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Abstract The main goal of the present study was to ex-
plore whether regional cerebral blood flow (rCBF) differs
between obsessive-compulsive disorder (OCD) patients
without chronic motor tic disorder and those OCD pa-
tients with a comorbid chronic tic disorder. Twenty-seven
patients suffering from OCD (DSM-IV criteria), including
7 OCD patients who met DSM-1V criteria for simple
chronic motor dic disorder, and 16 healthy volunteers
were examined at rest using a high resolution SPECT.
Seven regions of interest (ROIs) were manually traced
and quantified as a percentage of the mean cerebellar up-
take. Severity of obsessive-compulsive symptoms (OCS),
anxiety and depressive symptoms and presence of motor
tics were assessed with the Y-BOCS, HRS-A, HRS-D,
MADRS, and Yale Global Tics Severity Scae, respec-
tively. We found a significant relative decrease in rCBF in
OCD patients without motor tics compared to healthy vol-
unteersin the right orbitofrontal cortex (OCD without tics
= 0.87; healthy volunteers = 0.94; p = 0.02). No signifi-
cant differences in rCBF were seen when OCD patients
with and without chronic tics were directly compared. A
lower severity of OCS in OCD patients with chronic tics
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was found. These results are consistent with previous
functional neuroimaging studies at rest that have widely
involved the orbitofrontal cortex in the pathophysiology
of the OCD. However, our results do not support the idea
that OCD patients with chronic tics may constitute a bio-
logical subgroup within the OCD.

Key words Obsessive-compulsive disorder - Tic
disorder - Orbitofrontal cortex - Single photon emission
computed tomography

Introduction

A relevant increase of OCD diagnosis over the last few
years (Stoll et al. 1992) and its heterogeneous clinical pre-
sentation, have highlighted the need to define clinical sub-
types within OCD (Leckman et al. 1997). In addition to a
high lifetime history of tic symptoms in the OCD popula-
tion, epidemiological studies have also reported a high co-
morbility between OCD and tic disorders (Lenane et al.
1990; Pauls et al. 1995; Pitman et a. 1987). OCD patients
with a history of motor tics may be distinguished based
upon their clinical features, and might constitute a distinc-
tive subtype of OCD (Holzer et al. 1994; McDougle et al.
1993; Miguel et a. 1997; Zohar et a. 1997). Consistently,
treatment response data have also demonstrated that OCD
patients with a comorbid chronic tic disorder may require
a combined serotonin-uptake inhibitor plus neuroleptic
therapy (McDougle et al. 1994).

Motor tic disorders and obsessive-compulsive symp-
toms (OCS) have been described in several primarily
basal ganglia illnesses (Tourette's syndrome, Hunting-
ton’s disease, Sydenhan’s chorea, and postencephalitic
Parkinsonism), basal ganglia calcification (L6pez-Villegas
et al. 1996), and autoimmune neuropsychiatric disorders
affecting basal ganglia (Swedo et al. 1994). Disturbances
in fronto-basal ganglia circuits have been reported in both
obsessive-compulsive symptoms (Insel 1992; Laplane et
al. 1989) and tic disorders (Cummings and Frankel 1985).
Likewise, anatomical and lesion studies have pointed out



that different parts of caudate nucleus make specific con-
tributions to cognitive processes, because of their connec-
tions to specific subregions of the frontal lobe (Divac et
al. 1967; Goldman-Rakic et al. 1987). The dorsolateral
part of head and the ventromedial portion of caudate nu-
cleus are connected to the dorsolateral prefrontal and the
orbitofrontal cortex, respectively (Alexander et al. 1986;
Goldman-Rakic and Nauta 1977).

However, previous functional neuroimaging studies at
rest have led to controversial results regarding brain ac-
tivity in OCD patients. Although some of them have
shown higher metabolic rates in the head of caudate nu-
cleus and orbitofrontal cortex (Baxter et al. 1988; Swedo
et al. 1989), severa others have described a relative de-
crease in rCBF in the orbitofrontal cortex and striatum
(Edmonstone et al. 1994; Lucey et al. 1995; Martinot et
al. 1990) in OCD patients compared to healthy volunteers.
Lack of consistent results might be due to comorbid clin-
ical entities in OCD that might determine differences in
cerebral blood flow (Lopez-lbor et al. 1995).

