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Neurohemodynamic Correlates of Washing
Symptoms in Obsessive-compulsive Disorder: A Pilot
fMRI Study Using Symptom Provocation Paradigm
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BSTRACT

the absence of confounding factors in the current study and may be due to production of intense anxiety in patients.
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Background: Obsessive-compulsive disorder (OCD) is increasingly being viewed as a multidimensional heterogeneous
disorder caused due to the dysfunction of several closely related, overlapping frontostriatal circuits. A study investigating
the dimensional construct in treatment naive, co-morbidity free patients with identical handedness is likely to provide
the necessary homogeneity and power to elicit neural correlates of the various symptom dimensions, and overcome the
limitations of previous studies. Materials and Methods: Nine DSM-IV OCD patients with predominant contamination-related
obsessive-compulsive symptoms (age=29.8%7.1 years; five males: four females; years-of-education=13.9+1.6, YBOCS total
score=28.8+4.7, DYBOCS Contamination dimension score=10.7+1.8) and nine healthy controls matched one to one with
the patients for age, sex, and years of education (age=27.8+5.4, five males: four females; years-of-education=14.913.0),
were examined during symptom provocation task performance in 3TMRI. Paired samples t test of brain activation
differences (contamination relevant pictures — neutral pictures), limited to apriori regions of interest was done using
SPM8 (uncorrected P<0.005). Results: Patients found significantly more pictures to be anxiety provoking in comparison
to healthy controls. Patients were found to have deficient activation in the following areas in comparison with healthy
controls: bilateral anterior prefrontal, dorsolateral prefrontal, orbitofrontal, anterior cingulate, insular and parietal
cortices, precuneus, and caudate. Conclusions: Results underscore the importance of frontal, striatal, parietal, and
occipital areas in the pathophysiology of OCD. Divergence of findings from previous studies might be attributed to
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Obsessive-compulsive disorder (OCD), seen in 2-3%
of the general population;!! it is chronic and highly
disabling condition characterized by the presence of
obsessions in the form of intrusive and distressing
thoughts, ideas, or images, and by the urge to
perform repetitive or ritualistic behaviors known as
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compulsions.l? OCD affects the personal, family, and
occupational functioning of the individual and has
severe impact on the family and is associated with poor
quality of life.l®!

Studies exploring the neurobiology of OCD have
consistently implicated the orbitofrontal cortex (OFC),
the anterior cingulated cortex (ACC) and the basal
ganglia.l¥) This has led to the formulation of the
traditional frontostriatal model for explaining the
neural basis of this disorder.") Other areas that are
often implicated in the pathophysiology of this disorder
include the dorsolateral prefrontal cortex (DLPFC),
components of the limbic system and thalamus.
Lately, much importance has also been attached to
the presence of parieto-cerebellar dysfunction,!
and the neuroanatomical model has subsequently
been expanded to include areas such as the parietal
cortex, cerebellum, and several elements of the limbic
circuitry.*>! Thus, the current understanding of this
disorder posits the presence of a network level defect
in the ventral frontostriatal circuits and the dorsal
circuits involving the DLPFC, dorsal striatum, and the
parieto-cerebellar regions.!

In the last few years, the dimensional concept of OCD
has aroused much interest.!®) This perspective views
OCD as a heterogeneous disorder caused due to the
dysfunction of several closely related, overlapping
fronto-striatal circuits. The phenomenology of OCD
is thus broken down into separate dimensions,
namely (1) aggressive obsessions, pathological doubts
and related compulsions; (2) sexual and religious
obsessions and related compulsions; (3) symmetry,
ordering, counting, and arranging obsessions and
compulsions; (4) contamination obsessions and
cleaning compulsions; and (5) hoarding and collecting
obsessions and compulsions. Research along this
model has provided new insights; different symptom
dimensions in OCD have been shown to have distinct
neural correlates. A standardized tool — the Maudsley
obsessive-compulsive stimuli set (MOCSS)- has been
developed to provoke symptoms in patients with
different dimensions of OCD.!"! Lately, the technique
of virtual reality has been successfully used to provoke
symptoms in OCD patients.®!

