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Background: Sensory phenomena (SP) are uncomfortable feelings, including bodily sensations, sense of inner tension, “just-right” per-
ceptions, feelings of incompleteness, or “urge-only” phenomena, which have been described to precede, trigger or accompany repetitive
behaviours in individuals with obsessive—compulsive disorder (OCD). Sensory phenomena are also observed in individuals with tic disor-
ders, and previous research suggests that sensorimotor cortex abnormalities underpin the presence of SP in such patients. However, to
our knowledge, no studies have assessed the neural correlates of SP in patients with OCD. Methods: We assessed the presence of SP
using the University of Sao Paulo Sensory Phenomena Scale in patients with OCD and healthy controls from specialized units in Sao
Paulo, Brazil, and Barcelona, Spain. All participants underwent a structural magnetic resonance examination, and brain images were
examined using DARTEL voxel-based morphometry. We evaluated grey matter volume differences between patients with and without
SP and healthy controls within the sensorimotor and premotor cortices. Results: We included 106 patients with OCD and 87 controls in
our study. Patients with SP (67% of the sample) showed grey matter volume increases in the left sensorimotor cortex in comparison to
patients without SP and bilateral sensorimotor cortex grey matter volume increases in comparison to controls. No differences were ob-
served between patients without SP and controls. Limitations: Most patients were medicated. Participant recruitment and image acqui-
sition were performed in 2 different centres. Conclusion: We have identified a structural correlate of SP in patients with OCD involving
grey matter volume increases within the sensorimotor cortex; this finding is in agreement with those of tic disorder studies showing that

abnormal activity and volume increases within this region are associated with the urges preceding tic onset.

Introduction

Intrusive thoughts (obsessions) and ritualized behaviours (com-
pulsions) are the prototypical symptoms of obsessive—
compulsive disorder (OCD). The classical depiction of the disor-
der describes obsessions as an anxiety-inducing symptom and
compulsions as the behavioural response aimed at regulating or
relieving the heightened anxiety levels. Nevertheless, compul-
sions are not always preceded by obsessions. Instead, they can
be preceded, triggered or simply accompanied by uncomfort-
able feelings, such as physical sensations, “just-right” percep-
tions, feelings of incompleteness, or “urge-only” phenomena,

globally referred to as sensory phenomena (SP).'** Importantly,
the presence of SP is frequently reported, with prevalence esti-
mates ranging from 65% to 72% of patients with OCD.>®

In previous studies, the presence and severity of SP in pa-
tients with OCD have been related to specific clinical features,
such as the presence of symmetry/ordering symptoms,®” early
onset of the disorder,’ low insight” and comorbidity with tics
and Tourette syndrome.>*%1° It is within tic disorders where,
hitherto, the neural correlates of SP have been most often inves-
tigated. Thus, different studies have described the role of so-
matosensory and motor cortices in the process of tic generation.
Wang and colleagues,' for instance, compared a group of
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patients with Tourette syndrome with a control group in-
structed to mimic tic behaviours at a self-paced rate and de-
scribed a stronger activation in the somatosensory cortex pre-
ceding spontaneous tics that modulated primary motor cortex
activity. Other studies of patients with Tourette syndrome have
also described greater activity in premotor and supplementary
motor areas (SMA) before tic onset'" or a broader profile of
cross-correlation between SMA and motor cortex activity pre-
ceding tic execution, suggesting an abnormally elevated level of
activity in the SMA." Likewise, using structural MRI, Draganski
and colleagues® found a positive correlation between regional
volumes within the somatosensory cortex and the intensity of
premonitory sensations in patients with Tourette syndrome.

It seems, therefore, that somatosensory and motor—premotor
regions are associated with the urges preceding tic onset in pa-
tients with Tourette syndrome. Nevertheless, to our know-
ledge, no previous studies have assessed the association be-
tween SP and sensorimotor cortex abnormalities in patients
with OCD. In the present study we investigated the presence
of SP in patients with OCD and quantified their severity by
means of the University of Sao Paulo Sensory Phenomena
Scale (USP-SPS).* We aimed to compare structural brain abnor-
malities between patients with OCD with and without SP and
the association between SP scores and the voxel-wise grey
matter measurements from the sensorimotor cortex. Regional
grey matter measurements provide a relatively stable marker
of brain abnormality, thus allowing the identification of struc-
tural correlates of OCD'*" or specific clinical features.>

