluating an
OCD patient.
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Neuropsychology of OCD:
New Findings and
Applications

Neuropsychology, according to
Cary R. Savage, Ph.D., is a branch of
psychology that focuses on the study
of the relationship between the func-
tioning of the brain and cognitive pro-
cesses of behavior, specifically, higher
cognitive functions such as memory,
spatial abilities, and language. The
neuropsychologist is interested in brain
function (or dysfunction) and how it
affects the mental life of a patient.
Many neuropsychologists have their
own perspectives on psychiatric disor-
ders such as obsessive-compulsive dis-
order (OCD), said Dr. Savage. Neuro-
logic disorders that affect the cortico-
striatal system such as Parkinson’s dis-
ease and Huntington’s disease are
well-defined, and the cognitive char-
acteristics of these disorders have been
used to develop concepts that can be
specifically tested in patients with
OCD.

Cognitive difficulties may be the
outcome of brain dysfunction, but they
may also be part of the problem itself,
in effect, creating a vicious cycle that
maintains and compounds the obses-
sions and compulsions. Dr. Savage
cited the example of a person who wor-
ries about catastrophic events that may
happen when a stove is not turned off.
If that obsession is compounded by a
memory problem, then the memory

deficit can contribute to the symptoma-
tology.

Neuropsychology has several appli-
cations. It can be used to demonstrate
the impact of changes in brain function
on cognitive ability and the effect these
changes can have on the daily life of a
patient relative to work, school, and
interpersonal  relationships. Neuro-
psychologists are also involved in cog-
nitive activation studies such as symp-
tom provocation and functional neu-
roimaging. Neuropsychologists work
to devise cognitive probes to activate
particular brain systems. As investiga-
tors focus on identifying key underly-
ing cognitive problems, newer treat-
ments may focus on the cognitive
symptom as the point of intervention.

OCD patients frequently have ab-
normalities in the caudate nucleus and
the frontal lobes. These regions form a
distributed corticostriatal system that
mediates certain cognitive abilities.
Since the basal ganglia mediate impor-
tant cognitive as well as motor func-
tions, certain characteristic cognitive
problems relate to the connections of
the basal ganglia to the prefrontal cor-
tex.1

Some OCD hypotheses have been
developed by examining neurologic
disorders such as Huntington’s disease
and Parkinson’s disease. In addition to
gross motor disability in these two dis-
orders, difficulties also occur with
higher level motor function such as
planning and sequencing complex mo-
tor movements.

The term executive functioning re-
fers to high-level functions that control
lower functions. Persons with execu-
tive dysfunction have difficulties with
attention and working memory—the
ability to keep something in mind long
enough to work with it. He cited the
solution of a mathematical problem as
an example of using working memory.
One needs working memory to retain
the problem long enough to perform
the operations necessary to solve it.
Persons with executive dysfunction
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cannot easily initiate, maintain, and
shift abstract mental sets. They cannot
understand how things are related and
then shift them (when appropriate) to
see how they may be related in a differ-
ent way. OCD patients also have diffi-
culty planning and organizing material
that impacts on their memory.

Dr. Savage said that patients with
basal ganglia disorders tend to have
visuospatial disabilities that influence
how they operate in the outside world.
These disabilities include poor con-
structional ability (drawing) and lack of
understanding how pieces come to-
gether to make a whole. Another char-
acteristic of patients with basal ganglia
disease is difficulty with explicit (or
conscious) memory. Memory is a three-
stage process that includes encoding
(the learning of material), storage (the
ability to maintain material over time),
and retrieval (the ability to recall the
material at will). Patients with basal
ganglia disorders have difficulty with
the encoding and retrieval aspects of
memory; this is the case with OCD pa-
tients as well.2

Studies of neurologic disorders point
to the important effects of disease on
prefrontal systems. Increasing evidence
shows that cognitive problems in OCD
patients may be associated with corti-
costriatal system function, including
difficulties with nonverbal memory,
visuospatial skills, and visual attention
(the ability to focus attention on the
visual world). Memory problems may
be the result of frontal system dysfunc-
tion that leads to impairment in execu-
tive functioning. If a person has diffi-
culty with planning and organization of
material, it may affect how memories
are encoded and retrieved. These pa-
tients do not forget information; be-
cause of organizational problems, they
have difficulty in the initial absorption
of material. Subsequently, they have
difficulty retrieving those memories be-
cause of the way they were encoded.