Patients with OCD have characteristic bouts of
symptoms precipitated by specific environmental
or internal cues, outside of which, they are, usually,
apparently normal. Hence, experimental protocols that
rely on the symptom provocation paradigm, where the
neural activity is studied during the artificial induction
of the symptomatic state, seem to be more relevant
to elicit neural patterns of activations related to the
emergence of obsessive-compulsive symptoms than
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paradigms based on measuring functional activity
during a “resting state.”’’ Functional imaging studies
using the symptom provocation design have contributed
significantly to the understanding of the underlying
neurobiology of this complex disorder, pointing out
the involvement of the fronto-striato-thalamo-parietal
network in symptom generation.!'"'8] However, there
are inconsistent results, possibly due to heterogeneity
of disease phenotype in OCD; most neuroimaging
studies of OCD have grouped together patients with
mixed symptoms thus potentially reducing their power
and obscuring their findings.!'”! Another issue of
some import for a symptom provocation study is the
cultural acceptability of the stimuli used. Even though
the symptom dimensions and the nature of the motor
acts is strikingly similar across populations,!**2!l the
content of obsessions is an important exception, and
is significantly influenced by the ethnic and cultural
background.?*! Since symptom provocation paradigms
focus on the generation of anxiety by simulating the
content of the subject’s obsessions, it is important that
the tool conform to the cultural norms of the population
under study.

Research in understanding the neurobiology of different
dimensions is still preliminary. A few studies that
examined the neural correlates of dimensional model
have suffered methodological limitations. One major
confounding factor was that these studies included
subjects who were on psychotropic medications during
or till a few weeks before the scanning procedure,!”-'*-2324
which can potentially alter the findings,! especially in
a symptom provocation paradigm. The presence of
co-morbid axis I disorders, notably depression and
other anxiety disorders was not excluded either. This
limits the conclusions that can be drawn from the
data collected. To the best of our knowledge, till date,
no published fMRI study has used the dimensional
approach to examine brain activation in a symptom
provocation paradigm in treatment naive, co-morbidity
free OCD patients.

Therefore, a study investigating the dimensional
construct in treatment naive, co-morbidity free
patients is needed. It is likely to provide the necessary
homogeneity and power to elicit neural correlates of
the various symptom dimensions in OCD. Further,
use of a standardized symptom provocation tool — the
MOCSS - adapted to suit the Indian context will lead
to valid provocation of symptoms. In this study, we aim
to study the neural correlates of symptom provocation
in drug naive or drug free patients with contamination
dimension of OCD. Based on the earlier studies, we
hypothesize that the neural activation in patients
will be significantly different compared to controls in
the anterior prefrontal cortex (aPFC), orbitofrontal
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cortex (OFC), dorsolateral prefrontal cortex (DLPFC),
anterior cingulate cortex (ACC), insula, parietal cortex,
precuneus, thalamus, and basal ganglia.l>*!"]

MATERIALS AND METHODS

Subjects

Nine patients fulfilling the criteria for diagnosis of OCD
with according to DSM IV TR with duration of illness
longer than six months were recruited from among the
patients attending OCD-clinic and adult psychiatry
services of National Institute of Mental Health And
Neurosciences (NIMHANS), Bangalore. The patients
had to be right handed and either drug naive or drug
free for a minimum of six months for consideration for
inclusion in the study. Five of the patients were drug
naive while four were drug free. All subjects identified
contamination-related obsessions and associated
compulsions are a prominent part of their illness. Nine
healthy controls, matched one to one for age, sex, and
years of education with the patients (P>0.05) were
recruited by word of mouth. Exclusion criteria were:
Mild OCD symptoms (yale-brown obsessive-compulsive
scale (YBOCS) <16),[*2% history of head injury
or independent neurological illness or history of
hereditary neurological illness, presence of co-morbid
Axis-I disorder as assessed by Mini international
neuropsychiatric interview-M.I.N.I. Plus,*"] score
of more than eight on Hamilton depression rating
scale —HDRS,?8! or more than 13 on Hamilton
Rating Scale for Anxiety — HARS,??! clinically
significant hoarding (Score>14 in Hoarding rating
scale-Interview),**) MMSE score <24, pregnant or
lactating, any contraindication for undergoing an
Magnetic Resonance Imaging (MRI) procedure.

