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Lesions in different prefrontal sectors are
associated with different types of acquired
personality disturbances
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maximal association of executive dysfunction with damage of the right middle frontal gyrus
within the dorsolateral PFC. (iv) Distressed personality disturbance was not associated with le-
sions in any PFC sector. Altogether, the findings can be interpreted to indicate that damage to
different prefrontal sectors may disrupt different anatomical-functional systems and result

in distinct personality disturbances.
© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

There is a long history of observing personality disturbances
following acquired focal brain lesions (Harlow, 1868;
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behavior associations: (i) hypothesis-driven stepwise regres-
sion analyses were employed to examine the effects of lesions
in specific prefrontal regions of interest (ROI) on personality
disturbances. (ii) data-driven multivariate lesion-symptom
mapping, which identifies statistical associations between
personality disturbances and the location of brain lesions.
Lesion-symptom mapping was performed with the same
anatomical hypotheses as presented above, but the analyses
were not limited to a priori ROIs. Hypotheses, regions of in-
terest (ROIs), and analytic methods were pre-registered at
https://osf.io/tb43c. All changes to the pre-registered proced-
ures and analysis plans are transparently identified, and the
outcomes of pre-registered and post hoc analyses are distin-
guished in the Results.

2. Materials and methods
2.1. Pa,~c ,l,{ .

Participants included 182 individuals meeting study criteria,
selected from the Patient Registry of the Division of Neuro-
psychology and Cognitive Neuroscience at the University of
lowa Department of Neurology. We report how we deter-
mined our sample size, all data exclusions (if any), all inclu-
sion/exclusion criteria, all manipulations and all measures in
the study. We confirm that all inclusion/exclusion criteria
were established prior to data analysis. Inclusion criteria for
the Registry include a single stable focal brain lesion with
parenchymal damage evident on structural imaging, and
exclusion criteria include a history of significant alcohol or
substance abuse, psychiatric disorder, or other neurologic
disorder unrelated to the lesion. Eligibility for the present
study additionally required (a) the lesion was acquired at age
18 or older, (b) availability of high-quality structural neuro-
imaging data from the chronic epoch (at least three months
after lesion onset), and (c) availability of valid ISPC ratings by
an informant (spouse, parent, or adult child) completed at
least four months after lesion onset. The last criterion is based
on a judgment that this interval provides optimal balance
between the competing considerations of (a) factors poten-
tially compromising the validity of ratings, and (b) maximizing
sample size (elaboration regarding this judgment is provided
in Supplemental Material, section 2). Data collection for this
study was continuous from 09/1997 to 4/2019 and all partici-
pants meeting the inclusion/exclusion criteria were included
in the study, so the final sample size was determined by the
cut-off of data collection. Etiologies causing the focal lesions
included ischemic stroke, 62 (34.1%), surgical resection cavity
following benign tumor resection, 40 (22.0%), hemorrhagic
stroke, 38 (20.9%)—including 7 ruptured anterior communi-
cating artery aneurysms, surgical resection for epilepsy, 30
(16.5%), traumatic brain injury with focal contusion, 6 (3.3%),
herpes simplex encephalitis, 4 (2.2%), and anoxia, 2 (1.1%).

2.2. Py cedy €
All participants provided informed consent in accordance

with federal and institutional guidelines, and all procedures
were approved by the University of lowa Institutional Review

Board and are in accordance with the Declaration of Helsinki.
All anatomical and personality data analyzed in this study
were collected in the chronic epoch. Each participant also
underwent neuropsychological testing according to standard
procedures of the Benton Neuropsychology Laboratory
(Tranel, 2009). Personality ratings were completed by an
informant while the participant was engaged in cognitive
testing.

2.3. Meq v ,’-g

2.3.1. Neuropsychological tests

For the purposes of this study, we included the Wechsler
Adult Intelligence Scales to estimate general cognitive ability,
Wechsler General Memory and Auditory Verbal Learning Test-
Delayed Recall to assess memory, Trailmaking Test-Trail B to
assess executive functioning, and Beck Depression Inventory
to assess mood. The relationship of ISPC ratings and the self-
reported Minnesota Multiphasic Personality Inventory scores
was evaluated for a subset of participants with data available
from both assessments. Legal copyright restrictions prevent
public archiving of the various neuropsychological assess-
ments used in this study, which can be obtained from the
copyright holders in the cited references.