Investigators are interested in how
executive functioning relates to nonver-

bal memory, said Dr. Savage. Until
recently, it has been difficult to link
memory findings to specific underly-
ing brain systems. The Rey-Osterreith
Complex Figure Test3 provides a mea-
sure of both construction and nonver-
bal memory. Other tests that measure
executive functioning are the Odd Man
Out Test, that measures the ability of
the individual to initiate and maintain
an abstract mental set, and the Visual
Verbal Test, that measures the ability
to shift mental sets.

When taking the Rey-Osterreith
Complex Figure Test, the subject is
asked to look at a complicated figure
and draw it (construction), then asked
later to recall the figure from memory
and draw it again (nonverbal memory).
This test also has a significant execu-
tive function component that is re-
flected in the way the person organizes
the initial drawing. Dr. Savage then
asked members of the audience to take
the test in order to appreciate its use in
recent studies. He explained that when
study subjects took the test, colored
pencils were shifted every 15 seconds
to assess organizational strategy. In his
studies using this test, control subjects
have usually had an organized ap-
proach and have focused on large ob-
jects, whereas OCD patients have con-
centrated on “details, details, details.”
All these details are difficult for the
brain to remember, he said. The brain
is expecting rectangles, crosses, and
triangles, and is getting nonsense in-
stead.

Investigators think that patients
with OCD (and other frontal system
disorders) may have more of a prob-
lem with executive function—i.e., how
they organize when they copy the fig-
ure—than with memory. Dr. Savage
presented a drawing to the audience
that was done by a 32-year-old patient
with OCD. The patient was articulate
and intelligent, with a master’s degree
in education, and an intelligence quo-
tient (I.Q.) of 132. The original draw-
ing had no overall contour or shape,

and it was so disorganized that the pa-
tient had difficulty recalling it later.

Dr. Savage then presented a study
that looked specifically at the mediat-
ing effects of executive functioning on
nonverbal memory and OCD. Twenty
right-handed OCD patients were com-
pared with 20 controls who were
matched for age, education, and esti-
mated verbal I.Q. All subjects took the
Yale-Brown Obsessive-Compulsive
Scale, the Maudsley Obsessive-Com-
pulsive Inventory, the Beck Depression
Inventory, and the Beck Anxiety In-
ventory. None of the OCD patients had
taken medication for at least a month,
they were not depressed, and they were
free of other comorbid psychiatric dis-
orders.

Subjects were given the Rey-Oster-
reith Complex Figure Test. Investiga-
tors looked at accuracy—the way the
figure was drawn in relation to the
model—and at organizational strategy.
The subjects were asked to copy the
model, to draw it from memory (imme-
diate recall), then to draw it again after
30 minutes (delayed recall). An organi-
zational score was calculated and mea-
sured against performance, based on
memory. Both groups copied the figure
accurately, but the OCD subjects did
not learn as much information from
copying the figure as the control group,
so that there was a significant differ-
ence between the two groups in imme-
diate and delayed recall (Figure 3).

This interaction indicates that this
was a problem in learning new infor-
mation not a memory problem. The in-
ability to learn and recall new informa-
tion can contribute to some of the
symptoms that OCD patients exhibit,
he said. The investigators also tested a
mathematical model to explain the im-
pact of organization on retention of in-
formation between the controls and
OCD subjects. Initially, there was a
significant difference in retention be-
tween the groups; the OCD patients did
not learn as much information after
copying the figure. When organization
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was included as a mathematical cova-
riant, Dr. Savage said, investigators
could explain most of the variance in
the groups. Once the effects of organi-
zational impairment were considered,
the memory differences were no longer
significant.

These studies showed that distur-
bances in executive function play a sig-
nificant role in nonverbal memory
problems in OCD and the results were
consistent with current theories of cor-
ticostriatal system dysfunction in
OCD. Neuropsychologists hope to use
knowledge of specific cognitive
strengths and weaknesses to design
new, adjunctive treatments to comple-
ment existing medication and behav-
ioral therapies for OCD patients, espe-
cially those who have been treatment-
refractory. For example, after deter-
mining the impact of organizational
problems on nonverbal memory, the
OCD patient could be taught strategies

to compensate for organizational defi-
cits that might have an impact on
memory-related symptoms.

