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Abstract

Obsessive-Compulsive Disorder (OCD) is a debilitating illness causing marked distress and
functional impairment. While advances in behavioral and pharmacotherapies have been effective
for a majority of patients with OCD, 10-30% remain treatment refractory and severely impaired.
For a subset of treatment-resistant individuals with the most severe and disabling (intractable)
illness, gamma ventral capsulotomy (GVC) appears effective in reducing OCD symptoms and
functional impairment. However, the effects of the ventral internal capsule lesion via GVC
surgery on executive function in everyday life have been minimally investigated. Examining
behavioral outcomes of GVC also provides a rare opportunity to probe the functional importance
of the ventral prefrontal-subcortical connections of the internal capsule white matter tract in a
relatively homogenous sample of patients with comparable white matter lesions. The present study
investigated changes in frontally-mediated behaviors, measured by the Frontal Systems Behavior
Scale (FrSBe), following GVC in 45 individuals with severe and otherwise intractable OCD,

as rated by patients themselves and family members. Linear mixed effects models revealed a
significant improvement in patient self-ratings on the FrSBe after surgery, while family ratings
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did not significantly change. Interestingly, improvement on the FrSBe for both self and family
raters was significantly correlated with improvement in OCD symptomatology post-surgery, as
measured by the Yale-Brown Obsessive Compulsive Scale (Y-BOCS). At the group level, we
found no evidence of decline in frontally-mediated behaviors assessed by the FrSBe as a result

of focal white matter disconnection via GVC. However, we cannot rule out the possibility that
placebo effects or compromised patient self-awareness or insight contributed to the significant
improvement in self-ratings. Our measures may also have limited sensitivity to more selective
impairments that could result from a small lesion to the ventral internal capsule. The present study
demonstrates the need for detailed investigation of cognitive and behavioral changes as important
factors when considering GVC as a viable treatment option for patients with refractory OCD.

Keywords

gamma ventral capsulotomy; frontal lobe functions; executive function; obsessive compulsive
disorder; internal capsule lesion; ventromedial prefrontal cortex

1. Introduction

Obsessive-Compulsive Disorder (OCD) is a debilitating illness and is associated with
significant disability worldwide (Mancebo et al., 2008; Veale & Roberts, 2014; World
Health Organization, 2008, 2017). OCD is characterized by recurrent and persistent intrusive
or unwanted thoughts, images, or urges (i.e., obsessions). These intrusions cause marked
distress, and individuals may deploy specific behaviors or mental acts (i.e., compulsions) to
resist obsessions or alleviate distress (American Psychiatric Association, 2013). Individuals
with severe OCD can have considerable difficulty dismissing obsessions and disengaging
from compulsions, often associated with significant functional impairment.

While advances in pharmacological and psychotherapeutics are effective for a majority of
patients with OCD, 10-30% of patients are estimated to remain treatment refractory and
severely functionally impaired (Hirschtritt, 2017; Husted & Shapira, 2004; Jakubovski et
al., 2013; Lopes et al., 2004; McKay et al., 2015). In select cases of individuals with
highly refractory OCD for whom minimal treatment alternatives remain, gamma ventral
capsulotomy (GVC) has been shown to be effective in reducing OCD symptoms (D'Astous
etal., 2013; McLaughlin et al., 2021; Miguel et al., 2019; Rasmussen et al., 2018).

Stemming from empirically derived methods (Greenberg et al., 2010; Rauch, 2003), surgical
approaches in the extant literature have varied with regard to the specific target location
within the region of the internal capsule, lesion size, methods used to induce lesions,

and number of surgical operations conducted, unsurprisingly leading to heterogeneity of
findings. In contrast to older ventral capsulotomies that ablated the entire internal capsule
in the coronal plane, modern gamma ventral capsulotomy procedures target the ventral
subregion (bottom ¥ to 14) of the anterior limb of the internal capsule via gamma knife
stereotactic radiosurgical technigues, focusing on ventral cortico-subcortical connections
thought most important to improvement of OCD symptomatology (Lopes et al., 2004;
Rasmussen et al., 2018). Similar procedures using radiofrequency thermolesions or laser
ablations have also been performed on the same target location (McLaughlin et al.,
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2021; Nyman & Mindus, 1995; Riick et al., 2008), resulting in OCD symptom reduction.
However, there is inter-individual variability in the latency of clinical response, with reports
of clinically meaningful change ranging from 6-36 months post-surgery (Miguel et al.,
2019; Rasmussen et al., 2018), indicating the importance of multiple long-term follow-ups
when evaluating the consequences of GVC for clinical response and daily functioning.
Nonetheless, prior studies report OCD symptom improvement following GVC and related
surgical procedures, with variable reports of 37-80% of individuals demonstrating full
treatment response (typically characterized as = 35% reduction in the Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) score) at varying long-term follow-up intervals (Brown et al.,
2016).

The internal capsule is a bidirectional white matter pathway with the anterior limb
containing projection fibers connecting the thalamus, caudate, and ventral striatum to frontal
cortex. Specifically, the ventral subregion contains fibers from ventromedial prefrontal
(vmPFC), lateral (IOFC) and medial orbitofrontal (mOFC), and anterior cingulate (ACC)
cortices (Lehman et al., 2011), while the dorsal subregion includes white matter connections
to the dorsolateral prefrontal cortex (dIPFC). Abnormal connections via white matter
microstructure of the cingulum bundle and anterior limb of the internal capsule have been
reported in OCD relative to healthy comparisons (Cannistraro et al., 2007). By targeting

the ventral subregion of the anterior limb of the internal capsule, GVC aims to disrupt
aberrant fronto-subcortical circuitry implicated in the maintenance of OCD symptomatology
(Greenberg et al., 2010; Pauls et al., 2014), while likely sparing more dorsal connections
between subcortical structures and dIPFC. Functional magnetic resonance imaging (fMRI)
studies in individuals with OCD corroborate these findings by demonstrating hyperactivity
of cortico-striatal pathways in the brain at rest, including orbitofrontal and anterior cingulate
cortices (Greenberg et al., 2010; Harrison et al., 2009).

While there is evidence of therapeutic benefit in reducing OCD symptoms (D'Astous et al.,
2013; Gong et al., 2018; McLaughlin et al., 2021; Miguel et al., 2019; Rasmussen et al.,
2018), neuropsychological outcomes are less well described. The few extant capsulotomy
studies of neuropsychological function primarily report preserved cognitive and intellectual
functioning (Batistuzzo et al., 2015; Csig06 et al., 2010; Gong et al., 2018; Taub et al.,

2009), with modest evidence of domain-specific improvements in learning and memory,
visuospatial skills, and reasoning (Batistuzzo et al., 2015; Gong et al., 2018; Taub et

al., 2009), though mixed findings are reported in the domain of executive functioning
(Batistuzzo et al., 2015; Csigo et al., 2010; Gong et al., 2018; Nyman et al., 2001; Nyman &
Mindus, 1995; Riick et al., 2008; Taub et al., 2009).

Executive functions, or higher-order cognitive abilities such as inhibition, switching,
organization, planning, and mental flexibility rely on the integrity of neural structure and
function among frontal and distributed brain areas specifically encompassing ACC, OFC,
and vmPFC (Dias et al., 1996; Fellows & Farah, 2003; Mansouri et al., 2020; Rudebeck
etal., 2017; Rudebeck et al., 2013), regions directly disconnected as a result of GVC.
Executive function outcomes following GVC have been inconsistent (Batistuzzo et al.,
2015; Csigo et al., 2010; Gong et al., 2018; Nyman et al., 2001; Nyman & Mindus, 1995;
Ruck et al., 2008; Taub et al., 2009) and are likely confounded by small sample sizes
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as well as heterogeneity of patient sample characteristics, lesion methodologies, measures
employed, and follow-up time periods. Older studies of samples with more extensive
capsular lesions have reported post-surgical declines in task-based measures of executive
function (e.g., Wisconsin Card Sorting Test (WCST)) and evidence of apathy, disinhibition,
and dysexecutive behaviors despite improved OCD symptoms (Nyman & Mindus, 1995;
Riick et al., 2008). While recent studies using the more modern, circumscribed lesion
employed here have generally reported no change (Batistuzzo et al., 2015; Nyman et al.,
2001; Taub et al., 2009) or improved performance (Csigo et al., 2010; Gong et al., 2018) on
task-based measures of executive functioning following GVC, mild declines in select cases
were also reported (Csigd et al., 2010; Taub et al., 2009).

Nevertheless, the broader behavioral consequences of lesioning this tract connecting
multiple regions of ventral prefrontal cortex to deep subcortical targets remain unclear.