2.3.2. ISPC personality ratings

The ISPC (Barrash et al., 1997) provides standardized assess-
ment of 30 characteristics that might change as a result of a
neurological condition, with characteristics concerning mood,
affect, drive, social/interpersonal behavior, adaptive func-
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personality items we collapsed ratings indicating no distur-
bance (ratings of 0—3) into a single “normal” rating, creating a
5-point scale: 0 (“no disturbance”), 1 (“mild disturbance”), 2
(“moderate disturbance”), 3 (“moderately severe distur-
bance”), and 4 (“severe disturbance”). This was done because
we were specifically interested in
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2.5.1. Regression analysis of ROIs and personality
disturbances

Four parallel regression analyses with stepwise selection were
employed to evaluate the hypotheses that damage to different
PFC sectors was associated with the four personality distur-
bances. In the first step, the three PFC ROIs (ventromedial,
dorsomedial and dorsolateral) each competed for selection
into the regression equation at the requisite p < .05 signifi-
cance level. In the second step, the analysis examined
whether any remaining ROIs could increase the variance in
personality disturbance accounted for at the p < .05 level, over
and above variance accounted for by the ROI entering the
equation in the first step. Regarding the distressed personality
disturbance, it was hypothesized that this disturbance was
not associated any specific PFC sector. Accordingly, in addi-
tion to the standard stepwise selection procedure, an addi-
tional regression analysis was performed with all three PFC
ROIs entered as a block to evaluate whether this disturbance
was associated with PFC damage in general. A departure from
the analyses proposed in the OSF pre-registration relates to
quantifying the extent of ROI lesioned as a continuous vari-
able instead of the originally proposed binary categorization.
This modification added further granularity to the ROl mea-
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investigators would acquire this data would be to email the ity disturbances, nor was relationship of rater to the patient.
corresponding author at joseph-barrash@uiowa.edu. Correlations between neuropsychological measures and
3. KAesults

)
3.1. Sa.}r n/’q‘/c a.aces -

The sample included 96 men (52.7%) and 86 women (47.3%)
with a mean age of 53.3 + 13.9 years (range, 20—85 years) and
13.8 + 2.5 years of education. The age at onset of the brain
lesion was 48.1 + 14.4 years, with an interval of 5.2 + 6.0 years
(range, 4-360 months) between lesion acquisition and
collection of personality data. Mean Verbal Comprehension
Index from the Wechsler Adult Intelligence Scales was
101.5 + 14.6, and the mean Perceptual-Organizational Index
was 103.0 + 14.2. The mean General Memory Index of the
Wechsler Memory Scales was 100.2 + 19.6. For reference, the
population average for these scores is 100 + 15. The mean
score on the Beck Depression Inventory was 9.1 + 8.0 (with
mean score in the “minimal” range of depression). Analysis of
the relationship of neuropsychological performances and
personality disturbances is presented below in section 3.3.
3.2. Lesn d ﬂ:b.v,,‘,“

The lesions were distributed throughout the brain with 91 of
182 involving the PFC. This included 46 ventromedial PFC le-
sions, 50 dorsomedial PFC lesions and 86 dorsolateral PFC le-
sions, with 56/91 PFC lesions involving more than one sector (as
detailed in Supplementary Table 3). Another 91 lesions were
distributed among posterior cortices as presented in Fig. 2.