Neuropsychology may one day be
part of the overall evaluation and treat-
ment plan formulation for OCD. Infor-
mation obtained from neuropsycho-
logical research can be used to guide
treatment, to evaluate the effectiveness
of treatment, and perhaps to target spe-
cific cognitive characteristics and un-
derlying brain functions. Neuropsycho-
logical techniques are highly cost ef-
fective and noninvasive and may be a
useful means of evaluating patients in
the future.
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Neuropharmacology of
Obsessive-Compulsive
Disorder

Great strides have been made in the
treatment of obsessive-compulsive dis-
order (OCD) in the past decade, said
Wayne K. Goodman, M.D., because of
the advent and refinement of serotonin
reuptake inhibitors (SRIs) and antide-
pressants. Three drugs now have FDA
approval for the treatment of OCD:
clomipramine, fluvoxamine, and flu-
oxetine. Despite these advances, only
40% to 60% of OCD patients respond
to SRI monotherapy, and even those
patients we call responders may have
only a partial response, he said. A
number  o f  pharmacolog ic  ap-
proaches have been employed; a com-
bination of behavior therapy and drugs
likely provides the most effective treat-
ment for OCD.

The strategy for combining SRI
agents with other drugs is to select a
medication that acts on the serotonin
system in a way that is synergistic or
additive. A few agents have shown en-
couraging results based on this strat-
egy. Unfortunately, there have been
few controlled studies and those that
were done (in the cases of lithium and
buspirone) had negative results. Pin-
dolol may be familiar as a β−blocker,
but it is also a 5-HT1A antagonist.
Based on some preclinical studies and
studies in depression, there is reason to
believe that it may act to accelerate or
enhance serotonergic transmission.
Pierre Blier had insignificant to mixed
findings in using a combination of pin-

Figure 3. Rey-Osterreith Complex Figure Test*

*Reference 4.
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dolol with an SRI in the treatment of
OCD.

In response to increasing numbers
of nonresponders, clinicians have given
consideration to the use of neuroleptics
for the treatment of OCD patients.
While standard neuroleptic treatment
does not seem to be indicated in the
general treatment of OCD patients, Dr.
Goodman stated, certain target groups
might respond to a combination of an
SRI and a neuroleptic. These target
groups include OCD patients that meet
Axis-II criteria for schizotypal person-
ality disorders—the patients for whom
Dr. Jenike has coined the term schizo-
obsessive. Patients with OCD who cross
the line and become frankly delusional
and patients with delusional depression
might also respond to a neuroleptic. Re-
search has also focused on the rela-
t i onsh ip  be tween  OCD and Tou-
rette’s syndrome (TS) and the possible
role of neuroleptics in the treatment of
these disorders, he said. Multiple and
converging lines of evidence indicate
that the neuroanatomical seat of OCD
may be the basal ganglia.

The textbook definition of tics places
emphasis on the involuntary nature of
the movements, a distinction that may
help to differentiate tics from compul-
sions. However, many tics (particularly
complex tics) can be suppressed for sec-
onds, minutes, or even hours. A com-
pulsion characteristically occurs after
an obsession and is preceded by a
thought that seems to drive the behav-
ior. However, in a minority of cases,
some compulsions may occur without a
preceding thought. It becomes particu-
larly difficult to differentiate tics from
compulsions in patients with tic-like
compulsions and complex motor tics.
An example of this behavior is in a
person who must repeatedly touch or
tap the surface of a doorway when leav-
ing a room. The way to decide if this is
a tic or a compulsion is to ask why the
behavior is being performed. If the be-
havior is preceded by a thought that
seems to drive it, we tend to call it a

compulsion. If there is no ideation be-
hind the behavior (like an itch that must
be scratched), we are more likely to
call it a tic. We are also more likely to
call the behavior a tic if there are other
tics occurring at the same time, Dr.
Goodman noted.