The sole study that has directly investigated frontal lobe behaviors in daily life including
apathy, disinhibition, and dysexecutive behaviors after capsulotomy for OCD reported either
stability or greater dysfunction upon follow-up, though greater dysfunction was found in
patients with larger lesions of the internal capsule (Riick et al., 2008). Notably, when
informant report was available for patients with treatment refractory OCD, discordant
frontal behavior ratings between informant- and self-report have led some studies to
question the role of patient insight (Batistuzzo et al., 2009; Riick et al., 2008), posing a
challenge to interpreting measures that are dependent on self-report. In fact, in patients with
more extensive frontal lobe damage due to non-traumatic acquired insult (e.g., aneurysm,
tumor), discrepancies between self- and informant-report were found such that patients
underestimated their impairments relative to informant ratings (Hoerold et al., 2013). Other
work has found that damage to the ventromedial frontal lobe caused by stroke, tumor, or
traumatic brain injury resulted in reduced self-awareness, impaired insight (Barrash et al.,
2000; Beer et al., 2006), and a reduction in accuracy of metacognitive judgments (Fleming
et al., 2014; Janowsky et al., 1989). Abundant fMRI evidence also indicates that vmPFC

is specially involved in self-referential processing (Denny et al., 2012; Qin & Northoff,
2011), and metacognitive processes such as decision confidence and mentalizing (Vaccaro
& Fleming, 2018). Taken together, these data raise concern about how disconnection

of ventromedial prefrontal regions from subcortical targets might impact insight and self-
awareness of GVC surgical patients, and thereby influence their ability to assess their own
functioning.

As the consequences of GVC on executive function and other frontal lobe symptoms remain
ambiguous, testing the effects of this procedure on frontal behaviors with well-validated
measures is of both clinical and basic scientific significance. Examining this population

is also likely to be informative for understanding how frontal white matter tracts support
executive functions, given the rarity of focal deep white matter lesions that connect several
regions of ventral, orbital, medial, and lateral frontal cortex with thalamus and striatum.
Whereas most studies of the behavioral consequences of white matter lesions rely on stroke
and brain tumor patients where damage is diffuse and heterogeneous (Foulon et al., 2018;
Gleichgerrcht et al., 2017; Urbanski et al., 2008), GVC provides a rare opportunity to
investigate the functional importance of a white matter tract in a relatively homogenous
niche population (i.e., all patients with treatment refractory OCD) with an extremely focal
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and consistent white matter lesion. As such, we attempt to address both the clinically
relevant impact of GVC on daily functioning in OCD, as well as the broader role of
focal white matter disconnection on brain and behavior relationships from a cognitive
neuroscience perspective.

The present study investigated changes in behaviors associated with frontally-mediated
neural circuitry following gamma ventral capsulotomy (GVC) in individuals with treatment
refractory OCD. We used the Frontal Systems Behavior Scale (FrSBe) to evaluate
longitudinal behavior change in frontal lobe functions following GVC. The FrSBe has been
shown to be an ecologically valid and sensitive measure of changes in frontally-mediated
behaviors (including dysexecutive behavior, disinhibition, and apathy) following damage

to the frontal lobes across a range of populations (Grace & Malloy, 2001; Grace et al.,
1999), including within a non-surgical treatment refractory OCD sample (Batistuzzo et

al., 2009). In addition, the FrSBe enables us to explore the role of patient insight by
comparing patient self-report with informant reports when evaluating change in frontal lobe
behaviors. In analyses of these data, we will (1) examine how family and self-reported
ratings of everyday frontal lobe functions change after GVC, (2) clarify associations of OCD
symptomatology with daily frontal lobe functioning before and after GVC, and (3) assess
whether an objective neuropsychological measure of executive function, the Wisconsin Card
Sorting Task (WCST; Heaton, 1993), relates to self- and family-rated daily frontal lobe
behaviors.

We hypothesize that if GVC causes frontal lobe dysfunction, patient and family members
will rate frontally-mediated behaviors as worsened post-surgery. If GVC impacts patient
insight and awareness, we expect that patients will underestimate their impairments relative
to informants, and that family behavior ratings will correlate more strongly than self ratings
with performance on a task-based measure of executive functioning as well as with OCD
symptom severity.

2. Materials and methods

2.1.

Participants and study design

The analyses reported here were carried out by authors MTK, OL, ARV, and DB on data
shared with them by co-authors NCRM and SAR. The authors carrying out these analyses
(MTK, OL, ARV, DB) were not involved in the surgical procedures, design of this study,
collection of data or in the treatment and care of enrolled patients and are independent of the
group using these procedures as part of patient care. Here, we provide details regarding the
study population, surgery, design, and data collection procedures that formed the analyzed
dataset that was shared. Detailed information about participants and study design have been
previously described by Rasmussen et al. (2018).

Over a 20-year period, a cohort of 55 adult patients (mean age = 33.6, SD = 10.5) with
treatment refractory OCD underwent either single shot repeated (n=15) or double shot
(n=40) GVC (detailed in section 2.2 Radiosurgical Procedure) (Rasmussen et al., 2018).
A subset of patients completed the FrSBe and neuropsychological measures including the
WCST at baseline and across multiple follow-up time points. Primary clinical outcomes,
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detailed sample characteristics, and study eligibility criteria are previously reported by
Rasmussen et al. (2018). In brief, patients with a formal diagnosis of OCD for at least

5 years were eligible for GVC only if they were considered treatment-refractory, defined

by failure to respond (i.e., continued severe to extreme OCD symptoms) to multiple
adequate trials of pharmacological and psychotherapeutic interventions per consensus
guidelines (Nuttin et al., 2014). Additional eligibility criteria included a baseline Y-BOCS
score of = 28, severe impairment in social and occupational functioning, and ability to
provide informed consent (see Rasmussen et al., 2018 for complete description of inclusion/
exclusion criteria for GVC surgical candidacy). Potential candidates were each assessed

by a psychiatrist (SAR or BDG), neurologist, and neuropsychologist (PFM or NCRM) to
obtain a comprehensive psychiatric history via direct interview with the patient, patient
family, and treatment providers, as well as review of all available patient records. Candidate
suitability was reviewed by an independent board whose members included an ethicist, two
psychiatrists, a minister, a lawyer, a nurse, and a member of the National Alliance for the
Mentally 11l (Rasmussen et al., 2018).

Of the 55 patients who underwent GVC, 48 had at least one FrSBe assessment (see Table

1). Of these 48, three patients who received the single shot repeated procedure had FrSBe
assessments only in between the first and second GVC surgeries, thus no valid pre- or
post-surgical assessments were available. The FrSBe assessment data from these three
patients were therefore excluded, given the lack of clarity to interpretation if combined

with patient data following completed single shot repeated or double shot surgeries. For the
remaining 45 patients, 31 completed a pre-surgical self-assessment, and 28 had pre-surgical
assessments rated by a family member or close associate if no family member was available
(i.e., family-assessment). Twenty-nine patients had at least one post-surgical self-assessment
and 23 patients had at least one post-surgical family-assessment. Twenty patients had self-
assessments both pre- and post-surgery, while 14 patients had pre- and post-surgical family-
assessments. Ten patients had both self- and family-rated assessments pre- and post-surgery;
however, one patient did not have sufficient items completed for adequate calculation of a
FrSBe total score, per criteria outlined in the FrSBe manual (Grace & Malloy, 2001). Thus, a
total of 9 patients had complete data for both self and family FrSBe ratings before and after
surgery. A notable limitation, the FrSBe was under development and not yet published when
data collection for the present study began in 1993 at the same site (Butler Hospital) and was
less consistently administered as part of the general clinical battery. Follow-up assessments
were conducted approximately 6, 12, 24 and 60 months after the initial surgery. In certain
cases, follow-up assessments were also completed between 5-10 years or after 10 years
post-surgery.

Radiosurgical procedure

Details of the radiosurgical procedures are described by Rasmussen et al., 2018: The first
37 patients were treated with the Leksell Gamma Knife model U, while the remainder
were treated with the model C. Per the initial study hypothesis that a single bilateral lesion
in the anterior limb of the internal capsule would be equally efficacious to previously
studied larger lesions, 15 patients received a single shot GVC procedure in the initial study
phase. One patient demonstrated significant improvement and did not require a second
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procedure. A second patient withdrew from the study after experiencing no improvement
following the first shot. Due to the lack of response to the first procedure, the remaining

13 patients completed a second-stage procedure (single shot repeated). For the single shot
repeated group (n=13), in the coronal plane, the initial bilateral single target was located
centrally in the capsule, one-third of the distance dorsally from the capsule’s most ventral
extension and in the axial plane adjusted so the posterior part of the 20% isodose line
transected the genu of the capsule. The second stage target (single shot repeated) was
defined immediately ventral to the first stage shot in the center of the capsule. Individual
variation in the anatomy of the anterior limb of the internal capsules as they coursed through
the corpus striatum necessitated minor alterations in targeting. The 40 patients subsequently
enrolled were treated with two shots bilaterally in one session (double shot), targeted to
cover the ventral third of the anterior capsule/ventral striatum, that were consistently placed
8 to 10 mm anterior to the posterior border of the anterior commissure (see Figure 1).

For all treatments in all patients, the radiation dose used was 180Gy to the maximum
(100%) at the center of the target with a prescription dose of 90Gy to the 50% isodose

line intended to correspond to the periphery of the volume of necrosis (lesion) created

by the treatment. A collimator size of 4 mm was used in all cases. Target locations and
details about the distribution of lesion locations are available in Rasmussen et al. (2018).
For the purpose of this study, data collected between the first and second surgeries for
single shot repeated patients were excluded from all analyses. For these patients, analyses
used only the measures completed before the first surgery to represent pre-surgical data and
only measures completed after the second surgery (single shot repeated) as post-surgical
measurement references. Consistent with standard treatment protocols, patients continued to
receive behavioral and pharmacological intervention post-surgery.