We analyzed structural MRI data from 2 independent re-
search centres located in Sdo Paulo, Brazil, and Barcelona, Spain.
Specifically, we compared regional grey matter volumes be-
tween patients with and without SP as well as between each
OCD group and a control group comparable in age and sex.
Likewise, to fully characterize the association between SP and
brain anatomy, we also expored correlations between the sever-
ity of SP and regional grey matter volumes. We centred our
analyses on a broad cortical area encompassing sensorimotor
and premotor cortices of both hemispheres. On the grounds of
previous findings in tic disorder samples, we hypothesized that
patients with OCD with SP would present regional grey matter
volume increases in comparison to patients without SP and
healthy controls. Similarly, we also predicted that regional grey
matter volume within this area would correlate with the inten-
sity of SP, as assessed with the USP-SPS.

Methods
Participants

We recruited patients with OCD and healthy controls from 2
specialized OCD research units: the OCD Spectrum Disorders
Program at the University of Sdo Paulo Medical School, Sdo
Paulo, Brazil, and the OCD Clinic and Research Unit at Bell-
vitge University Hospital, Barcelona, Spain. All patients were
required to have a primary diagnosis of OCD according to
DSM-1V criteria, and they had to be treatment-naive or stably
medicated for at least 3 months before MRI. Exclusion criteria
were age younger than 18 or older than 65 years, current psy-

choactive substance abuse or current/past substance depend-
ence, mental retardation, neurologic comorbidity, current or
history of psychotic disorders, current or history of any other
severe medical conditions and any contraindication to MRI
scanning. All patients underwent the Structured Clinical Inter-
view for DSM-IV Axis I Disorders — Clinician Version (SCID-
CV).2 Comorbidity with other Axis I disorders, including de-
pression and anxiety disorders, was not considered an
exclusion criterion provided that OCD was the primary diag-
nosis and the reason for seeking medical assistance.

Healthy controls were recruited from the same socio-
demographic environments (i.e., the area of influence of the
hospitals) and were comparable to the patient sample in
age, sex and education level. Controls were required to
have no current or history of neurologic or psychiatric dis-
orders based on the Structured Clinical Interview for DSM-
IV non-patient version (SCID-NP), although quantitative as-
sessments of depression and anxiety symptoms were not
administered to control participants. The rest of exclusion
criteria were the same used for the OCD group.

All participants provided written informed consent after
receiving a complete description of the study and the assur-
ance that the decision to participate in the study would not
interfere with their access to treatment. The University of Sao
Paulo Medical School ethical committee and the Bellvitge
University Hospital ethical committee independently ap-
proved the study, which was performed in accordance with
the Declaration of Helsinki.

Clinical assessment

Each patient was administered the Yale-Brown Obsessive-

compulsive Scale (Y-BOCS),* the Dimensional Yale-Brown

Obsessive-compulsive Scale (DY-BOCS)* and the USP-SPS.6

The USP-SPS is a semistructured instrument that was de-

veloped to examine the presence and severity of different

types of SP that precede or accompany repetitive behaviours.

The USP-SPS is divided in 2 parts: a checklist and a severity

scale. The checklist is composed of items evaluating past and

current examples of different subtypes of SP, including

¢ physical sensations characterized by uncomfortable feelings
localized in specific body regions (skin, muscles, joints);

* “just right” perceptions triggered by tactile, visual, or audi-
tory sensations and involving a strong need for things to feel
perfect or “just right” (e.g., a need to touch objects or people, a
need for objects to look a certain way [e.g., perfectly symmet-
ric], and/or a need for a person’s voice or an audio recording
to sound perfect or have the perfect pitch);

e feelings of incompleteness/need to feel internally “just
right” (an inner feeling and/or perception of discomfort
that leads the patient to complete certain movements or ac-
tions until the feeling is relieved);

* energy sensations, or a generalized inner tension that
builds up and needs to be released by completing a move-
ment or an action; and

e “urges-only” phenomena, or a strong urge to engage in a
repetitive behaviour without any specific preceding feeling
or sensation.

J Psychiatry Neurosci 2015;40(4) 233



Subira et al.

The severity scale evaluates the severity of the SP using 3 or-
dinal scales, each with scores from 0 to 5, that focus on the
frequency of the SP, the amount of distress they cause and
the degree to which they interfere with the patient’s function-
ing. The total severity score is obtained by summing these
3 scores, for a total posssible score of 0-15.