Some studies have suggested that
certain types of OC symptoms are more
common in those patients who have
both tics and OCD, particularly obses-
sions with symmetry or exactness,
counting compulsions, and evening-up
behaviors. Dr. Goodman and col-
leagues conducted a study1 in which
the types of OC symptoms were com-
pared between a group of 35 OCD pa-
tients with tics and a matched group of
35 OCD patients without tics. A re-
markably high degree of overlap in the
types of obsessions was noted between
the two groups. However, there were
significant differences in compulsions
between the two groups, particularly in
compulsions involving touching, blink-
ing, ordering, and counting. These dif-
ferences were noted despite a conser-
vative definition of compulsions—the
patient clearly had to have a thought
preceding the behavior.

Perhaps the most compelling data of
a relationship between certain forms of
OCD and TS come from family genetic
studies that have found a much higher
rate of tics, chronic tic disorders, and
OCD in TS probands.2 Differences
do occur between the two disorders,
however, noted Dr. Goodman. The
number of males affected with TS is
approximately three times the number
of females, whereas equal numbers of
males and females are affected with
adult OCD (childhood OCD affects
more males). The onset of TS occurs,
by definition, in childhood; although
the onset of OCD occurs before age 18
in 50% of patients, a number of pa-
tients (particularly females) have an
adult onset.

As for treatment response, the SRIs
are preferentially effective in OCD,
whereas the dopamine D2 antagonists,

as well as clonidine, are the most ef-
fective drugs in suppressing tics. The
fact that both serotonergic and dopa-
minergic systems have a modulating
effect on elements of the basal ganglia
circuit that are implicated in OCD and
TS (see Dr. Cummings’ presentation,
Figure 1) causes us to wonder if cer-
tain cases of comorbid OCD and TS
may require dual manipulation of those
two systems to achieve adequate con-
trol of the OC behavior, Dr. Goodman
said. McDougle and Delgado have
published several case reports suggest-
ing that certain cases of OCD with tics
respond best to an SRI-neuroleptic
combination.

In 1994, McDougle et al. published
a double-blind, controlled study3 in
which a sample of OCD patients—en-
riched with patients who had a comor-
bid tic disorder—were given a seroto-
nin reuptake inhibitor and a neurolep-
tic to reduce OCD symptoms. A care-
ful attempt was made to differentiate
tics from compulsions. The concomi-
tant use of fluvoxamine and haloperi-
dol significantly reduced symptoms of
OCD in 11 of 17 fluvoxamine-refrac-
tory patients, including all 8 patients
with comorbid tic disorders. Haloperi-
dol was less effective in patients with-
out tics.

These findings led us to review our
total clinical experience of patients
who had OCD and tics, said Dr. Good-
man. We identified two groups of 33
patients each; one group with both
OCD and tics, and the other group with
OCD only.4 Using the Clinical Global
Impression scale, we found that the
response to fluvoxamine in the comor-
bid tic group was 21% (N = 7) whereas
the response in the group that had OCD
alone was 52% (N = 17). The same
response was reflected in the Yale-
Brown Obsessive-Compulsive Scale.
These findings suggest that comorbid
tics may be a poor prognostic indicator
and may indicate that an individual is
less likely to respond to SRI treatment
alone.
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Dr. Goodman emphasized that he is
not suggesting that all OCD is related
to TS; comorbidity data and family ge-
netic studies indicate from 10% to 20%
of OCD cases probably bear a biologi-
cal relationship to TS. Nevertheless,
that relationship is established at sev-
eral levels, he said. Evidence based on
segregation analysis data indicates that
OCD and TS may be transmitted to-
gether as an autosomal dominant trait
with mixed expressivity. This may be
influenced to some degree by gender; a
woman carrying the diathesis will
likely express it as OCD.

Groundbreaking work on the rela-
tionship between OCD and another
movement disorder has been done by
Swedo and colleagues at the Child Psy-
chiatry Branch of the National Institute
of Mental Health, said Dr. Goodman.
Swedo has recently proposed that
Sydenham’s chorea may serve as a
medical model for some forms of child-
hood obsessive-compulsive disorder or
Tourette’s syndrome.5 Sydenham’s
chorea is a late manifestation of rheu-
matic fever, which, in turn, is a compli-
cation of an upper respiratory infection
with the group A beta-hemolytic strep-
tococcus (GABHS). The lag time be-
tween the streptococcal pharyngitis and
manifestations of chorea may range
from 1 to 6 months, which may repre-
sent a problem in establishment of a
diagnosis. Rheumatic fever with mani-
festations of carditis and arthritis has a
latency period of 10 to 20 days.