2.3. Measures

2.3.1. Frontal Systems Behavior Scale—The Frontal Systems Behavior Scale
(FrSBe) is an internally reliable, validated brief rating scale designed to measure behaviors
associated with frontal lobe damage (Grace & Malloy, 2001; Grace et al., 1999; Stout et

al., 2003). Two complementary forms include a self-rated assessment for patient report and
an analogous form rated by family members for collateral report. Each scale consists of

46 items describing behaviors that can be judged based on their frequency of occurrence
(e.g., “Says one thing, then does another”). Participants rate each item on a 5-point Likert
scale indicating the frequency of each behavior. After reverse scoring relevant items, a total
score (range 46-230) is computed by taking the sum of the individual item scores; the scale
can also be parsed into three subscales comprised of specific items: apathy (14 items),
disinhibition (15 items) and executive dysfunction (17 items). Scoring procedures stipulate
that accurate calculation of the measure cannot be completed if = 5 items comprising the
total or = 4 items from a given subscale have missing ratings (Grace & Malloy, 2001).
Standardized T-scores for the FrSBe total and subscales were computed to adjust for patient
age and education level at assessment, patient gender, and assessment rater (self or family),
based on normative data from a sample of healthy individuals (Grace & Malloy, 2001).
Higher T-score values indicate greater impairment. Standardized T-scores for the FrSBe total
and subscales were used in all analyses.
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Participants received either the current version of this scale (FrSBe), or a previous version
(Frontal Lobe Personality Scale (FLOPS); (Grace et al., 1999)) earlier in the course of

this study. While the specific items and content are unchanged, the versions of the scale
differ principally in format with modified item order and coding direction for a subset of
items. Thus, all items were reordered and re-coded where necessary, to match the current
FrSBe scale version. Two research assistants manually entered the paper assessments into a
computer software program and each item was double-entered to reconcile potential entry
errors.

2.3.2. Wisconsin Card Sorting Test—Patients were administered the 128-card
version of the Wisconsin Card Sorting Test (WCST) (Heaton, 1993). In this task, patients
are asked to sort cards according to an undisclosed abstract rule that changes over the course
of administration. Patients receive deterministic feedback about whether their response for
each card is correct according to the current prevailing rule, and therefore must flexibly
adjust to examiner feedback provided with each trial. Perseverative errors on the WCST
have been shown to index frontal lobe dysfunction (Dias et al., 1996; Gléscher et al., 2019;
Milner, 1963) and serve as a measure of interest in the current study. Perseverative errors
indicate a persistence on a response set within a particular sorting principle for which the
patient has already received negative feedback. Higher perseverative errors are hypothesized
to result from inflexibility and failures to shift attentional set, reduced sensitivity to negative
feedback, or failures of response inhibition. The number of perseverative errors was selected
as a measure of behavioral flexibility, which was converted to a normed standard score,
with higher standard scores indicating better performance or fewer perseverative errors.
Additionally, given that reduced concept formation has been suggested as a possible
neurocognitive endophenotype highlighting the need to explore more nuanced measures

of executive function in OCD (Abramovitch et al., 2021), and particularly within a sample
demonstrating largely intact performance at pre-surgical baseline, the WCST learning-to-
learn raw score was also selected to index conceptual learning efficiency. The learning-to-
learn score measures average change in learning efficiency across consecutive categories,
with positive scores indicating better performance or fewer percent errors made over time
within a given category, presumably reflecting greater conceptual learning efficiency.

2.3.3. Yale-Brown Obsessive Compulsive Scale—The Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) is a 10-item validated measure of symptom severity in OCD
(Goodman et al., 1989b; Goodman et al., 1989a). The scale is clinician-rated, based on an
interview with the patient and family member(s) if available. Each item is rated on a scale
of 0 (no symptoms) to 4 (extreme symptoms). A total score reflecting the degree of OCD
symptom severity is calculated by taking the sum of the 10 items (range 0-40).

2.3.4. Hamilton Depression Rating Scale—The Hamilton Depression Rating Scale
(HDRS) (Hamilton, 1960) is a widely used, well-validated, clinician-rated measure of
depressive symptom severity. Items rated on a scale of 0 (absence of symptoms) to 4
(extreme symptoms) are summed into a total score with higher total scores indicating greater
depressive symptom severity.
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2.4 Statistical Analyses

A series of linear mixed effects (LME) models were conducted in MATLAB (Mathworks,
Natick, MA) to assess the effects of GVC surgery on self- and family-rated frontal lobe
behaviors (FrSBe) and their association with performance on a neuropsychological measure
of executive function (WCST) as well as with obsessive-compulsive symptom severity
(Y-BOCS). For all models, the most complex model with parameters for all possible random
effects was first attempted; however, if this model could not converge, a simpler model was
fit to the data with random effects that could not be estimated removed from the model.
Standardized T-scores for the FrSBe total and subscales were used in all analyses. Analyses
exclusively evaluating change in self- and family-ratings were performed on FrSBe total
scores and each subscale (apathy, disinhibition, executive dysfunction). For simplicity, only
total FrSBe scores were plotted in the figures, except for the effect of surgery on FrSBe
ratings in patients with complete data (i.e., Figure 3).

2.4.1. Effect of GVC Surgery on Self and Family Rated Frontal Lobe
Functions—An initial LME model examined the effect of surgery on frontal lobe
functions within the subset of patients for whom pre- and post-surgery data were available
from both self and family raters for the same individual (n=9). FrSBe T-scores constituted
the dependent variable. Predictors entered into the model included categorical variables

for surgery (pre- or post-), rater (self or family), and the interaction of surgery and rater,
allowing for direct examination of within-subjects effects of rater by surgery in this patient
subsample. This LME model was constrained to the first follow-up after surgery (mean days
after surgery = 274, SD = 90, range = 155 - 405), for which the most data were available.

Given the limited number of patients with complete data, a subsequent LME analysis

sought to contextualize these subsample analyses within the entire dataset and leveraged

all available FrSBe assessment data, including self and family ratings, both pre- and post-
surgery, regardless of whether multiple corresponding time points or raters were available
for a given patient. Surgery (pre- or post-), rater (self or family), and their interaction were
entered as predictors of FrSBe T-scores, with number of days before and after surgery
(relative date) included as a covariate. Although this allowed for use of data from all patients
with FrSBe assessments at any time point, many individuals had FrSBe ratings either only at
a pre- or post-surgical visit and both self and family ratings were not always available for a
given time point. As such, within-subjects comparisons of rater by surgery in these analyses
of the entire sample are difficult to interpret at the individual patient level.

Given these limitations on our ability to interpret within-subjects comparisons of rater by
surgery due to inconsistent FrSBe assessments available in the entire patient sample, two
distinct LME models using all available data for self- and family-rated assessments were
conducted in order to investigate the effect of surgery on self and family FrSBe ratings
separately, and included relative date as a covariate.

Finally, to examine whether patient and family members had similar evaluations of patient
behavior pre- and post-surgery, a Pearson’s correlation coefficient between self- and
family-rated FrSBe total scores was calculated both pre- and post-surgery, and aggregating
data over pre- and post-surgery. For each patient, each self rating was matched with a
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corresponding family rating from the same assessment date. If no exact date match could
be found, we matched it with the closest family rating in time, so long as the ratings were
less than 1 year apart. Since Pearson’s correlation assumes all data points are independent,
all post-surgery assessments for a given patient were averaged to yield a single post-surgery
score per patient. In order to account for multiple samples from a given patient, we also

fit a LME model that predicts self ratings as a function of family ratings, with random
slopes for family ratings, grouped by patient. Finally, an additional LME was conducted to
test for change in the self and family relationship after surgery. Self ratings constituted the
dependent variable, while family ratings, surgery, and the interaction between surgery and
family ratings were included as predictors, with random slopes for family ratings grouped by
patient.

2.4.2. Self and Family Rated Frontal Lobe Functions and Task-based
Executive Function—To examine the relationship between self- and family-rated frontal
lobe function with performance on a task-based measure of executive function, two distinct
LME models were calculated using either self- or family-rated FrSBe total scores to predict
perseverative errors on the WCST. In each LME model, FrSBE total scores, surgery,

and their interaction were entered as predictors of perseverative errors on the WCST.
Additionally, two analogous LME analyses were also conducted to predict the WCST
learning-to-learn score and similarly included as predictors the FrSBe total scores (self- or
family-assessments entered separately), surgery, and their interaction.

2.4.3. Self and Family Rated Frontal Lobe Functions and OCD Symptom
Severity—Two linear mixed-effects models were also used to assess the relationship
between self- and family-rated frontal lobe functioning (FrSBe) with OCD symptom severity
(Y-BOCS), both pre- and post-surgery. The first LME was performed on FrSBe self ratings,
while the second LME was performed on family ratings. Y-BOCS total score was the
dependent variable, with the following predictors: FrSBe total scores from either self- or
family-assessments, surgery, and the interaction of surgery with FrSBe total score.

2.4.4. Frontal Lobe Functions and Depressive Symptoms—To ensure that
changes in frontal lobe functions after surgery were not potentially driven by changes
in depressive symptoms, we conducted a control analysis to account for the potential
contribution of depression severity (HDRS) on changes in FrSBe ratings pre- and post-
surgery. LME models included the following predictors of FrSBe scores: HDRS scores,
surgery, and the interaction of surgery with HDRS scores.