MRI acquisition

Brain images from both centres were acquired with a 1.5 T
Signa scanner (General Electric) according to the following
protocols. In Sdao Paulo, contiguous 1.6 mm axial high-
resolution T)-weighted anatomic images were obtained from
each participant across the entire brain using a T,-3-
dimensional spoiled gradient recalled acquisition (T,-3D
SPGR) sequence, with the following acquisition parameters:
echo time (TE) 4.2 ms, repetition time (TR) 10.5 ms, flip angle
15°, acquisition matrix 256 x 192. Images were then interpo-
lated using ZIP2 to a final voxel size of 0.94 x 0.94 x 0.80 mm
(248 slices). In Barcelona, contiguous 1.2 mm axial high-
resolution T,-weighted anatomic images were obtained from
each participant across the entire brain using a T,-3D SPGR
sequence, with the following acquisition parameters: TE
4.2 ms, TR 11.8 ms, flip angle 90°, acquisition matrix 256 x 256
and a final voxel size of 1.17 x 1.17 x 1.2 mm (130 slices).

Image preprocessing and statistical analysis

After inspection for the presence of artifacts, the MRI data were
preprocessed using the optimized voxel-based morphometry
(VBM)-DARTEL? pipeline implemented in the SPM8 software
(Wellcome Trust Centre for Neuroimaging). Specifically, the
preprocessing protocol involved tissue segmentation, normal-
ization and smoothing. Image segmentation was performed
using the “new segment” algorithm, obtaining grey matter im-
age segments from native-space MRIs. Nevertheless, we dis-
carded final output images from this preprocessing step and re-
served the rigidly transformed versions to be used for DARTEL
normalization. Thus, with the “create templates” function, im-
ages were iteratively matched to a template generated from
their own mean in order to generate a series of templates with
increasing resolution. Subsequently, native space grey matter
images were registered to the highest resolution grey matter
template within a high-dimensional diffeomorphic framework
and resampled to a final voxel size of 1.5 mm?®. Spatially normal-
ized tissue maps were then modulated using the Jacobian deter-
minants derived from the corresponding flow fields to restore
volumetric information. Finally, images were smoothed with a
10 mm full-width at half-maximum isotropic Gaussian kernel to
account for the high across-subject anatomic variability of corti-
cal structures, such as our region of interest.

Since this was a hypothesis-driven study, analyses were spa-
tially restricted with an image mask including sensorimotor
and premotor areas (Brodmann areas [BA] 1-6) by using the
Wake Forest University (WFU) Pickatlas.”® We carried out
between-group comparisons of modulated grey matter coeffi-
cients using a general linear model in which group (control,
OCD with SP and OCD without SP) was entered as the vari-

able of interest, with site, age, sex and total grey matter volume
as nuisance covariates. Likewise, to assess correlations be-
tween regional grey matter volumes and SP severity, we per-
formed a multiple regression analysis with the USP-SPS score
as the regressor of interest and site, age, sex and total grey mat-
ter volume as nuisance covariates (this analysis was restricted
to the OCD with SP group). In both analyses, statistical signifi-
cance was established by combining voxel- and cluster-level
thresholds. The cluster extent threshold was determined using
the AlphaSim function implemented in the SPM-REST tool-
box® by means of 1000 Monte Carlo simulations, with a voxel-
level significance of p < 0.01 and a cluster connection radius of
3 mm within a grey matter mask of 55 785 voxels and the ac-
tual smoothing of the data after model estimation. This re-
sulted in a minimum spatial cluster extent ranging from 521 to
572 voxels (depending on the specific analysis) to satisfy a
family-wise error (FWE) rate of p < 0.05. However, the result-
ing cluster extent was further adjusted to account for the non-
isotropic smoothness of VBM images in accordance with the
study by Hayasaka and colleagues.®

We performed a series of post hoc analyses to rule out the po-
tential effects of different confounding variables. Specifically, be-
cause lifetime history of comorbid depression or anxiety disor-
ders and medication status have been shown to affect structural
measurements in patients with OCD (for example, see the re-
views by Piras and colleagues®*?), we controlled for these po-
tential confounding effects. Likewise, we also controlled for the
potential effect on our imaging results of tic disorders and the
variables associated with the presence or severity of SP.