The patients’ mean illness duration was 6.9 years (SD,
7.2 years; range, 1-20 years). The OCD severity was
moderate to severe (YBOCS total: Mean, 28.8; SD, 4.7;
obsessions: Mean, 14.2; SD, 2.6; compulsions: Mean,
14.6; SD, 2.3). Dimensional YBOCS was applied for all
subjects.l*!) The mean total score in the contamination
dimension for the subjects was 10.7 (SD, 1.8). The
protocol was approved by the Ethics Committee of the
NIMHANS, Bangalore, India and all participants were
recruited after obtaining written informed consent.

Measures

Severity and types of OCD symptoms were assessed
with the yale-brown obsessive-compulsive scale and the
symptom checklist.*>**! The symptom dimension scores
were obtained with the dimensional YBOCS (three
items for each dimension, score range 3-15).5" The
presenting author and another author (UB) rated five
OCD subjects in turn, with simultaneous symptom
rating for inter-rater reliability (IRR). The IRR for
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YBOCS scale scores as well as dimensional YBOCS
scores was found to be excellent as ascertained by intra
class correlation coefficient >0.8.

Stimuli

Pictures depicting contamination/washing, aggressive/
doubts/checking, and symmetry were chosen from
the MOCSS. MOCCS is a stimulus set containing
300 pictures in all, 50 each in contamination, checking,
symmetry, and hoarding dimensions, 50 general
aversive and 50 neutral pictures. The neutral and
general aversive pictures have been selected from the
International Affective Picture System (IAPS),!!
while the OCD relevant stimuli has been chosen from
a larger pool of pictures depicting common OCD
triggers by experienced clinicians. The stimulus set
has demonstrated good validity and has been shown
to reliably provoke symptoms in patients with OCD.!"]
Thirty pictures were chosen for each dimension in
the current study. Three clinicians with experience in
OCD were shown the pictures to ensure cross cultural
validation of images. In case an image was perceived as
culturally inappropriate, it was selected for replacement
with a similar picture from Indian background to
increase cultural validity. For example, the image of a
western toilet was replaced with an Indian one. Likewise
the picture of a device meant to assist pedestrians with
crossing the road was replaced with the picture of an
elevator call button since the former is not commonly
seen in India. A total of 37 images were selected in this
way. Before the change was made, all the pictures and
their proposed replacements were shown to an unrelated
group of 18 patients and five healthy controls. Out of
the 37 proposed replacements, 21 were found to be
more culturally appropriate and evoked equivalent or
more anxiety than those in the original set. These 21
pictures were replaced with their Indianized version.
Further, all replacements were done in consultation
with the developers of the original instrument.
Fourteen pictures in the contamination dimension, five
pictures in the checking dimension and two pictures
in the symmetry dimension from the original set were
changed. Thirty color pictures of scenes rated as aversive
or disgusting by normal subjects (e.g., insects, mutilated
bodies, and decaying food) and 120 pictures of neutral
scenes (e.g., furniture, nature scenes, and household
items) were selected from IAPS.32) These stimuli were
carefully chosen to avoid resembling common triggers
of OCD symptoms. While many of these pictures
formed a part of MOCCS, new pictures were added
to avoid repetition of any image during the course of
the paradigm. Similar principles as used during the
design of the MOCSS were implemented during the
broadening of the stimuli set. All new images taken
from the IAPS were group matched for various measures
of visual and affective content of the pictures such as

69



Agarwal, et al.: Symptom provocation in OCD (washers) - An fMRI study

dominance, arousal, and complexity with the pictures
in the original set.