2.4.5. Multiple Comparisons Correction—The threshold for statistical significance
was corrected for multiple comparisons within each specific hypothesis using the Bonferroni
method. Given the potential for deleterious effects of surgery on frontally-mediated
behaviors (FrSBe) and the need for sensitive analyses within a potentially vulnerable
population in which any statistically significant effects might be of great clinical significance
and thus should not be ignored, primary analyses of the effects of surgery on FrSBe total
scores were not corrected for multiple comparisons. These primary analyses include the
effect of surgery and rater on FrSBe total scores in the 9 patients with complete data (Table
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3, Model 1) and in the full patient sample (Table 3, Model 2), as well as the effect of
surgery on self ratings (Table 3, Model 3) and family ratings (Table 3, Model 4) in the

full sample. Additional tests of the effects of surgery on FrSBe subscales were corrected
for multiple comparisons (resulting in a significance level of alpha = 0.05 /3 = 0.017 for
the three subscales). Analyses assessing potential changes in insight in the 9 patients with
complete data, including FrSBe Item 13 and differences between self and family ratings

for total scores and subscales, were corrected for the 5 tests performed (alpha = 0.05/5

= 0.01). Pearson correlations between self and family FrSBe ratings (Results section 3.3)
were corrected across two time points (before and after surgery), yielding alpha =0.05/2 =
0.025. LME models testing whether surgery changed the correlation between self and family
ratings (Table 3, Model 5) were corrected across total scores and three subscales, yielding
alpha=0.05/4 =0.0125.

For analyses examining associations between FrSBe ratings and WCST performance,
multiple comparisons corrections were applied within rater for the two WCST performance
variables evaluated (perseverative errors and learning-to-learn), resulting in a significance
level of alpha = 0.05/ 2 = 0.025. Analyses of self and family FrSBe ratings associated

with Y-BOCS scores were treated as separate hypothesis tests; however, additional analyses
of the relationships between Y-BOCS with FrSBe subscales were corrected for multiple
comparisons (alpha = 0.05/ 3 = 0.017, for three subscales), as were Pearson correlations
between FrSBe total scores and Y-BOCS scores across multiple timepoints (alpha = 0.05/
3 =0.017, for three time points). For control analyses accounting for depression severity
(HDRS) in statistical tests of the effects of surgery on FrSBe ratings, multiple comparisons
correction was applied across the three FrSBe subscales (alpha = 0.05/3 = 0.017 for

three subscales). In the Results section, the Bonferroni-corrected significance threshold is
indicated whenever multiple comparisons corrections were performed, except when the
uncorrected effects were not significant to begin with.

3. Results

3.1. Patient Sample Characteristics

To assess the degree of clinically significant frontal lobe behavioral symptoms patients
exhibited before and after surgery, the mean FrSBe T-scores and percentage of patients in
the clinically elevated range (T-score = 65) at baseline and across multiple post-surgical
follow-up time points are reported in Table 2. Of note, the precise patients represented at
each time-point differ depending on the availability of assessment data. At baseline, more
than half of patients exhibited FrSBe total scores in the clinically elevated range, based
on both self (61.3%) and family (57.1%) ratings; baseline sample mean performance on
the WCST was intact in the broad average range (5.6% impaired on perseverative errors,
11.8% of scores were <16th percentile on learning-to-learn); and 78.9% of patients exhibited
comorbid depressive symptomatology at baseline in at least a moderate severity range,
HDRS total > 20 (Table 2).

Neuropsychologia. Author manuscript; available in PMC 2023 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kassel et al. Page 13

3.2. Effect of GVC surgery on Self and Family Rated Frontal Lobe Functions

Given that many patients within the broader sample did not have corresponding pre- and
post-surgical assessments from both self- and family raters, an initial LME analysis was
performed with the 9 patients for whom within-subjects comparisons were possible, as both
self and family ratings assessed at baseline and post-surgical follow-up were available for
these patients. The analysis was constrained to the first follow-up after surgery available in
all 9 patients. This allowed for direct within-subjects comparison of self and family ratings
pre- and post-surgically. For total scores, a significant surgery (pre vs. post) by rater (self vs.
family) interaction was found, #(32) = -2.04, p = .049, suggesting that the effect of surgery
on self-ratings was significantly different from the effect of surgery on family ratings (Table
3, Figure 2). No main effects of rater or surgery were evident (all p> 0.5). While subscale
analyses revealed a similar pattern of results qualitatively, the interaction between surgery
and rater was not significant for any of the FrSBe subscales: apathy, #(32) = -1.86, p=
0.07; disinhibition, #(36) = -1.74, p=0.09; executive dysfunction, #(36) = -1.61, p=0.12
(Figure 2). Additionally, no significant main effects of surgery or rater were observed for the
FrSBe subscales (all p> .05).

This interaction between rater and surgery indicated that patient ratings of frontal lobe
symptoms differed from those of their family members after surgery. As this could be a

sign of a failure of patient insight into their own behavior after surgery, we sought to more
specifically test if surgery was associated with a change in patient insight after surgery
within this subset of patients where within-subject comparison of self and family ratings
pre- and post-surgery was possible (n=9). We first examined item 13 of the FrSBe (‘Denies
having problems or is unaware of problems or mistakes’), which we reasoned would more
explicitly measure patient insight and awareness. As these FrSBe item 13 scores were not
normally distributed, we calculated the difference between post- and pre-surgery ratings for
both self and family raters and submitted the difference scores to a non-parametric Wilcoxon
signed rank test. The test revealed a significant effect, such that family ratings of FrSBe
item 13 increased after surgery, whereas self ratings did not (see Supplementary Figure 1),
though this did not survive multiple comparisons correction (p = 0.03 uncorrected; corrected
alpha = 0.01). In other words, family members rated patients as more unaware of deficits
after surgery. We also compared the difference in family and self-rated FrSBe total scores

in this same subset of patients at baseline and in first post-surgery follow-up. While there
was a trend toward patients rating themselves as less impaired compared to family member
ratings, this was not statistically significant (Within-subjects t-test: #(8) = 1.93, p=0.09;
Supplementary Figure 2). Similarly, there were no differences in this measure for the FrSBe
subscales (all ¢< 1.75, p= 0.1, uncorrected). Thus, within this subset of patients (n=9), there
were only trending effects to indicate a deficit in patient insight.

In order to quantify and contextualize the effect of surgery on FrSBe ratings within the entire
patient sample, we examined all available data across all time points, regardless of whether

a pre- and post-surgery self- and family-rated assessment were each available for a given
patient. LME models including all longitudinal FrSBe assessment data were performed, with
surgery (pre vs. post), rater (self vs. family), and their interaction to predict FrSBe scores

for total scale and subscales separately. For total scores, results revealed no main effect of
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surgery or rater, nor an interaction of surgery by rater (all p> .05; Table 3, Figure 3). A
similar pattern of results was evident for the apathy and executive dysfunction subscales, (all
p>.05); however, a main effect of rater (self vs. family) was observed for the disinhibition
subscale (#149) = 3.22, p=0.002), such that patients rated themselves as significantly more
disinhibited than family member ratings, which remained significant after correction for
multiple comparisons (corrected alpha = 0.017 for the three subscales).

Given the previously noted discrepancy between self and family ratings post-surgery in

the subsample of 9 patients with complete data, we wanted to ensure that any potential
effects of surgery in the full patient sample were not obscured by including both self and
family raters in the same model. To investigate this, two separate LME models for self and
family ratings were computed. All patients and time points were included in these models
regardless of whether they had both pre- and post-surgical ratings. A linear mixed effects
model with surgery as a predictor of self-rated FrSBe total scores, and humber of days
post-surgery as a covariate, revealed a significant decrease in self-ratings after surgery, {77)
=-3.29, p=.0015 (Table 3, Figure 2). Similarly, the reduction in self-ratings after surgery
was significant for the apathy ({77) = —2.51, p=0.014), disinhibition ({78) = -3.01, p
=0.0035), and executive dysfunction ({78) = -2.84, p= 0.006) subscales, after correction
for multiple comparisons (corrected alpha = 0.017 for the three subscales). In contrast to
self ratings, an analogous LME model for family-rated FrSBe total scores indicated no
significant difference in family ratings as a result of surgery, {70) = -1.86, p= 0.068 (Table
3, Figure 3). Examination of the FrSBe subscales similarly indicated no significant change
in family ratings for apathy #69) = —1.23, p=0.22; disinhibition: {70) = -1.46, p=0.15;
and executive dysfunction: {70) = -1.62, p= 0.11. Taken together, patients rated themselves
as having significantly improved frontal lobe behaviors after GVC surgery, whereas no
significant change in patient frontal lobe functions was apparent based on collateral reports
of family members.

3.3. Association between Self and Family Ratings of Frontal Lobe Functions

Given the significant effect of surgery on self, but not family, FrSBe ratings, we assessed
whether self and family ratings became decorrelated after surgery. If the improvement in
self-reports after surgery was due to lack of insight, then we hypothesized that self-ratings
would become decorrelated from family ratings after surgery. Instead, for total scores, we
found no correlation between self and family ratings at baseline (= 0.09, p=0.71, n = 20),
and a significant positive correlation between self and family ratings after surgery (r=0.51;
p=0.02, n =33; Figure 4; corrected alpha = 0.025 for the two time points tested). In fact,
the correlation between self and family ratings across all data points, both before and after
surgery, was significant at 7= 0.35, p=0.03, n = 53. This pattern of results was qualitatively
similar across subscales, with the correlation between self and family ratings numerically
higher after surgery compared to before surgery.