We conducted exploratory whole brain analyses to detect
possible structural correlates of SP outside sensorimotor—
premotor cortices. These analyses were like the ones reported
above, but not restricted to our region of interest. Hence, statis-
tical significance was also established by combining voxel- and
cluster-level thresholds, although we used a whole brain mask
instead of the sensorimotor—premotor mask. This resulted in a
minimum spatial cluster extent ranging from 1420 to 1534 vox-
els (depending on the specific analysis) to satisfy an FWE rate
of p < 0.05. Such a cluster extent was also further adjusted to
account for the nonisotropic smoothness of VBM images.

Finally, we carried out clinical and demographic compari-
sons using SPSS software version 19. Differences in clinical
variables were assessed using %> and independent samples
t tests for categorical and continuous variables, respectively.
We also calculated Pearson correlations to further character-
ize the association between continuous variables and the se-
verity of SP. In these analyses, we considered results to be
significant at p < 0.05, 2-tailed.

Results
Clinical and demographic characteristics

Altogether, 106 patients with OCD (51 from Brazil, 55 from
Spain) and 87 healthy controls (37 from Brazil, 50 from Spain)
were assessed in the present study. Table 1 summarizes the
sociodemographic data from broth groups and the clinical
data from the OCD sample. Of the 106 participants with
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OCD, 71 (67%) reported at least 1 type of SP preceding and/
or accompanying the compulsions. Patients with and without
SP did not differ in terms of age, sex, handedness, years of
education, age at onset of OCD symptoms, illness duration,
global severity scores (Y-BOCS and DY-BOCS), or history of
tics. The severity of the different OCD symptom dimensions
did not significantly differ between the OCD groups, with
the exception of the symmetry/ordering dimension, which
was more severe in patients with SP (p < 0.001). The most fre-
quent subtype of SP was the presence of “just right” percep-
tions (85%), followed by physical sensations (56%), feeling of
incompleteness (44%), urges (30%) and energy release (24%).
These results are summarized in Table 2.

Among patients with SP, the mean total severity of SP was
8.4 + 3.5. Moreover, we observed a positive correlation be-
tween SP severity and symmetry/ordering severity (r = 0.24,
p = 0.040), DY-BOCS (r = 0.39, p = 0.001) and Y-BOCS scores
(obsessions subscale: » = 0.29, p = 0.013; compulsions sub-
scale: r = 0.24, p = 0.045; total score: r = 0.28, p = 0.016). No
other significant correlations were observed.

Brazilian patients with OCD were younger than the Span-
ish patients (30.43 + 8.46 yr v. 35.60 + 955 yr, t =2.94, p =
0.004). Importantly, however, Brazilian and Spanish subsam-
ples did not differ in frequency of SP, although severity of SP
was greater in the Spanish than in the Brazilian subsample
(9.17 £ 2.72 v. 7.56 £ 393, t = 2.02, p = 0.048). Conversely,
global severity measurements (DY-BOCS and Y-BOCS
scores) did not differ between sites.

Imaging analyses

In the direct comparison between the 2 groups of patients
with OCD, those with SP showed a significant grey matter
volume increase in 2 clusters located in the left and right
medial sensorimotor cortices (Fig. 1 and Table 3). Conversely,
in the analyses assessing putative correlations between re-
gional grey matter volumes and severity of SP, we did not ob-
serve any significant association within our region of interest.
In different post hoc analyses we evaluated the confounding
effects of tic disorders, lifetime history of comorbid depression

Table 1: Clinical and demographic characteristics of patients with obsessive—compuisive disorder

and healthy controls

Group, mean + SD or no. (%)

Characteristic OCD, n=106 Control, n = 87 Statistic p value
Age, yr 33.11 +9.37 32.13+9.57 te =0.72 0.47
Age at onset of OCS, yr* 17.0 + 8.85 — — —
lliness duration, yr* 16.08 + 10.29 — — —
Y-BOCS
Obsessions 13.0 £ 3.20 —_ —_ —_
Compulsions 13.45 +2.97 — — —
Total score 26.46 + 5.86 — — —
Global DY-BOCS scoret 22.37 +4.28 — — —
DY-BOCS severity scorest
Aggressiont 6.58 + 5.20 — — —
Sexual/religious§ 3.67 £5.27 — — —
Symmetryq| 7.24 +5.44 — — —
Contamination 6.34 £ 5.74 — — —
Hoarding 2.93+4.10 — — —
Miscellaneous™* 7.18 £5.59 — — —
Female sex 56 (52.8) 49 (56.3) X3 =0.24 0.67
Years of education %% =4.23 0.12
9-13 62 (58.5) 39 (44.8)
14-18 37 (34.9) 36 (41.4)
19-24 7 (6.6) 12 (13.8)
Right-handed 98 (92.4) 86 (98.8) %2 =3.89 0.14
Lifetime history of tics 18 (17.0) — — —
Lifetime history of 41 (38.7) — — —
depression
Lifetime history of anxiety 39 (36.8) — — —
disorders