Symptom provocation paradigm

All subjects participated in a 91/2 min task involving the
presentation of pictures by means of a display monitor
viewed through a reflecting mirror mounted on the head
coil while undergoing MRI. Subjects viewed fortyl2 s
alternating blocks of emotional (washing, checking, or
symmetry related or normally aversive) and neutral
pictures. The paradigm had four equal “parts”: Washing
relevant, checking relevant, symmetry relevant, and
general aversive. The order in which these parts were
conducted was fully counterbalanced, except that the
general aversive part was always conducted last and all
scans started with the neutral block first. The entire
paradigm consisted of 240 pictures — all unique with
no repetition of any stimulus. In each part, a total of
30 emotional pictures (depending on the part) in five
blocks of six pictures each and 30 neutral pictures (in
tive blocks of six pictures each) were shown to subjects.
Pictures were shown on the screen for 2 s each. Within
this time, subjects had to indicate by means of button
presses whether they felt anxious after seeing the picture
or not. The beginning of each block of pictures was
preceded by relevant instruction slide [Figure 1].

Subjects underwent a 5 min training procedure
prior to the scan where they were familiarized with
the instructions and the task. The pictures used for
training were different from what were shown in the
scanner. The following instructions were presented
to the subjects. They have been modified from the
MOCCS instructions to suit local needs. “Imagine
that you have to touch what’s shown in the following

Figure 1: Schematic depiction of the symptom provocation paradigm.
N=neutral block; W=washing/contamination relevant block; C=checking
relevant block; S=symmetry relevant block; A=general aversive block.
The schematic is for representational purposes only. All parts were
of equal duration. Each block consisted of six pictures displayed for
2 s each
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pictures and you are unable to wash your hands after
that” (washing); imagine that you are not sure whether
you switched off or locked the following objects and it
is impossible for you to go back and check” (checking);
imagine that somebody has messed up your things
and you are unable to rearrange them”(symmetry/
order); “imagine that you must touch or stand by
the following objects” (aversive); “imagine that you
are completely relaxed while looking at the following
scenes” (neutral). Subjects received the instructions
in full during the training phase. During the MRI, the
gist of the instruction was presented in brief before the
beginning of each block.

Image acquisition

Functional MRI (fMRI) scans were obtained with a
Seimens Skyra scanner using a 32 channel coil. Three
scans were rejected before the task began. The scan
parameters are as follows: TR=2000 ms; TE=30 ms; flip
angle=78; slice thickness=3 mm; slice order: Descending;
slice number=37; gap=25%; matrix=64*64*64 mm 3,
FOV=192*192, voxel=3.0 mm isotropic). A total of 240
scans were obtained during the paradigm, one for each
picture. Hence, each part of the paradigm consisted of
30 emotionally relevant scans and 30 neutral scans.
This paper describes results only for the contamination/
washing relevant part.

Data analysis

Deoxyhemoglobinis paramagnetic, while it becomes
diamagnetic when oxygenated. Hence, the magnetic
signal of blood changes depending the relative
concentration of oxy and Deoxyhemoglobin. This signal
difference is detected during functional MRI as the
blood oxygenation level-dependent (BOLD) contrast.
The scan data were assessed using SPM8. SPM combines
the General Linear Model and Gaussian field theory
to draw statistical inferences from BOLD response
data regarding deviations from the null hypothesis
in three-dimensional brain space. Images were
realigned, spatially normalized, and smoothed followed
by first-level design specification and estimation
where brain activation differences (Contamination/
Washing - Neutral) were generated for each subject.
Group level random effect analysis using a paired
samples t-test was performed to examine for differences
in BOLD response between patients and healthy
controls. Inclusion masks comprising bilateral anterior
prefrontal cortex (aPFC), orbitofrontal cortex (OFC),
dorsolateral prefrontal cortex (DLPFC), anterior
cingulate cortex (ACC), insula, parietal cortex,
precuneus, thalamus, and basal ganglia were used for all
analysis based on the a priori regions of interest. These
masks were created using an automated software.?!
The coordinates of significant areas of activation were
transformed from MNI space into the stereotactic
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space of Talairach and Tournoux,***! using nonlinear
transform.*®) With the help of automated software,
brain regions were localized from the Talairach and
Tournoux coordinates.*”! Activations surviving
uncorrected P<0.005 were reported.