To test whether GVC surgery significantly changed the relationship between self and family
ratings, we fit a LME model to predict self ratings as a function of family ratings, surgery,
and the interaction between surgery and family ratings. There was no significant interaction
between surgery and family ratings on self ratings for total scores or any of the subscales
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(total scores: #49) = 0.13, p=0.90; apathy: £49) = 1.93, p= 0.06; disinhibition: {50)
=-1.67, p=0.10; executive dysfunction; {50) = 0.19, p= 0.85; Table 3). Thus, we did
not find evidence that the GVC surgery changed the relationship between self and family
ratings.

3.4. Self and Family Rated Frontal Lobe Functions and Task-based Executive Function

We next tested whether self or family-rated FrSBe total scores were associated with
performance on the WCST, a task-based measure of frontal lobe function (Milner, 1963,;
Nyhus & Barceld, 2009). Results of separate LME models for self- and family-rated FrSBe
total scores revealed no significant effects of FrSBe total scores on perseverative errors in
the WCST, nor an interaction between FrSBe total scores and surgery (all p> .05; Table
4). Results of analogous LMEs to predict WCST learning-to-learn scores were likewise
not significant for FrSBe total scores, surgery, or their interaction (all p> .05; Table 4).
Thus, there was no association between FrSBe ratings and WCST perseverative errors or
learning-to-learn scores.

3.5. Self and Family Rated Frontal Lobe Functions and OCD Symptom Severity

We next assessed the relationship between frontal lobe behavior ratings and obsessive-
compulsive symptom severity. Including all patients and time points, two distinct LME
models were conducted for self and family ratings, with FrSBe total scores, surgery, and
their interaction as predictors of Y-BOCS scores.

The LME model for self-rated FrSBe scores revealed a significant main effect of surgery

on Y-BOCS (472) = -6.07, p<.0001), and a significant interaction of surgery with FrSBe
total scores ({72) = 3.91, p=.0002), such that the correlation between self-rated FrSBe

and Y-BOCS was significantly stronger after surgery (Table 5). Subscale results similarly
demonstrated significant main effects of surgery on Y-BOCS and interactions of surgery
with FrSBe scores for apathy ({72) = 3.12, p=.003), disinhibition ({72) = 2.73, p=.008),
and executive dysfunction (472) = 3.93, p < .001), corrected for multiple comparisons (alpha
= 0.017 for the three subscales).

The LME model for family-rated FrSBe total scores similarly yielded a significant main
effect of surgery on Y-BOCS scores (465) = —5.06, p < .0001) and a significant interaction
of surgery with family-rated FrSBe scores, such that FrSBe and Y-BOCS scores were
significantly correlated after surgery (465) = 2.70, p=.009; Table 5). These results were
qualitatively similar for each of the subscales, although the interaction between surgery
and family-rated FrSBe did not survive multiple comparisons correction (corrected alpha =
.017).

When comparing the two separate models, the overlap of the 95% confidence intervals (CI)
for the interaction between surgery and FrSBe self (95% CI: 0.16 - 0.50) and family (95%
Cl: 0.06 - 0.40) ratings suggest that the relationship between Y-BOCS and FrSBe did not
differ for self compared to family ratings. The same was evident in each of the subscales.

Post hoc Pearson’s correlations were subsequently computed to evaluate the association
of FrSBe ratings and Y-BOCS scores at distinct time windows (pre-surgery, <1.5 years
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and 1.5-5.5 years post-surgery). For patients who had both Y-BOCS and FrSBe scores

at baseline, no significant correlation between the two measures was detected, either for
self-rated (r=-0.20, p= .30, n = 30) or family-rated (r=-0.13, p= .51, n = 28) FrSBe
scores (Figure 5A). However, within 1.5 years after surgery, there was a significant positive
correlation between Y-BOCS and self-rated FrSBe scores (r= 0.53, p=.01, n = 23),
though only a non-significant positive relationship for family ratings (r=0.29, p=.25,n =
18; Figure 5B). For subsequent follow-ups (between 1.5-5.5 years) the positive correlation
between Y-BOCS and FrSBe scores was significant for both self (r=0.82, p<.01), and
family (r=0.71, p=.01, n = 11; Figure 5C) ratings (corrected alpha = 0.017 for the three
time points tested). The significant correlation between family-rated FrSBe and Y-BOCS
after surgery in the mixed-effects model, but not in the simple Pearson’s correlations for
the 1.5-year follow-up, may be due to the ability of the mixed effects model to capture
within-subject effects. In fact, while Figure 5B shows a non-significant correlation between
Y-BOCS and FrSBe family ratings across patients, Figure 6 shows that the correlation within
patients over time was significant, such that as Y-BOCS scores decreased over time for a
given patient, FrSBe self and family ratings tended to decrease as well.

Exploratory analyses were conducted to assess whether baseline FrSBe was a predictor

of change in Y-BOCS after surgery. The relationships between pre-surgical self- and
family-rated FrSBe scores with percent change in Y-BOCS were assessed using Pearson’s
correlations for total and subscale scores. Lower pre-surgical self-rated disinhibition (7=
0.36, p=.05) and FrSBe total scores (r= 0.36, p=.05) were marginally associated with
greater reduction in Y-BOCS scores post-surgery; however, these effects did not survive
correction for multiple comparisons (corrected alpha = 0.0125 for the total and 3 subscale
tests; see Supplementary Figure 3). No such effects were found for family ratings (see
Supplementary Figure 4).

In sum, while Y-BOCS and FrSBe scores were not correlated at baseline, significant positive
correlations emerged after surgery for both self and family ratings, indicating that those
patients who had reduced OCD symptom severity post-surgery also showed improvement on
both self-rated and family-rated daily behaviors associated with frontal lobe function.

3.6. Frontal Lobe Functions and Depressive Symptoms

Given the frequent comorbidity of depressive symptoms with OCD (Lochner et al., 2014;
Pallanti et al., 2011) and high comorbidity rate observed in our sample, additional analyses
were performed to ensure that the significant reduction in self-rated FrSBe impairments
after surgery were not solely driven by a concomitant reduction in depression. As such,

we examined whether the reduction of self-rated FrSBe scores after surgery remained
significant when accounting for depression severity in the model. Including all patients and
time points, an LME model with HDRS scores, surgery, and their interaction were entered as
predictors of FrSBe self-rated total scores. Results revealed a main effect of surgery (£70) =
-3.14, p=.002) and a significant interaction of surgery by HDRS depression scores (£70) =
2.77, p=.007) such that the correlation between self-rated FrSBe and HDRS increased after
surgery and no main effect of HDRS was found (Table 6; Supplementary Figure 5) together
suggesting that changes in depression severity as a result of surgery did not account for the
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improved self-ratings on the FrSBe post-surgery. Notably, the same pattern of results was
evident for the apathy (main effect of surgery, {70) = —2.50, p=.015; interaction of surgery
by HDRS, {70) = 2.70, p=.009; no main effect of HDRS, £70) = 1.17, p=.245) and
executive dysfunction (main effect of surgery, {70) = —2.70, p=.009; interaction of surgery
by HDRS, {70) = 2.22, p=.030; no main effect of HDRS, £70) = 0.76, p= .448) subscales,
similarly indicating that improvements in self-rated apathy and executive dysfunction were
not accounted for by reduced depression severity post-surgery (corrected alpha = 0.017 for
the three subscales). No significant findings were observed for the disinhibition subscale (no
main effect of surgery, {70) = -1.90, p=.062; no interaction of surgery by HDRS, {70) =
0.67, p=.504; no main effect of HDRS, {70) = 0.62, p=.539).

4. Discussion

The present study sought to investigate changes in behaviors associated with frontally-
mediated neural circuitry following gamma ventral capsulotomy (GVC) in individuals

with treatment refractory OCD. We compared patient self-reported ratings of frontal lobe
functions with reports of family members using the FrSBe scale. We also examined whether
self and family ratings of frontal lobe behaviors predicted performance on the Wisconsin
Card Sorting Test (WCST), a task-based measure of executive functioning. Finally, we
investigated the association between OCD symptomatology and frontal lobe behaviors. Our
results indicated that GVVC did not cause worsening of frontally-mediated behaviors in

daily life, as measured by the FrSBe. Rather, patients rated themselves as exhibiting less
frontal behavior dysfunction post-surgically, even after accounting for changes in depression
severity. This self-reported improvement in frontally-mediated behaviors was related to
decreased obsessive-compulsive severity. OCD symptom severity improved after surgery,
consistent with prior studies (D'Astous et al., 2013; McLaughlin et al., 2021; Miguel

et al., 2019; Rasmussen et al., 2018). However, family ratings of frontal lobe functions
(FrSBe) and performance on a task-based measure of executive function (WCST) did not
change significantly following surgery. In summary, we did not find evidence that focal
ablation to the anterior limb of the internal capsule had deleterious effects on frontally-
mediated behaviors in patients with treatment refractory OCD. We did, however, find a
difference in self-reported versus family-reported frontal lobe functioning. That is, we found
a significant difference in the effect of surgery on self-ratings compared to family-ratings in
the subsample of patients for whom both self and family ratings were available before and
after surgery. We consider the implications of this observation below.