DY-BOCS = Dimensional Yale-Brown Obsessive—compulsive Scale; OCD = obsessive—compulsive disorder; OCS =
obsessive—compulsive symptoms; SD = standard deviation; Y-BOCS = Yale-Brown Obsessive—Compulsive Scale.

*One missing value.
1Two missing values.

FObsessions about harm due to aggression, injury, violence, natural disasters and related compulsions.
§Sexual, moral and religious obsessions and related compulsions.

flincludes compulsions to count or order/arrange.

**Includes obsessions and compulsions about somatic concerns and superstitions, among other symptoms not classified in the

previous symptom dimensions.
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or anxiety disorders and medication status. Thus, when re-
peating the analyses after excluding patients who reported a
lifetime history of tics (1 = 18), depression (n = 41) or other
anxiety disorders (1 = 39), between-group differences in senso-
rimotor grey matter content remained significant. Similarly,
we also controlled for the effect of medication by excluding
those patients taking medication (n = 66), and our results re-
mained significant. Also, we assessed for the potential con-
founding effects of the variables significantly associated with
presence or severity of SP. In this case, analyses were repeated
by controlling for the presence of symmetry/ordering symp-

toms, total severity of symmetry/ordering symptoms and
overall disorder severity measurements (global DY-BOCS and
the different scores of the Y-BOCS). In all cases, the differences
between OCD groups remained unchanged. Furthermore,
none of these confounders was correlated with grey matter
volume within the sensorimotor cortex region (all p > 0.05).

We further explored potential volume differences between
the OCD groups by assessing their respective volume
changes compared with healthy controls. Compared with the
control group, patients with SP showed increased grey mat-
ter volume in 2 clusters bilaterally covering the medial aspect

Table 2: Clinical and demographic characteristics of patients with obsessive—compulsive disorder with and

without sensory phenomena

Group, mean + SD or no. (%)
OCD with SP, OCD without SP,
Characteristic n=71 n=35 Statistic p value
Age, yr 32.11 +8.45 35.14 +10.84 tios =—1.56 0.12
Age at onset of OCS, yr* 16.79 + 9.85 17.43 £ 6.49 t,0s = —0.35 0.73
lliness duration, yr* 15.26 + 8.89 17.71 £ 12.61 ts=—1,16 0.25
Y-BOCS
Obsessions 12.99 + 3.38 13.03 £ 2.85 ts = —0.06 0.95
Compulsions 13.62 + 3.02 13.11 £2.89 s = 0.82 0.41
Total score 26.61 +5.99 26.17 + 5.64 tios = 0.36 0.72
Global DY-BOCS scoret 22.44 + 4.49 22.21+3.85 t = 0.25 0.81
DY-BOCS severity
scoresti
Aggression 6.31 £5.40 7.15+4.76 t =—0.77 0.45
Sexual/religious 3.18 +5.21 4.73 +5.31 t, = —1.40 0.17
Symmetry 8.65 +5.06 4.21+5.03 t, =417 < 0.001
Contamination 6.17 +5.88 6.70 £ 5.52 t. = —0.44 0.67
Hoarding 3.34 +4.23 2.06 +3.72 t, = 1.49 0.14
Miscellaneous 7.11+£5.78 7.12 £ 5.31 t,o = —0.01 0.85
Total severity of SP 8.35 + 3.46
Female sex 36 (50.7) 20 (57.1) %2 = 0.39 0.53
Years of education %% =1.09 0.58
9-13 42 (59.1) 21 (60.0)
14-18 23 (32.4) 13 (37.1)
19-24 6 (8.5) 1(2.9)
Right-handed 65 (91.5) 34 (97.1) x%=5.14 0.08
Lifetime history of tics 10 (14.1) 8(22.9) 2, =1.28 0.28
Lifetime history of 31 (43.7) 10 (28.6) %% = 2.25 0.15
depression
Lifetime history of anxiety 28 (39.4) 11(31.4) %2 =0.65 0.52
disorders
Treatment-naive 29 (40.8) 11 (31.4) %2 =0.89 0.39