In our previous study we demonstrated that OCD pa-
tients with major depression show a decreased cortical
and subcortical activity compared to nondepressed OCD
(Lopez-Ibor et al. 1995). Nevertheless, it remains still un-
clear whether some other comorbid clinical features in
OCD migh be associated to specific rCBF patterns and
might constitute distinctive pathophysiological entities
within the OCD spectrum.

Our main purpose is to extend the investigations of
neural mechanisms involved in the pathophysiology of
the OCD by exploring the patterns of brain activity at rest
of OCD with and without chronic motor tics, and com-
pared them to healthy volunteers. We hypothesi ze that the
presence of a motor tic disorder in OCD patients will lead
to differences in blood flow in the basal ganglia and the
orbitofrontal cortex. If this hypothesis proves to be cor-
rect, it would provide strong support for clinical and phar-
macological data suggesting that OCD patients with mo-
tor tics might constitute a meaningful subtype of OCD.

Methods
Subjects

Subjects were 16 healthy volunteers (10 males, 6 females) re-
cruited from the community and 29 patients (21 males, 8 females)
suffering from OCD (DSM-IV and ICD-10 criteria) and were eval-
uated at the San Carlos Hospital in Madrid. Healthy volunteers
were selected following a similar sex, age, and handedness distribu-
tion as the OCD patients and were screened to rule out current or
past personal history of psychiatric, neurological illness or alcohol/
substance abuse and use of any psychotropic medication using a
structured interview (SCID) (Spitzer et al. 1987). Seven out of
29 OCD patients had acomorbid simple chronic motor tic disorder.
Obsessive-compul sive symptoms rather than tics were the predomi-
nant presenting complaint. Patients were either withdrawn from all
medication for atwo-week period, a four-week period if they were
under flouxetine, prior to study (n = 16) or had never been treated
before. Diagnosis was established by a consensus of at least two
psychiatrists (BCF, BPG, JJL) involved in this study. The Yale
Global Tic Severity Scale was used to screen and to confirm the
existence of motor tics. Information gathered from next-of-kin
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confirmed the presence of chronic motor tics. The SCID was used
to confirm the diagnosis. Subjects were screened to rule out cur-
rent or past history of Gilles de la Tourette syndrome (GTS). None
of the patients met DSM-IV diagnosis criteria for GTS. Tics and
compulsions were differentiated as follows. Tics were defined as
sudden, purposeless, rapid, repetitive involuntary movements oc-
curring irregularly, whereas compulsions were defined as deliber-
ate, complex motor acts preceded by a specific thought (obses-
sion). Only patients with moderate or severe OCS, as defined by
the Clinical Global Impressions (CGI) scae, were included in the
study. Severity of OCS was measured by the Spanish version of
Y ale-Brown Obsessive Compulsive Scale (Y-BOCS) that includes
two symptom subscales (obsessive and compulsive symptom sub-
scales). Depressive symptoms were rated by 17 items version of
Hamilton Rating Scale for Depression (HRS-D) and Montgomery-
Asberg Depression Rating Scale (MADRS). Anxiety symptoms
were assessed by the Hamilton Rating Scale for Anxiety (HRS-A).
Approval was granted by the local Ethics Committee and proce-
dures were fully explained to al subjects. Written informed con-
sent was obtained before enrollment in the study.

Measurement of rCBF

Regional cerebral blood flow (rCBF) images were obtained by
SPECT using technetium-99m-labeled hexamethyl-propylenea-
mine-oxime (**Tc™-HMPAOQO) (Ceretec, Amersham International).
Because of its initial lipophilic state, *°Tc™-HMPAO rapidly
crosses the blood-brain barrier and is delivered into brain cells in
proportion to the rCBF. Once in the brain cells, it is converted to a
lipophobic state remaining stable for hours. The rCBF of 27 OCD
patients, 7 of them with a comorbid chronic tic disorder, and 16
healthy volunteers were analyzed (2 of the 29 OCD patients, who
had been clinically evaluated, refused SPECT scan). Prior to the
injection, patients stayed in a quiet and dimly lit room for at least
15 minutes. At the time of the administration of 740 Mbq (20 mci)
MTc™-HMPAO i.v., the patients were resting in a quiet room in a
supine position with their eyes closed, and remained in this posi-
tion for 10 more minutes. Motor tics were not reported during this
time.