First, this discrepancy between the effects of surgery on self and family ratings was only
evident in a subset of patients. In the full sample, family ratings of frontal lobe dysfunction
also trended toward improvement after surgery and over the long term. However, fully
characterizing this interaction was only possible in this subset of patients who had complete
data. Further, as this discrepancy points to the potential for change in insight or awareness
following GVC, we believe that continued research into these effects is essential. Multiple
interpretations to account for this difference in self and family ratings after surgery are
plausible and we consider each in turn below.
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One possibility is that patients may perceive an improvement in their behavior due to a
desire for the treatment to work, akin to a placebo effect. However, a subset of patients

who were initially treated with only a single shot of gamma radiation hypothesized to be
efficacious showed no change in Y-BOCS scores after this surgery, and thus did not appear
to demonstrate a placebo effect (Rasmussen et al., 2018). Additionally, using an identical
double shot GVC surgical procedure as in our study, Lopes et al. (2014) also found that
improvements in Y-BOCS scores were greater after GVC for treatment-refractory OCD
compared to a sham control group. Thus, a placebo effect influencing patients’ perception of
improvement in their behavior is an unlikely explanation.

Two additional accounts of this difference in self and family ratings may relate to functional
implications of the deep frontal white matter connections targeted by this surgery, though
additional work will be required to distinguish between these accounts as the present

study unfortunately lacks sufficient data and specificity of measures administered to
comprehensively address potential changes in patient insight and awareness. One possibility
is that patients have diminished insight into their behavior and daily functioning. Indeed,
fMRI studies of metacognitive processing and self-awareness have heavily implicated
ventromedial prefrontal cortex (Denny et al., 2012; Qin & Northoff, 2011; Vaccaro &
Fleming, 2018), and frontal lobe damage, particularly in the ventromedial aspect, has

been associated with impairments of insight (Barrash et al., 2000; Beer et al., 2006;

Wilson, 1996). Prior work in a non-surgical sample of treatment refractory OCD has

shown a similar pattern of discordant patient self and family-ratings, with family members
reporting greater frontally-mediated behavior dysfunction relative to patient self-report
cross-sectionally (Batistuzzo et al., 2009). Notably, self and family ratings did not differ

in the healthy comparison group, leading the authors to conclude that treatment-refractory
OCD patients may have limited insight into their behaviors (Batistuzzo et al., 2009). In
contrast to that study, our data did not show a difference between self and family ratings

at baseline, suggesting that limited insight was not a likely factor pre-surgically. Rather, the
ratings only differed post-surgically, with a decrease in the self ratings and no change in

the family ratings. Riick and colleagues (2008) similarly described discrepancies between
patients’ subjective evaluation of improvement in daily functioning and the report of patient
relatives; however, methodological concerns such as retrospective collection of behavioral
and functional measures notably limit interpretation of their findings.

While our findings in the full sample largely argue against the interpretation that patient
insight decreased after surgery, the evidence in the subset of patients with complete data is
mixed and therefore this possibility warrants consideration. In this patient subset, analysis of
the sole FrSBe item that directly probes patient insight and awareness indicated a decrement
after surgery that was detectable by family members, but not by patients. However, this
effect did not survive multiple comparisons correction. Additionally, direct comparison of
the discrepancy of patient and family ratings of the full FrSBe scale in this subset also
trended toward patients perceiving less frontal behavior dysfunction post-surgery compared
to family members, though this result was not statistically significant. Previous studies have
found that lack of insight correlates with other frontal lobe deficits, particularly disrupted
socio-emotional functioning in patients with vmPFC lesions (Barrash et al., 2021; Barrash
et al., 2018). Given this pattern, there would be reason to suspect that a loss of patient

Neuropsychologia. Author manuscript; available in PMC 2023 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kassel et al.

Page 19

insight might also be associated with evidence of worsening frontal lobe symptoms in family
ratings on the FrSBe. However, in our study, given that family members did not report
decline in patient frontal lobe behaviors overall, it is difficult to cite reduced patient insight
stemming from frontal damage as the primary driver of the change in self ratings. Moreover,
if patients entirely lacked insight after surgery, we would expect either no correlation or

a negative correlation between self and family ratings. Instead, we found a significant
positive correlation between self and family ratings after surgery. As mentioned above,
performance remained stable on the WCST, a task-based measure of executive functioning,
though this finding may likely be associated with intact dIPFC connection in the more

focal ablative procedure used in our study. Further, OCD symptom severity measured by

the Y-BOCS improved after surgery. Improvement on the Y-BOCS was highly correlated
with improvement in self-reported frontal behavior ratings, which suggests that these ratings
tapped into a general improvement in functioning. Of note, the Y-BOCS is clinician-rated
based on a patient interview, and it is thus possible that clinician ratings reflect a general
sense of improvement conveyed by patients without measurable behavioral improvements

in everyday life. However, the correlation observed between Y-BOCS and family ratings of
frontal lobe behaviors renders this interpretation less likely and may instead indicate that the
two measures tracked genuine improvement in behavior assessed by clinicians and family
members post-surgery.

Considering the above, it is possible that self-ratings reflect a genuine improvement in
frontally-mediated behaviors, and that the lack of immediate improvement in family-ratings
results from less sensitivity of family members to patients’ daily behavioral functioning, as
some of the items on the FrSBe scale are more self-referential and may not be accessible

to family members (e.g., ‘Is interested in sex’). This may have led to a delay in family
members detecting improvement, resulting in the non-significant trend (p < .068) toward
improved frontal lobe functioning in family ratings, observed in our full sample. While all
three accounts are possible, the evidence is less consistent with a change in patient insight
or a placebo effect for the entire sample, and seems more consistent with reduced sensitivity
of family members relative to self reports. Nonetheless, given the findings in the subset of
patients with complete data we cannot confidently rule out that patient insight is not limited
as a consequence of GVC.

In addition to comparing self and family ratings of frontal lobe behaviors via the FrSBe,

we also examined the association between the FrSBe ratings and OCD symptom severity
measured by the Y-BOCS. We found a significant correlation between Y-BOCS and FrSBe
ratings after surgery, but no correlation at baseline. The lack of a correlation at baseline

may have been due to the restricted range of most Y-BOCS scores being at ceiling in this
sample based on inclusion criteria, thereby reducing the variance and limiting detection of

a correlation. Batistuzzo et al. (2009) did not observe a correlation between FrSBe and
Y-BOCS scores in a non-surgical, albeit similar, refractory OCD sample. Akin to our sample
at baseline, ceiling effects on Y-BOCS in their sample may have also limited the ability

to detect a correlation with FrSBe scores. However, it is also possible that the Y-BOCS

and FrSBe scales capture different aspects of pathology and that these two measures only
become correlated after surgery because patients and family members are reporting general
improvement in functioning. A similar pattern was observed for correlations between FrSBe
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and depressive symptoms measured by the HDRS, which became significant only after
surgery, lending further support to this interpretation. In addition, exploratory analyses
showed that lower self-rated FrSBe total and disinhibition scores at baseline marginally
correlated with greater reduction in Y-BOCS symptom severity after surgery; however, these
effects did not survive multiple comparisons correction. Further replication of these results
in a separate sample is needed to draw conclusions about the value of baseline FrSBe as a
predictor of obsessive-compulsive symptom improvement following ventral capsulotomy.

Finally, we found no correlation between either self or family behavior ratings and
performance on the WCST, as measured by the number of perseverative errors and the
learning-to-learn score. The lack of a correlation between behavior ratings that probe
executive function in daily life and the task-based WCST may not be surprising, since
these measures from the WCST are only a small component of the types of behaviors the
FrSBe questionnaire is designed to assess. In fact, neuropsychological tests of executive
functioning have limited ecological validity in predicting questionnaires that measure real-
world behaviors and daily functioning (Burgess et al., 2006; Chan et al., 2008; Chaytor &
Schmitter-Edgecombe, 2003; Chaytor et al., 2006), suggesting that they capture different
sources of variance.

Additionally, in our sample, we did not find significant impairment in WCST performance
either before or after surgery. Prior meta-analyses in non-surgical OCD samples with
varying levels of severity have found lower performance on multiple task-based measures

of executive function relative to healthy comparisons, although findings of impairment in
WCST performance have been mixed (Shin et al., 2013; Bora 2020; Abramovitch et al.,
2013). However, the surgical sample in the current study likely differs from the majority of
OCD samples recruited from the general population for comparison with healthy controls on
task-based measures of cognition.