Subtypes of SP (lifetime)
Physical sensations 40 (56.3)
“Just right” perceptions 60 (84.5)
Feeling of incompleteness 31 (43.7)
Energy release 17 (23.9)
“Urge-only” phenomena 21 (29.6)

DY-BOCS = Dimensional Yale-Brown Obsessive-Compulsive Scale; OCD = obsessive—compulsive disorder; OCS = obsessive—
compulsive symptoms; SD = standard deviation; SP = sensory phenomena; USP-SPS = University of Sdo Paulo Sensory Phenomena

Scale; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale.
*One missing value.
1Two missing values.

1See Table 1 footnote for a description of each symptom dimensions profile.
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of the sensorimotor cortex (Fig. 2 and Table 3). By contrast,
no significant differences were observed between patients
with OCD without SP and the control group.

Finally, exploratory whole brain analyses did not reveal
any significant difference outside our region of interest
between patients with and without SP. By contrast, we
observed a significant volume increase in patients with
SP compared with healthy controls in a large cluster
encompassing the left posterior putamen, pallidum,
thalamus (mainly the ventral posterolateral nucleus) and the
mesencephalic locomotor region (Fig. 3). Such changes were
not observed in patients without SP.

Discussion

We analyzed the brain structural correlates of SP in a large
sample of patients with OCD. We centred our analyses in the
sensorimotor cortex, because previous studies performed in
tic disorder samples suggested that activity within sensori-
motor regions underpins the SP that precede tic onset. In
agreement with our hypotheses, we observed a significant
grey matter volume increase in the medial aspect of the sen-
sorimotor cortex in patients with SP in comparison to those
without SP. Likewise, such a grey matter volume increase
was also observed between patients with SP and healthy con-
trols. Conversely, patients without SP did not differ from
healthy controls. Such comparisons with healthy controls
helped us to interpret the differences between the 2 patient
groups, indicating that these differences were indeed the con-
sequence of an abnormal grey matter volume increase in pa-
tients with SP rather than of a grey matter volume reduction
in patients without SP. We did not, however, observe any
significant correlation between regional grey matter volumes
and SP severity, which indicates that although sensorimotor
volume increases are clearly associated with the presence of
SP, the severity of such symptoms may be modulated by
other clinical or neurobiological factors.

In our sample, 67% of patients with OCD reported the
presence of some SP preceding or accompanying their com-
pulsions. This frequency of SP in patients with OCD is in
agreement with data from previous studies, where fre-
quency estimates ranged from 65% to 72%.5® Moreover, in

Fig. 1: Increased regional grey matter volumes in patients with
obsessive—compulsive disorder with sensory phenomena (SP) in
comparison to patients without SP in the bilateral sensorimotor cor-
tex. Colour bar represents t values. L = left hemisphere.

Fig. 2: Increased regional grey matter volumes in patients with
obsessive—compulsive disorder with sensory phenomena in com-
parison to healthy controls in the bilateral sensorimotor cortex. Co-
lour bar represents t values. L = left hemisphere.

Fig. 3: Whole brain analyses showed a regional grey matter volume
increase in patients with obsessive—compulsive disorder with sen-
sory phenomena in comparison to healthy controls in a large cluster
encompassing the left posterior putamen, pallidum, thalamus and
mesencephalic locomotor region (peak Montreal Neurological Insti-
tute coordinates: x, y, z = -5, -30, —18; t = 3.84, p < 0.05). The sen-
sorimotor grey matter volume increase reported in the region of inter-
est analysis can also be observed in the sagittal and coronal slices.
Colour bar represents t values. L = left hemisphere.