33.  Reasn, 2 pIspC A ,4;*, Devas O arab e

Bivariate analyses of potentially confounding variables
showed a significant effect of gender on emotional/social
disturbance (t = 2.84, p = .005). Men had a higher mean level of
disturbance than women who, as a group, did not show
disturbance (.19 and —.21, respectively). Accordingly, gender
was controlled for in regression analyses of emotional/social
disturbance. Lesion-symptom mapping for emotional/social
disturbance was performed with and without controlling for
gender. Gender effects did not approach significance (p > .22)
for other personality disturbances. Age and interval between
lesion onset and imaging, and between lesion onset and
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sector was significantly associated with the disturbance, after
which no other PFC sector contributed significant unique
variance. Emotional/social disturbance, controlling for gender
differences, was most strongly predicted by ventromedial PFC
damage, with the model accounting for 8.7% of the variance in
emotional/social disturbance (p <
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4.1.  Ac,4hed fi. " ajf dy ;b ce a d
n evy @& G . :'ca,c rve 4.8

4.1.1. Emotional/social personality disturbance —
ventromedial PFC

Emotional/social disturbance was most highly related to le-
sions in ventromedial PFC, especially the left ventromedial
region. Those results were highly consistent with lesion-
symptom mapping, which indicated maximal association of
emotional/social disturbance with damage in the white mat-
ter of the ventromedial PFC extending to orbitofrontal cortex
and frontal pole, likely involving Brodmann Area 11, the un-
cinate fasciculus and the inferior fronto-occipital fasciculus
(Catani & de Schotten, 2012). In our sample, a gender effect
was seen with men showing a significantly higher level of
disturbance than women; when post hoc lesion-symptom
mapping covaried for gender the results were again in the
left ventromedial PFC. This region is part of the limbic
network, as defined by resting state functional connectivity
(Yeo et al., 2011). The association of emotional/social distur-
bance with ventromedial damage fits well with findings from
increasingly sophisticated experimental paradigms in the
cognitive and social neurosciences that have demonstrated an

association of ventromedial PFC damage and emotional dys-
regulation or disturbed emotional experience, particularly in
response to social stimuli (Anderson, Barrash, Bechara, &
Tranel, 2006; Hornak, Rolls, & Wade, 1996; Jenkins et al.,
2018; Moll et al., 2011). Irritability, impatience and lability are
common manifestations (Barrash, Tranel, & Anderson, 2000;
Hornak et al., 2003;
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et al.,, 1996; Hornak et al., 2003; Logue et al., 1968; Rolls,
Hornak, Wade, & McGrath, 1994; Sarazin et al., 1998;
Steinman & Bigler, 1986; Storey, 1970). Such disturbances may
be especially severe when the ventromedial PFC lesion onset
is early in life (Anderson, Bechara, Damasio, Tranel, &
Damasio, 1999; Boes et al., 2011).

There is evidence that acquired damage to the polar pre-
frontal region can in some cases be associated with improved
functioning in the various personality characteristics
measured by the ISPC (King, Manzel, Bruss, & Tranel, 2020).
Notably, this association was strongest with right prefrontal
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(compared to 2.1% associated with ventromedial lesions when
laterality was not taken into account). Lesion-symptom
mapping found that the peak region for lesions associated
with dysexecutive personality disturbance was in the right
middle frontal gyrus around the junction of Brodmann Areas
45 & 46. This region is within the fronto-parietal and sali-
enceyventral attention B networks (
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way of a more diverse topography of lesions, and the potential
for a greater diversity of patients as age and risk factors often
differ with different etiologies.

On the behavioral side of the analysis, it is emphasized that
many patients have a mixture of two or more types of
disturbance, which has been observed previously (Stout,
Ready, Grace, Malloy, & Paulsen, 2003; Stuss & Benson, 1984),
suggesting that acquired disturbances in the different types of
personality dimensions are not independent events and that
lesions may disrupt several aspects of personality func-
tioning. Additionally, that naturally-occurring lesions in the
present study most often involve multiple PFC sectors likely
contributed to substantial overlap among personality distur-
bances. Another potential limitation concerns raters who are
not trained professionals. The relationship of the rater to the
patient was not significantly related to personality distur-
bances; however, we note that we do not have the relevant
data on raters and it is possible that characteristics of the
raters (e.g., rater's mood, the quality of their relationship with
the patient, or rater's education) may have influenced their
ratings of the patient (McKinlay & Brooks, 1984; Tate, 1999). If
so, however, such factors would add noise to ratings, resulting
in observed variances accounted for by lesion location that
underestimate the true effect of lesion location. Finally, the
relatively few core characteristics employed in this study to
define personality disturbances (based on earlier factor anal-
ysis) may not provide as complete a characterization of the
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