Brain SPECT was performed using a Siemens ORBITER rotat-
ing single-head gamma camera with high-resolution collimators
and routine protocols. During a 360° rotation in 64 x 64 matrix, 60
x 20 s frames were collected and a 6 % 6 pixel size was obtained.
Reconstruction in the transverse, coronal, and sagittal planes was
performed with filtered back-projection using Shepp-Logan-Han-
ning prefilter (1.0 cycles'cm cut-off frequency), a Ramp filter, and
attenuation correction coefficient of 0.12. Total acquisition time
for each individual was 20 minutes. Seven manually-traced ROIs
were drawn. Thus, regional indices were measured in the follow-
ing ROIs: dorsolateral prefrontal cortex, orbitofrontal cortex, thal-
amus, caudate nucleus, temporal cortex, parietal cortex, and ante-
rior cingulate. All regions were represented in both hemispheres,
except for the anterior cingulate that was considered as a single bi-
lateral region. Transaxial, coronal, and sagittal slices were selected
with a neuroanatomical atlas being used for reference, in order to
encompass the different ROIs. Uptakes of radioligand in these re-
gions were calculated and expressed as within-subject ratios to the
cerebellar blood flow. The cerebellum seems not to be affected ei-
ther in OCD or in tic disorders and has not been demonstrated to
be involved in the pathophysiology of OCD. No attempt was made
to directly compare countsin ROIs. Three transaxial slices parallel
to the orbito-meatal line were selected. The cerebellum was ana-
lyzed as a unique region at the level where inferior pole of tempo-
ral lobe was seen. The head of caudate nuclei was drawn in the
second transaxial slice from the bottom in which the caudate head
was seen. The transaxial slice immediately above the superior-most
edge of the thalamus showed the anterior cingulate, the dorsolat-
eral prefrontal, and the parietal cortex. Two coronal slices were se-
lected: first, the orbitofrontal cortex wasidentified in the first coro-
nal slice rostral to the anterior horns of the lateral ventricles; sec-
ond, the temporal cortex was traced in the slice containing the
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largest size of the temporal lobe (including superior, middle, and
inferior temporal gyri). Bilaterally, the most medial sagittal images
were selected to assess the rCBF in the thalamus. The rCBF was
automatically calculated blind to clinical status and diagnosis.

Statistical analysis

Group means of rCBF ratios were compared in OCD with tics,
OCD without tics, and the control subjects for ROIs selected, us-
ing analysis of variance (ANOVA). Corrections for multiple com-
parisons were made by Bonferroni’s test. The rCBF ratios were
calculated by comparing uptake in the region under evaluation
with uptake in the cerebellar area. Cerebellar rCBF did not show
statistically significant differences between groups. Differences in
rCBF ratios between groups were evaluated for each particular
ROI. Results were presented as a mean (SD) and were reported as
significant when P < 0.05 (two tailed).

Results
Clinical results

OCD patients with a comorbid tic disorder had statisti-
cally significant lower scores on the globa Y-BOCS and
on the subscale of obsessions (Table 1). OCD patients
with a comorbid chronic tic disorder, compared to OCD
patients without tics, did not differ in terms of sociodemo-
graphic features, depression, and anxiety rating scores.