Thomas Sydenham first described
the syndrome of Sydenham’s chorea
over 300 years ago, but the inciting
role of the streptococcus was not rec-
ognized until the 1930s. Sydenham’s
description of the condition was re-
ferred to as St. Vitus dance because of
the role St. Vitus played as the protec-
tor of individuals who suffered from
dancing mania. More likely, this mania
was a form of mass hysteria. It is
thought that the streptococcal infection
triggers antibodies to the streptococcal
bacterium that cross react with anti-

genic determinants (epitopes) of the
host located in cardiac muscle and
other tissues. This cross-reaction may
also include some structures within the
basal ganglia. In a study done some 20
years ago by Husby et al., circulating
antibodies that were directed at the
caudate nucleus and subthalamus were
i s o l a t e d  f r o m  p a t i e n t s  w i t h
Sydenham’s chorea; these antibodies
also cross-reacted with elements of the
streptococcal cell membrane.

The Jones criteria for rheumatic fe-
ver previously required some evidence
of a preceding streptococcal infection,
either from direct methods (throat cul-
ture) or from indirect methods (anti-
streptococcal antibodies) and major
manifestations of carditis, polyarthri-
tis, and chorea. In a modification of the
Jones’ criteria, it is now permissible to
diagnose rheumatic fever if chorea
alone is present plus some evidence of
prior streptococcal infection. Anti-
streptolysin O titers (ASO) and anti-
streptococcal DNase B titers are ex-
amples of the general pattern of anti-
body response to streptococcal extra-
cellular antigens. These titers rise
quickly but begin to decline around 6
months after the streptococcal infec-
tion; thus, the levels may be equivocal
at the onset of motor manifestations of
Sydenham’s chorea.

Rheumatic fever is a significant
problem throughout the developing
world. Since the mid-1980s, there has
been a resurgence of cases in 25 states
across this country with some feature
different from previous outbreaks. The
isolated streptococcal strains respon-
sible for recent outbreaks seem to be
less virulent with respect to producing
symptomatic pharyngitis. In a survey
of 173 cases, only 46% had clinically
detected pharyngitis. If a streptococcal
pharyngitis goes undetected, adequate
treatment is less likely and the risk of
rheumatic fever increases. In addition,
these particular strains of streptococci
appear to be more rheumatogenic, i.e.,
more likely to produce complications

of rheumatic fever, in particular, cho-
rea.

Swedo was prompted to investigate
the relationship between Sydenham’s
chorea and OCD for two reasons, said
Dr. Goodman. One, there was evi-
dence that basal ganglia structures
might be involved in the etiology of
Sydenham’s chorea. Second, earlier
accounts had described OC symptoms
as well as a wide range of other emo-
tional and psychiatric problems asso-
ciated with Sydenham’s chorea. More
recently, Swedo confirmed that OC
symptoms were present in over 70%
of patients with Sydenham’s chorea,6

and that a higher rate of OC symptoms
occurred in patients who had rheu-
matic fever with chorea than in those
who had rheumatic fever alone.7

In a group of 21 patients (predomi-
nantly female), Swedo reported that
OC symptoms in patients with Syd-
enham’s chorea were indistinguish-
able from those found in the idiopathic
condition.8 In contrast to usual case
histories of OCD, Dr. Goodman said,
the onset of OC symptoms in the
Sydenham group was abrupt and usu-
ally preceded the onset of choreiform
movements. Unlike most cases of
OCD—that tend to follow a more
chronic trajectory—the course in these
patients seemed to be episodic. Other
psychiatric symptoms observed were
separation anxiety, emotional lability,
inattentiveness, and hyperactivity.