Past work has found evidence of significant frontal lobe dysfunction and personality change
following capsulotomy in a subset of patients (Mindus et al., 1999; Ruck et al., 2008).
Notably, the lesions in these studies were larger and more dorsal within the internal

capsule compared to those in the GVC procedure described in our study (Miguel et al.,
2019; Rasmussen et al., 2018). Likely, the procedures that created larger lesions caused
damage within fibers originating from dIPFC and IOFC — whereas the GVC procedure
used here, where the lesions were smaller and more ventral, likely primarily affected

fibers originating from vmPFC and mOFC (Miguel et al., 2019; Rasmussen et al., 2018).
Furthermore, prior studies demonstrating performance decline on the WCST after GVC
surgery were also limited by larger capsular lesions (Nyman & Mindus, 1995; Riick et

al., 2008). Given that our patient sample was not impaired on WCST at baseline, these
findings of stable performance with dIPFC connections intact suggest that prior reports

of post-surgical decline in task-based measures of executive function were likely related

to disrupted dIPFC connections due to larger capsular lesions. Thus, while it is possible
that the effects of the GVC procedure described here had minimal deleterious impact on
frontally-mediated behaviors and executive functions, we cannot rule out that our measures
were not sensitive enough to detect an impact of these lesions, perhaps in other functional
domains not assessed by WCST or FrSBe.
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Large scale studies of patients with focal frontal lobe lesions have generally implicated

the anterior cingulate, dIPFC and underlying white matter in WCST performance, with
relatively minimal impact for lesions in vmPFC or OFC in WCST performance (Glascher

et al., 2012; Gléscher et al., 2019; Milner, 1963). Damage to the ventromedial frontal

lobe may also cause more specific changes in personality and behavior related to socio-
emotional functioning, decision-making, insight, and initiative (Barrash et al., 2021; Barrash
etal., 2000; Yu et al., 2020). While items interrogating these functions are contained

within the FrSBe, the total score and subscales may not be particularly sensitive to
domain-specific dysfunction. Examining the impact of GVC on social and decision-making
behavior with more precisely tailored ecological and task-based measures would be fruitful
to establish whether GVC surgery spares these functions. Greater depth and breadth of
neuropsychological testing and ecologically valid behavioral measures with higher construct
precision are needed. For example, specific measures probing metacognitive processes and
insight in experimental settings (Fleming et al., 2014), as well as scales aimed at evaluation
of self-awareness and insight in daily functioning (Barrash et al., 2000; Beck et al., 2004),
and careful comparison of self and informant accounts, will all be needed in future work.

There are other significant limitations to this study worth noting. While the sample size of
this study was comparatively large for a capsulotomy psychiatric neurosurgical population
(Brown et al., 2016; Csigé et al., 2010; D'Astous et al., 2013; Kondziolka et al., 2011;

Liu et al., 2008; Lopes et al., 2009; Oliver et al., 2003; Ruck et al., 2008; Sheehan et

al., 2013), FrSBe assessments were inconsistently collected over the course of this study.
Thus, there were only a small number of cases where these data were available pre- and
post-surgery with both self and family assessments, making it challenging to draw strong
conclusions about differences in how raters perceived changes in frontal lobe behaviors over
time. In part, this reflects the challenges of administering long-term follow-up assessments
for patients who were spread out across the United States, necessitating travel for the highly
specialized GVC procedure initially and for follow-up evaluations. Thus, patients may have
been lost to follow-up at various time points due to difficulty re-contacting patients or
patient family members, and variable interest in returning for further assessment, among
other potential barriers. Nonetheless, greater consistency in the administration of follow-up
assessments from multiple raters will be necessary to evaluate the efficacy and risks of this
procedure in future studies.

Another issue, common to studies of psychiatric neurosurgery, is that there was no
comparable group of refractory OCD patients to serve as a control for the effects of
GVC. The lack of such a control group makes it difficult to differentiate the effects of
GVC on frontal lobe function from a possible general reduction in symptom severity with
time or aging. Our results could also reflect a regression toward the mean — as Y-BOCS
scores are definitionally near or at ceiling in these patients pre-surgically, their symptom
severity would be more likely to drop over time, if only due to the range of this measure.
However, it is unclear whether assessments of frontal lobe functions would also exhibit
regression to the mean given that FrSBe scores were elevated though not at ceiling. One
challenge to including a control group is that withholding a potential treatment for refractory
OCD poses ethical challenges thereby limiting opportunities to study refractory OCD
patients longitudinally. Other work that has examined refractory OCD patients with sham
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surgery over the course of a year found a trend toward improvement in OCD symptoms

that was smaller than the improvement in the GVVC group tracked over the same period
(Lopes et al., 2014). However, there is less information about the expected trend for OCD
symptomatology or frontal lobe functioning in GVC patients for longer term follow-ups akin
to those examined in this study.

Complete rule out of the possibility of a placebo effect driving the improvement in patient
self-report would require sham surgery and double-blinding in future studies. While there

is a need for sham control groups, conducting such studies are immense undertakings

and ethical considerations of withholding treatment would preclude long-term follow-up
assessments with a sham control. However, blinding non-neurosurgery clinicians involved in
assessing surgical outcomes to the stage of care (pre- or post-surgery) can help to prevent
bias in the evaluation of change in OCD symptomatology. Preferably, clinicians involved

in evaluating study outcomes would be independent of those involved in the design and
implementation of the psychiatric neurosurgery.

In conclusion, we found no evidence that GVC impaired frontal lobe functions as
assessed by self and family ratings of everyday behaviors on the FrSBe in patients with
refractory OCD. Indeed, frontally-mediated behaviors appeared to improve, or at least not
substantially change, as rated by the patients themselves versus their family. However, we
cannot conclusively rule out the possibility that a placebo effect or impairment in patient
insight may have contributed to improvements in self-ratings of behavior post-surgery.
Our results indicate the need for future work that systematically examines the effects of
ventral capsulotomy on patient insight and uses placebo-controls and blinding of clinician
assessments to rule out these possible alternative explanations. While gamma ventral
capsulotomy may provide an effective treatment for refractory OCD, assessing the effects
of this procedure on frontal lobe functions will require future work that examines the
longitudinal consequences of this surgery with greater systematic detail.
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Highlights
. Ventral capsulotomy is a treatment for intractable obsessive-compulsive
disorder
. Impact of gamma ventral capsulotomy on frontal behaviors remains unclear
. No significant declines in frontal lobe functioning found post-surgery
. Self but not informant reports of frontal behaviors improved post-surgery
. Assessment of metacognition after ventral capsulotomy may be beneficial
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Figure 1.
T1-weighted magnetic resonance imaging acquired 12 months post-surgery showing double

shot GVC bilateral lesions of the ventral portion of the internal capsule, visualized in the
coronal (left) and axial (right) planes.
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Figure 2.

Mean FrSBe scores at baseline and the first follow-up after surgery, for the 10 patients for
whom within-subject comparisons were possible. Error bars represent standard errors of the
mean across the 10 patients. One of the patients had too many missing items in the Apathy
subscale, which also prevented calculation of a Total Score for that patient (n=9).
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Figure 3.
Change in self-rated (left panel) and family-rated (right panel) FrSBe total scores over time

for each patient. The 9 patients who had both self and family ratings pre- and post-surgery
are represented with blue lines. For visualization purposes only, when multiple assessments
were available within a time bin for a given patient, the assessments were averaged to yield a
single score per patient per time bin. The mean and 95% confidence intervals are depicted in
green.
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Figure 4.
Correlation between self and family FrSBe ratings across all time points, 7= 0.35, p=0.03.

Pre-surgical assessments are depicted with blue circles (Pearson’s r=0.09, p=0.71, n = 20),
while post-surgery assessments are depicted with red circles (Pearson’s r=0.51; p=0.02, n
= 33). Samples from the same patient over time are connected by colored lines.
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Figure 5.

Correlation between Y-BOCS and FrSBe scores at (A) baseline, (B) <1.5 years after surgery,
and (C) 1.5 - 5.5 years after surgery, for self (left column) and family (right column) ratings.
When multiple assessments were performed within a time window, they were averaged to
yield a single score per patient.
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Figure 6.
Within- and across-patient correlation between Y-BOCS and FrSBe total scores for both self

(top) and family (bottom) ratings. Filled-in circles represent scores at baseline, while empty
circles represent post-surgery scores. The arrows show within-patient change over time.
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Table 1.

Number of patients with self- and family-rated FrSBe assessments at each time point

Any Available  Both Pre-surgery and

Pre-surgical  pgst-surgical urgen
Baseline ost-surgica Any Post-surgical
Follow-up Follow-up
Family 28 23 14
Both Self and Family 20 19 9

*
Patients had at least 1 FrSBe assessment collected at any of the post-surgical follow-up visits (typically 6, 12, 24, and 60 months, with occasional
longer term following beyond 5 years).

Note. 9 patients had both self- and family-rated assessments pre- and post-surgery.
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Longitudinal assessment of patient frontal lobe function and OCD symptomatology

Table 2.