Semiquantitative analysis

The comparison of the OCD patients without chronic tic
disorder and the healthy volunteer groups revealed arela-
tive decrease in rCBF in the right OFC in the OCD group
(OCD without tics: mean = 0.87 (0.08); Healthy volun-

Tablel Clinical and demo-

graphic characteristics of OCD Variable OhCD without OCD with Healthy P
patients and healthy volunteers chronic motor chronic motor vol _unteers
tics tics (n=16)
(n=21) (n=298) Mean (SD)/
Mean (SD)/ Mean (SD)/ Proportion
Proportion Proportion
Age (years) 32 (9 26 (6) 28 (5) ns
Sex (M/F) 14/7 711 10/6 ns
Smokers (+/-) 417 u7 6/10 ns
_ Handedness (R/L) 19/2 8/0 15/1 ns
o ol ™ Y-BOCS (Total score) 26 (5) 20 (7) - <005
HRS.D = Hamilton Rating’; Obsession Subscale 13 (3) 10 (3) - <0.05
Scale for Depression: Compulsion Subscale 12 (4) 9 (5 - ns
MADRS = Montgomery-As- HRS-D 14 (8) 11 (6) - ns
berg Depression Rating Scale; MADRS 15 (12) 12 (8) - ns
HRS-A = Hamilton Reting HRS-A 10 (6) 7 (4) _ ns
Scale for Anxiety
-tl)—l?)%ldff?ovs ?a%lrogl [ r?eéeglg)alpa- OCD without OCD with Controls
tients without and with a motor ((:hror;(():)Tlcs E:hror;)c Tics g; = 1((5)SD)
Pe(:ar (2sorder and healthy volun- Regions Mean (SD) Mean (SD)
Caudate nucleus
Left 0.91 (0.06) 0.94 (0.06) 0.96 (0.07)
Right 0.92 (0.07) 0.96 (0.02) 0.96 (0.08)
Orbitofrontal cortex
Left 0.87 (0.06) 0.92 (0.04) 0.91 (0.06)
Right 0.87 (0.08)* 0.89 (0.07) 0.94 (0.06)
Dorsolat. prefrontal cortex
L eft 0.85 (0.05) 0.89 (0.08) 0.86 (0.05)
Right 0.87 (0.05) 0.87 (0.07) 0.88 (0.06)
Ant. cingulate 0.85 (0.07) 0.87 (0.05) 0.89 (0.07)
Thalamus
Left 0.95 (0.06) 0.94 (0.07) 1.01 (0.06)
Right 0.94 (0.08) 0.95 (0.07) 0.99 (0.07)
Temporal cortex
Left 0.87 (0.06) 0.87 (0.07) 0.86 (0.06)
Right 0.88 (0.07) 0.92 (0.07) 0.90 (0.06)
. Parietal cortex
Note. Regions rCBF were nor- Left 0.85 (0.07) 0.86 (0.05) 0.84 (0.05)
malized by cerebellum rCBF Right 0.86 (0.05) 0.90 (0.07) 0.86 (0.04)

* P < 0.05, Bonferroni’s test




teers: mean = 0.94 (0.06); P = 0.02) (Table 2). No differ-
ences in flow were found when OCD patients with and
without chronic motor tics were compared.

Discussion

The present study has shown that unmedicated OCD pa-
tients without a concomitant chronic tic disorder show a
relative decrease in flow in the right OFC compared to
healthy volunteers, at rest. Conversely to our hypothesis,
no differences in rCBF between OCD patients with and
without tics were found. However, the clinical evaluation
demonstrated that OCD patients with chronic tics had a
lower severity of OCS, particularly on the obsessive
symptom subscale. Our results provide additional support
to the idea that the OFC plays a key role in neural mecha-
nisms underlying the pathophysiology of the OCD. Like-
wise, they are also consistent with previous studies that
have reported clinical differences between adolescent
OCD patients with and without tics (Zohar et al. 1997).

Neuroimaging studies at rest, during exposure to trig-
gering stimuli, or exploring the effects of pharmacol ogical
and behaviora therapy have consistently implicated the
OFC in the neural mechanisms underlying the pathophys-
iology of the OCD (for review see Zald and Kim 1996).
The OFC is a large cytoarchitectonic heterogeneous re-
gion of the ventral prefrontal cortex (Carmichael and
Price 1994; Hof et al. 1995). It is considered to be a com-
ponent of the paralimbic cortical “belt” and isinvolved in
higher order association functions, including the integra-
tion of emotion, mnemonic functions, and sensory pro-
cesses (Morecraft et al. 1992; Rolls et a. 1996). Addi-
tionally, it has been demonstrated that the OFC is in-
volved in inhibitory control of cognitive processes (Dias
et al. 1997; Fuster 1989; Passingham 1972). Interestingly,
abasic disturbance of neurobehavioral responseinhibition
has been described in OCD patients (Rosenberg et al.
1997; Tien et al. 1992).