In addition to chorea, tics and dys-
tonic movements were also described
in Swedo’s studies. Dr. Goodman
pointed out that a wide array of invol-
untary movements occur in both
Sydenham’s chorea and Tourette’s
syndrome. In fact, he said, not all
i n v o l u n t a r y  m o v e m e n t s  i n
T oure t t e ’s  syndrome are t ics;
some may be characterized as dys-
tonic or choreiform movements. The
mean duration of chorea was 6 months
(with a range up to 21 months) and
24% (N = 5) of the cases had
Sydenham’s chorea as the only mani-
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festation of rheumatic fever. The ear-
liest motor sign in these cases was loss
of fine motor control; teachers would
often detect handwriting problems in
children who formerly had good pen-
manship. A cardinal sign of motor im-
persistence, or loss of fine motor con-
trol, is “milkmaid’s grip”—the inabil-
ity to maintain a tetanic contraction.
Two percent to 3% of patients infected
with GABHS develop rheumatic fever
and 10% to 30% of rheumatic fever
patients develop Sydenham’s cho-
rea. Pathogenic factors, host-related
factors, and familial tendencies all de-
termine the vulnerability of patients to
develop both rheumatic fever and
Sydenham’s chorea.

A monoclonal antibody, referred to
as monoclonal antibody D8/17, has
been developed by Zebriskie and col-
leagues at Rockefeller University. The
antibody was originally prepared from
mice that were immunized repeatedly
with B cells or B lymphocytes from a
patient who had rheumatic carditis. A
monoclonal cell line of the antibody
was then developed that recognizes a
B-cell antigen present in all patients
with rheumatic fever and in 7% of
controls. Dr. Goodman emphasized
that this is not a test for circulating
antibody levels; rather, it measures the
percentage of peripheral B lympho-
cytes that express the D8/17 antigen.
The percentage of positivity is highest
in index cases of documented rheu-
matic fever, intermediate in nonin-
fected family members, and low in
controls. This monoclonal antibody
may ultimately serve as a marker for
both the susceptibility and presence of
rheumatic fever.

Another D8/17 positivity study by
Murphy et al.9 was conducted on clinic
patients, aged 7 to 24 years, with a
childhood onset of OCD or TS. In the
31 patients who participated in the
study (mean age of 14 years), 29%
(N = 9) had pure OCD, 16% (N = 5)
had pure TS, and 55% (N = 17) had
both OCD and TS. The subjects were

matched by 21 healthy controls with
a mean age of 13.9 years. The num-
ber of males in both the patient group
(22 males/9 females) and the control
group (12 males/9 females) reflected
the higher rate of TS in males. An
indirect immunofluorescent assay
was used to evaluate the D8/17 anti-
gen present on B cells or B lympho-
cytes. An arbitrary figure of greater
than 12% expression of lymphocytes
was used because it represented 1 SD
above normal values.

All 31 patients and 1 control
showed an elevated percentage of D8/
17 antigen. No significant differences
were found between controls and pa-
tients in ASO titers and antistrepto-
coccal DNase B assays—two stan-
dard tests for extracellular products
of streptococcal infection. No evi-
dence of rheumatic carditis occurred
in any of the patients. ACHO, an anti-
body directed against the cell mem-
brane of the streptococcus bacterium
that is elevated in nearly all patients
with rheumatic carditis, was not
present in either group. An insignifi-
cant but slight increase of circulating
antineuronal antibodies—prepared
from postmortem human caudate and
putamen tissue—was found in the pa-
tient group.

An increase in peripheral B cells
expressed in D8/17 antigen occurred
despite the absence of documented
rheumatic fever or Sydenham’s cho-
rea in this cohort. Retrospectively,
one could reconstruct the histories
and argue that as many as four pa-
tients had a preceding pharyngitis
with a clinical picture that might have
been diagnosed as Sydenham’s cho-
rea had they gone to a neurologist
first. By and large, all of these pa-
tients would have been recognized as
having OCD and TS.

In conclusion, Dr. Goodman stated
that his conservative interpretation of
these findings is that D8/17 may serve
as a common marker for vulnerabil-
ity, not only to the development of

rheumatic fever but also to the devel-
opment of some forms of childhood-
onset OCD or TS. Sydenham’s variant
of OCD should be considered in a child
with an acute onset of adventitious
movements, hypotonia, and behavioral
changes. An inquiry into the possibil-
ity of a preceding streptococcal phar-
yngitis should be made, and serology
should be obtained while searching for
other major manifestations of rheu-
matic fever, including carditis and mi-
gratory arthritis. Treatment strategies,
including plasmapheresis, intravenous
immunoglobulin, prednisone, and
penicillin prophylaxis, are now being
studied by investigators at the Child
Psychiatry Branch of NIMH.
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