Page 36

Pre-surgical 6-month 1-year 2-4-year 2 5—year*
Scale baseline follow-up follow-up follow-up follow-up
Frontal Systems Behavior Scale (FrSBe)
Self Family Self Family Self Family Self Family Self Family
T-score 71.87 71.07 60.23 67.00 64.80 62.77 57.11 55.00 67.50 61.06
(mean, SD) (14.50) (17.53) (12.92) (15.54) (16.66) (16.71) (21.31) (16.69) (19.42) (16.80)
Total o4 elevated
(n elevated/ 61.3 57.1 294 66.7 53.3 46.1 333 30.0 50.0 333
total) (19/31) (16/28) (5/17) (8/12) (8/15) (6/13) (3/9) (3/10) (3/6) (3/9)
T-score 85.06 81.36 76.35 79.33 77.13 73.83 66.67 66.80 73.11 66.55
(mean, SD) (17.32) (18.72) (19.13) (18.72) (24.12) (25.18) (24.66) (21.13) (23.90) (21.73)
AP % elevated
(n elevated/ 935 78.6 76.5 75.0 66.67 58.3 44.44 40.0 50.0 44.4
total) (29/31) (22/28) (13/17) (9/12) (10/15) (7/12) (4/9) (4/10) (3/6) (419)
T-score 59.90 51.46 48.53 47.25 54.37 47.23 51.33 42.20 57.94 48.28
(mean, SD) (13.85) (14.50) (12.24) (16.44) (14.19) (11.19) (17.58) (8.32) (12.84) (16.55)
DI Y%elevated
(n elevated/ 35.4 10.7 11.8 16.7 31.2 7.7 22.2 0.0 333 111
total) (11/31) (3/28) (2/17) (2/12) (5/16) (1/13) (219) (0/120) (2/6) (1/9)
T-score 65.42 70.29 56.29 69.42 59.06 61.00 52.89 55.60 64.89 63.56
(mean, SD) (13.46) (17.36) (10.43) (16.63) (12.40) (15.50) (16.26) (18.37) (19.26) (14.24)
ED % elevated
(n elevated/ 51.6 60.7 17.6 66.7 375 46.1 333 40.0 50.0 333
total) (16/31) (17/28) (3/117) (8/12) (6/16) (6/13) (3/9) (4/10) (3/6) (3/9)
Wisconsin Card Sorting Test (WCST)
Standard
score (mean,
SD) 101.31 (21.94) 104.22 (20.30) 105.83 (23.68) 108.25 (27.02) 99.40 (15.36)
PE % impaired
(£2SD) (n
impaired/
total) 5.6 (2/36) 5.6 (1/17) 11.1 (2/18) 8.3 (1/12) 0.0 (0/10)
Raw score
LL (mean, SD) -0.80 (2.77) -0.82 (4.15) 0.52 (2.08) -2.00 (4.20) -1.11 (5.87)
Yale-Brown Obsessive Compulsive Scale (Y-BOCS)
(mean, SD) 33.60 (3.93) 22.68 (7.87) 18.63 (6.93) 14.29 (7.78) 15.55 (10.72)
% elevated
Total  (total > 28)
(n impaired/
total) 94.7 (36/38) 21.0 (4/19) 5.3 (1/19) 0.0 (0/12) 11.1 (1/9)
Hamilton Depression Rating Scale (HDRS)
(mean, SD) 25.66 (8.25) 21.06 (11.00) 16.21 (9.43) 13.50 (7.20) 12.78 (10.99)
% elevated
(total = 20)
(n elevated/
Total  total) 78.9 (30/38) 61.11 (11/18) 31.6 (6/19) 25.0 (3/12) 33.33(3/9)

*
Includes averaged values for 1 patient with multiple assessments in = 5 years.

Note. AP = Apathy, DI = Disinhibition, ED = Executive Dysfunction subscales of the FrSBe; PE = perseverative errors, LL = learning-to-learn on
the WCST. Clinical elevation threshold on FrSBe is T-Scores = 65 for total and subscale scores.
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Table 3.

Linear Mixed Effects results: Effect of surgery on self and family rated FrSBe total scores

95% Cl
Analysis t (df) p Beta
Lower  Upper

FrSBe Ratings
Model 1: Rater by Surgery (within-subjects, n=9)

Main Effect of Surgery 0.50 (32) 617 117 -3.54 5.88
Main Effect of Rater -0.15(32) .885 -0.72 -10.79 9.35
Interaction of Surgery by Rater -2.04(32) .049 -6.39 -12.76 -0.02

Model 2: Rater by Surgery *

Main Effect of Surgery -1.77(148) .078 -74 -1565 0.85
Main Effect of Rater 0.054 (148) .957 022  -7.77 8.21
Interaction of Surgery by Rater -0.30(148) .765 -135 -10.26 7.56

Model 3: Self Ratings*
Main Effect of Surgery -3.29(77) .002 -9.64 -1547 -3.80

Model 4: Family Ratings*
Main Effect of Surgery -1.86(70) .068 -855 -17.74 0.63

Model 5: Self: Family by Surgery*

Main Effect of Family Ratings 1.37 (49) 178 0.25 -0.12 0.62
Main Effect of Surgery -054(49) 593 -7.46 -3536 2043
Interaction of Family by Surgery 0.13 (49) .895  0.03 -0.37 0.42

*
Includes all patients across all time points with available data.

Note. FrSBe = Frontal Systems Behavior Scale; Cl = Confidence Interval. Model 1: Effect of surgery (pre vs. post) and rater (self vs. family)

on FrSBe ratings in 9 patients with both self and family ratings pre-surgery and at first post-surgical follow-up; LME formula: TotalScore ~ 1 +
Rater*Surgery + (1 + Rater + Surgery | PatientID). Model 2*: Effect of surgery (pre vs. post) by rater (self vs. family) on FrSBe ratings; LME
formula: TotalScore ~ 1 + Date + Rater*Surgery + (1 + Rater*Surgery | PatientID) + (Date | PatientID). Model 3*: Effect of surgery (pre vs. post)
on FrSBe self-ratings; LME formula: SelfTotalScore ~ 1 + Date + Surgery + (1 | PatientID). Model 4*: Effect of surgery (pre vs. post) on FrSBe
family-ratings; LME formula: FamilyTotalScore ~ 1 + Date + Surgery + (Date | PatientID) + (1 + Surgery | PatientID). Model 5*: Effect of Family
ratings and surgery (pre vs. post) on Self-ratings; LME formula: SelfTotal ~ 1 + FamilyTotal*Surgery + (1 + FamilyTotal | PatientID). Relative date
(number of days before or after surgery) was included as a covariate in models 2, 3 and 4.
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Linear mixed effects results: Association between WCST perseverative errors and learning-to-learn with self

and family rated FrSBe scores

Table 4.

95% ClI
Analysis t (df) p Beta
Lower  Upper
FrSBe Ratings to predict WCST-PE
Self FrSBe Ratings
Main Effect of Surgery 1.90(70) .062 31.8 -1.66  65.26
Main Effect of FrSBe Ratings 1.64(70) .105 0.37 -0.08 0.82
Interaction of Surgery by FrSBe Ratings -1.57 (70) .120 -0.36 -0.81 0.10
Family FrSBe Ratings
Main Effect of Surgery 0.004 (62) .997 0.06 -36.54 36.67
Main Effect of FrSBe Ratings -0.88(62) .380 -0.20 -0.65 0.25
Interaction of Surgery by FrSBe Ratings  —0.26 (62) .792 -0.07 -0.59 0.45
FrSBe Ratings to predict WCST-LL
Self FrSBe Ratings
Main Effect of Surgery -1.04(66) .304 -3.53 -10.34 3.28
Main Effect of FrSBe Ratings 0.82(66) .414 0.03 -0.05 0.11
Interaction of Surgery by FrSBe Ratings ~ 1.36 (66) .179  0.07 -0.03 0.16
Family FrSBe Ratings
Main Effect of Surgery 0.80(58) 429 242 -3.66 8.51
Main Effect of FrSBe Ratings 1.68(58) .098 0.06 -0.01 0.12
Interaction of Surgery by FrSBe Ratings —0.95(58) .346 -0.04 -0.12 0.04

Note. FrSBe = Frontal Systems Behavior Scale; WCST-PE = Wisconsin Card Sorting Test perseverative errors; WCST-LL = Wisconsin Card

Sorting Test learning-to-learn; CI = Confidence Interval.
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Table 5.

Linear mixed effects results: Association between OCD symptom severity (Y-BOCS) and self and family rated
FrSBe scores

95% ClI
Analysis t (df) p Beta
Lower  Upper

FrSBe Ratings to predict Y-BOCS

Self FrSBe Ratings
Main Effect of Surgery -6.07 (72) <.0001 -35.87 -47.64 -24.09
Main Effect of FrSBe Ratings -0.61 (72) .543 -0.04 -0.18 0.09
Interaction of Surgery by FrSBe Ratings ~ 3.91 (72) <.001 0.33 0.16 0.50

Family FrSBe Ratings
Main Effect of Surgery -5.06 (65) <.0001 -29.05 -40.51 -17.59
Main Effect of FrSBe Ratings 0.91 (65) .368 0.06 -0.07 0.19
Interaction of Surgery by FrSBe Ratings ~ 2.70 (65) .009 0.23 0.06 0.40

Note. FrSBe = Frontal Systems Behavior Scale; Y-BOCS = Yale-Brown Obsessive-Compulsive Scale; CI = Confidence Interval.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Neuropsychologia. Author manuscript; available in PMC 2023 June 06.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kassel et al. Page 40

Table 6.

Linear mixed effects results: Effect of surgery on self-rated FrSBe scores when accounting for depression
symptom severity

95% ClI
Analysis t (df) p Beta
Lower  Upper

Self FrSBe Total Ratings
Main Effect of Surgery -3.14(70) .002 -23.90 -39.08 -8.71
Main Effect of HDRS 0.92 (70)  .360 0.23 -0.27 0.73
Interaction of Surgery by HDRS ~ 2.77 (70)  .007 0.82 0.23 1.41

Note. FrSBe = Frontal Systems Behavior Scale; HDRS = Hamilton Depression Rating Scale; Cl = Confidence Interval.
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