Animal and lesion studies have widely described con-
nections between the caudate nucleus and the prefrontal
cortex (Caplan et al. 1990; Goldman-Rakic 1987). The
projections contribute to a pair of segregated loops con-
necting the OFC, striatum, globus pallidus, and thalamus
(Alexander et al. 1986). Different regions in the OFC pro-
ject toward specific parts of caudate nucleus. Thus, lateral
orbitofrontal cortex is connected to the ventromedial strip
of the caudate nucleus, whereas the medial orbitofrontal
cortex provides projections to the extreme edge of the
ventral caudate (Nauta 1979). It has been postulated that
the comorbidity of tic disordersin OCD could represent a
different biological entity depending on the neuroanatom-
ical location of the pathology within the basal ganglia
(Baxter et al. 1988; Baxter 1990a). Based on positron
emission tomographic (PET) studies, Baxter and col-
leagues have hypothesized that both OCD and chronic tic
disorders (including GTS) are expressions of abnormalities
within the basal ganglia (Baxter et al. 1990b). Contrarily
to this hypothesis, our results have failed to show any sig-
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nificant difference in flow between OCD with and with-
out tics. Nevertheless, two limiting factors of our study
should be considered. First, the resolution of SPECT
scans does not allow us to discriminate between specific
subregions of the caudate nucleus and, second, the small
sample size.

Previous functional neuroimaging studies have consist-
ently shown specific differences in brain activity in both
orbitofrontal cortex and basal gangliain OCD patients at
rest. However, the results of these studies have been in-
conclusive. Some studies have shown arelative decreased
flow in the OFC (Edmonstone et a. 1994; Lucey et al.
1995; Martinot et al. 1990), and in contrast several others
have reported either a relative increase or no differences
in cerebral metabolic rates or blood flow in the OFC in
OCD patients, at rest (Baxter et al. 1988; Machlin et al.
1991; Modell et al. 1989; Nordahl et a. 1989; Rauch et al.
1994; Rubin et a. 1992; Swedo et al. 1989). Regional
brain activity in OCD patients depends on levels of obses-
sionality and anxiety (Lucey et a. 1995). Since only the
group of OCD patients without motor tics shows differ-
ences in the pattern of brain activity at rest compared to
healthy volunteers, it is conceivable to argue that the pres-
ence of motor tic might be considered a relevant factor to
determine rCBF characteristics of OCD patients.

Structural neuroimaging studies have led to a similar
controversy regarding structural abnormalities in OCD
across studies. Some studies have shown a significantly
reduced volume of the prefrontal cortex, caudate or white-
matter (Jenike et al. 1996; Luxenberg et al. 1988; Robin-
son et al. 1995), whereas other studies have not found
such abnormalities (Aylward et al. 1996; Kellner et al.
1991). Magnetic resonance spectroscopy studies have also
provided evidence for neuronal lossin the corpus striatum
in OCD patients (Bartha et al. 1998; Ebert et al. 1997).
Overall, data from clinical, neuropharmacological, neu-
ropsychological, psychosurgical investigations converge
to the idea of a dysfunctional prefrontal cortico-striato-
thalamic brain systemin OCD (Insel 1992; Schwartz et a.
1996; Trivedi 1996).

In summary, the results of our study support the idea
that the OCD is a heterogeneous illness in which different
pathophysiological mechanisms, involving a cortico-stri-
ato-thalamo-cortical loop, are implicated. However,
whether there is an increase or a decrease in brain activity
in the different nodes of this loop still remains unclear.
The comorbility of depression, tic disorder, and the char-
acteristics of the obsessive symptoms may determine dif-
ferences in the pattern of brain activity in OCD patients.
Based on these findings, it is conceivable to speculate the
inconsistency of results could be understood in the con-
text of shifts in the rCBF of this common disturbed cir-
cuitry dueto different clinical features of the sample. Fur-
ther investigations are needed to explore the normal func-
tional connectivity between these brain regions in patients
suffering from OCD.
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