Table 3: Regions with significant grey matter volume alterations characterizing patients with obsessive—compuilsive

disorder with sensory phenomena

Peak MNI
coordinate p value p value
Contrast X, ),z t(2) k (uncorrected) (corrected)* Localization
SPv. no SP -15,-31,70 3.92 (3.84) 1420 < 0.001 < 0.001 Left sensorimotor
cortex
26, 43, 72 4.34 (4.23) 769 < 0.001 0.012 Right sensorimotor
cortex
SP v. control —24,-28,70 4.63 (4.50) 1541 < 0.001 < 0.001 Left sensorimotor
cortex
12,-33,73 3.71 (3.64) 543 < 0.001 0.039 Right sensorimotor

cortex

MNI = Montreal Neurological Institute; SP = sensory phenomena.

*Multiple comparisons correction was performed by combining voxel- and cluster-level significance thresholds using AlphaSim (see article for details).
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our patients with SP, “just-right” perceptions (triggered by
tactile, visual, or auditory sensations) were the most fre-
quently reported symptom, followed by physical sensa-
tions, feelings of incompleteness, “urge-only” phenomena
and energy release. Although literature in the area is not ex-
tensive, such distribution of the type of SP is also in agree-
ment with previous reports.” Regarding the association of
SP with other clinical variables, it is worth noting that in
our sample the presence of SP was not associated with a
lifetime history of tic disorders. In any case, to further con-
firm that our imaging findings were exclusively related to
the presence of SP, we repeated the analyses after excluding
patients with a positive history of tic disorders, and our re-
sults remained significant. Indeed, in Tourette syndrome
samples, the neural systems related to tic severity, as as-
sessed by the Yale Global Tic Severity Scale (YGTSS),* and
the severity of premonitory sensations, as assessed by the
Premonitory Urges for Tics Scale (PUTS),* have been
clearly dissociated. Thus, while tic severity has been associ-
ated with grey matter reductions in the orbitofrontal and
ventrolateral prefrontal cortices, the severity of premonitory
sensations has been related to volume increases in somato-
sensory regions.”” Our results concur with such findings
and support the interpretation of SP in patients with OCD
as independent from the presence of tics, but related to the
same neural systems involved in the regulation of premoni-
tory urges in tic disorder samples.

The presence of SP seem to be also largely unrelated to the
most relevant clinical features of OCD, such as severity, comor-
bidities, age at onset, or illness duration. Such lack of clinical dif-
ferences between patients with and without SP is in partial dis-
agreement with previous reports;*”® therefore, further research
is warranted to evaluate the association between different clin-
ical features and the presence of SP across different OCD sam-
ples. Nevertheless, when we centred our analyses on the group
of patients with SP, we observed a significant correlation be-
tween the severity of SP and global disorder severity. This find-
ing, in combination with our lack of correlation between SP se-
verity and sensorimotor grey matter content, suggests that SP
severity may relate to more general clinical and neurobiological
factors, not necessarily to sensorimotor cortex function. Like-
wise, we have replicated the previously described association of
SP with symmetry/ordering symptoms,®” although we con-
firmed that our sensorimotor grey matter increases did not de-
pend on these symptoms. Despite a previous study reporting
that symmetry/ordering symptoms were related to grey matter
alterations in a sensorimotor region,? this finding pertained to a
more lateral (in relation to our findings) region of the right
hemisphere. Moreover, in that study, greater severity of
symmetry/ordering symptoms predicted lower grey matter
volume, whereas based on our data we would have predicted
the opposite. In addition, other studies have reported no associ-
ations between symmetry/ordering symptoms and brain anat-
omy.?* Consequently, although the association between the
presence of SP and symmetry/ordering symptoms seems to be
a robust finding, the neural correlates of these symptoms should
probably be evaluated while controlling for the presence of SP
and other confounding factors.