RESULTS

Demographic details

The patients were 29.8+7.2 years of age, four female,
tive male. Age of onset of illness was 22.9+7.0 years.
They had studied for 13.9£1.6 years. The controls were
27.8+5.4, years of age, four female, five male, and had
studied for 14.9£3.0 years. Subject-specific matching
with subsequent paired-samples t-test did not show
any significant difference (P>0.05). The sex ratio was
similar in both groups (i.e., 5:4).

Behavioral data

The “anxiety” and “no anxiety” responses provided by
subjects to the contamination related pictures during
the symptom provocation paradigm were tabulated.
Each subject was shown 30 contamination related
pictures. Among OCD patients (nine in all), a total
of 202 “anxiety” responses were obtained while 68
responses were “no anxiety”. In healthy controls, 165
“anxiety” and 105 “no anxiety” responses were obtained.
A Chi-square analysis revealed the difference between
the two groups to be statistically significant (P=0.001).

Image analysis

Patients were found to have deficient activation in the
following areas in comparison with healthy controls:
Bilateral aPFC, bilateral DLPFC, bilateral OFC,
bilateral ACC, bilateral insular cortex, bilateral parietal
cortex, bilateral precuneus, and bilateral caudate
[Table 1 and Figure 2].

DISCUSSION

To the best of our knowledge, this is the first research
report to evaluate medication-naive or long-term

medication-free OCD patients without any other
Axis I co-morbidity using a multidimensional symptom
provocation paradigm. They were assessed using
standard tools and the dimensional nature of their
pathology quantified using the D-YBOCS. The
symptom provocation paradigm was modified from
a standardized stimuli set and it was adapted to suit
local needs better in a scientifically informed manner
by taking into account the opinion of three experienced
clinicians and 23 pilot subjects independent of the main
study sample. These methodological strengths add to
uniqueness of this study in examining OCD patients
without the potential confounds of medications
and co-morbidity; however, the inherent difficulties
in recruiting such patients (i.e., medication-naive/
free and co-morbidity free) has resulted in relatively
smaller sample. Though this might be construed as
a potential limitation, it has to be noted that this
is among the largest study sample that has reported

Table 1: Brain regions showing deficient activation in
patients as compared to controls

Region Brodmann Talairachand 7 value*
area tournoux
co-ordinates
X Y Z
Left anterior prefrontal cortex 10 -32 40 20 373
Right anterior prefrontal cortex 10 38 39 11 3.69
Left dorsolateral prefrontal cortex 9 -10 27 30 4.69
Right dorsolateral prefrontal cortex 9 20 36 20 3.83
Left orbitofrontal cortex 47 -30 19 -6 5.04
Right orbitofrontal cortex 47 32 16 -1 470
Right anterior cingulate cortex 24 16 32 15 4.67
Left anterior cingulate cortex 24 -16 34 17 4.62
Left insular cortex 13 -38 —-15 10 6.19
Right insular cortex 13 34 12 -1 519
Left parietal cortex 40 —62 —37 35 548
Right parietal cortex 40 51 =32 26 3.76
Left precuneus/cuneus 18 -22 —67 18 5.86
Right precuneus 31 22 —-69 20 4.01
Left caudate - -16 -8 24 490
Right caudate - 16 -9 21 3.75

*values are significant at P<0.005 for all the above areas

Figure 2: Deficient activation in brain areas in patients in comparison to controls. Brain images showing deficient activations in (a) bilateral anterior
cingulate cortex; (b) bilateral parietal cortex; and (c) bilateral insula in patients in comparison to healthy controls. Images have been obtained
using masks for the respective brain regions (uncorrected P<0.005). The colored bars are representative of t scores mentioned in Table 1
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fMRI observations in medication-naive/free adult OCD
subjects.