Morphometric alterations in the sensorimotor cortex have
seldom been reported in OCD samples, and the few existing
findings are quite heterogeneous, ranging from volume*® and
thickness” decreases to grey matter density increases.®® Our
findings, however, are derived from a clear regional hypothe-
sis and limited to a subgroup of patients, which may account
for the scarcity of significant findings within the sensorimo-
tor cortex in exploratory whole-brain analyses assessing gen-
eral OCD populations. In this context, our results may be
interpreted in terms of structural plasticity® distinctively oc-
curring in the sensorimotor cortex of patients with SP. Specif-
ically, sensorimotor cortex volume increases may depend on
neural tissue enlargements stemming from increased somato-
sensory processing demands and the subsequent integration
of this information into repetitive and ritualized motor be-
haviours.”® Alternatively, sensorimotor grey matter volume
increases could precede the onset of disorders, thus confer-
ring a specific vulnerability to increased sensorimotor activ-
ity. Unfortunately, the cross-sectional nature of the present
study does not allow us to reach an unambiguous conclusion
on this issue. In any case, both possibilities are in agreement
with electrophysiological evidence of sensorimotor hyperex-
citability and altered sensory gating observed in general
OCD samples.**! Moreover, somatosensory cortex hyperac-
tivity and the prominent influence of somatosensory infor-
mation over motor cortex activity has been consistently re-
ported in association with the presence of SP,"'* and neural
activity in the sensorimotor area has been related to urge sen-
sations in other contexts, such as voluntary blink suppres-
sion,*? urge to void,” or urge to cough.* Likewise, it should
be highlighted that while in Tourette syndrome samples grey
matter increases have been located in more lateral regions of
the somatosensory cortex (corresponding to the face and
speech related regions),’” in our study grey matter increases
were observed in more medial regions, corresponding to the
trunk and appendicular body regions, where most of the
bodily SP are experienced by patients with OCD.

Despite our exploratory whole brain analysis not detecting
any significant difference between patients with and without
SP, we observed a significant volume increase in patients with
SP compared with healthy controls involving different subcorti-
cal sensorimotor regions, from the posterior putamen to the
ventral posterolateral nucleus of the thalamus, the somatosen-
sory thalamic relay. Such findings allow interpretation at the
network level, with alterations also involving subcortical senso-
rimotor processing regions, concurring with previous reports
suggesting that impaired sensorimotor integration in patients
with OCD stems from an abnormal subcortical drive.* Like-
wise, subcortical alterations extended to the mesencephalic loco-
motor region, which includes the cuneiform, subcuneiform and
pedunculopontine nuclei.*® Interestingly, this later nucleus is
critically involved in prepulse inhibition,* a test of sensorimotor
gating that has been found to be altered in patients with OCD.¥

Limitations

Our study is not without limitations. First, some of our pa-
tients with OCD were taking medication, although doses
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were stable in the 3 months preceding MRI acquisition. Re-
sults, however, remained significant after controlling for this
confounding factor. Second, we did not evaluate the presence
of SP in healthy controls, which might be considered a study
limitation because the presence of SP may be understood
from a dimensional perspective. Nevertheless, the main ob-
jective of the study was the comparison between patients
with and without SP, whereas the comparison with healthy
controls was performed to obtain a reference “normative”
value that helped with the interpretation of findings. Finally,
patients were recruited and scanned in 2 different OCD-
specialized psychiatry units, which may raise some method-
ological concerns in relation to the homogeneity of the clin-
ical assessments and the imaging acquisition protocols.
However, all clinical assessments were performed using stan-
dardized procedures, and despite the existence of some dif-
ferences in the MRI acquisition parameters, images were
preprocessed and analyzed together using standard prepro-
cessing and analysis algorithms. Indeed, these 2 OCD units
have already shared data in other multicentric studies involv-
ing structural MRI in patients with OCD,'"® and it has been
shown that the advantages of these kind of studies (e.g., in-
creased statistical power and common preprocessing and
analysis algorithms) exceed the putative limitations associ-
ated with differences in data acquisition protocols.

Conclusion

We have identified a structural correlate of SP in patients with
OCD consisting of grey matter volume increases in the senso-
rimotor cortex. Speculatively, such a volume increase may be
due to structural plasticity induced by an increased demand in
somatosensory information processing, also affecting motor
cortex activity. Alternatively, abnormally increased grey mat-
ter volumes in the sensorimotor cortex might precede the on-
set of the disorder, and in that case sensorimotor alterations
would predispose to the occurrence of SP. Longitudinal assess-
ments and studies invovling patients with recently diagnosed
OCD are warranted to elucidate this issue.

Sensorimotor grey matter volume increases seem to be a
common mechanism underlying the presence of SP in pa-
tients with different disorders, and in those with OCD these
increases seem not to be necessarily related to the presence of
tics, other comorbidities, or greater OCD severity. The identi-
fication of the sensorimotor cortex as the region underpin-
ning the experience of SP in patients with OCD may help in
the development of specific therapeutic approaches aimed at
regulating neural activity, such as transcranial magnetic or
direct current stimulation of motor or premotor regions,
which have already been shown to normalize hyperactivity
within the sensorimotor cortex and ameliorate overall symp-
tom severity in patients with OCD.*
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