Our results demonstrate deactivation in several of the
areas implicated in the pathophysiology of OCD that is
broadly not in keeping with the published literature till
date. The symptom provocation literature focusing on
different dimensions in OCD is quite scanty. The only
functional imaging study in adults using a dimensional
approach, where washing/contamination dimension
was looked at,!"” found that patients showed increased
activation in OFC, ACC, DLPFC, and caudate among
other brain regions in comparison to healthy controls.
In this study, patients showed decreased activation in
ventrolateral prefrontal cortex, lingual gyrus, and middle
occipital gyrus. The only other fMRI study investigating
the provocation of contamination/washing symptoms
has been done on children.?¥ This study reports
decreased activation in right insula, putamen, thalamus,
DLPFC, and left OFC in patients when compared to
controls during viewing of contamination relevant
stimuli, which is in line with our findings. Another
study that evaluated adult washers with perfusion
weighted imaging also reported hyperactivation in
the frontostriatal areas, but this study did not include
a control group.*) Other studies in the recent past
have reported increased activation in various OCD
relevant brain areas but have not evaluated the washing/
contamination dimension.!'41>18381 Hence, most studies
have looked at a composite group of patients without
consideration of dimensions involved. In cases where
dimensional approach has been used, medication and
co-morbidity effects confound findings. In this study,
a homogenous, albeit small, group of co-morbidity
and drug naive/free patients have been studied. These
reasons might explain why our findings appear to be not
in line with most of the symptom provocation literature.

Possible mechanism behind reduced brain activation
An attempt to understand deactivation of brain
regions during provocation of anxiety leads one to
other anxiety disorders. Intense anxiety, especially,
in cases where the subject has not been pre-exposed
to the anxiety provoking cues, has been reported to
cause hypoactivation of the cingulate cortex.*?) It is
hypothesized to reflect defective top-down emotional
regulation leading to an intense anxiety state. Moreover,
production of intense anxiety has been shown to
decrease cerebral blood flow in several OCD-relevant
areas like the orbitofrontal and insular cortex.!*04!
Since, the patients taken for the study had significant
contamination related symptoms and the stimuli were
novel for the patients while also being washing relevant,
it might have elicited very strong anxiety reactions
resulting in the hypoactivation of several brain regions.
That patients reported significantly more pictures as
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anxiety provoking in comparison to healthy controls
lends weight to this line of argument.

OCD as a disorder of neural circuitry

The current neurobiological understanding of OCD
largely implicates the frontostriatal circuitry and
dysfunction in its interconnections in the causation of
the symptoms.**42! Persuasive arguments have been
put forward concerning the role of the orbitofrontal
cortex — chiefly its lateral division — in symptom
generation.!*3 However, recent studies have expanded
our understanding of this debilitating disorder beyond
the traditional frontostriatal model and have put forth
a network level dysfunction involving several other
brain areas such as the parietal cortex, cerebellum,
DLPFC, insula, precuneus among others.l*>?1 The
larger network model proposes a dysfunctional
interaction between the ventral circuit comprising
the OFC (mostly posterior), ACC, ventral striatum,
and limbic areas including the hippocampus and
the dorsal circuit that comprises of the lateral and
anterior OFC, DLPFC, dorsal striatum with probable
interaction with the parietal cortex and cerebellum.*
The ventral circuit is emotionally responsive while
the dorsal responds to executive demands and has
been hypothesized to underlie cognitive deficits seen
in OCD. Our results also highlight the importance of
these areas and appear to be in line with this larger
conceptualization of this disorder.

To summarize, we have reported novel findings during
symptom provocation in drug naive/drug comorbidity
free washers in comparison to healthy controls. We
found group differences in brain areas previously
known to be implicated in OCD, but these differences
were in the opposite direction of published findings
in adult OCD patients. This discrepancy could be due
to confounding factors of heterogeneity, comorbidity,
and psychotropic medication in the previous reports.
Our results implicate frontal, striatal, parietal, and
occipital regions and underscore their importance
in the pathophysiology of this illness. These results
need replication in a larger and more diverse sample
of patients.
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