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Abstract

Background—Emergence of visual and musical creativity in the setting of neurologic disease
has been reported in patients with semantic variant primary progressive aphasia (svPPA), also
called semantic dementia (SD). It is hypothesized that loss of left anterior frontotemporal function
facilitates activity of the right posterior hemispheric structures, leading to de novo creativity
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observed in visual artistic representation. We describe creativity in the verbal domain, for the first
time, in three patients with svPPA.

Methods—cClinical presentations are carefully described in three svPPA patients exhibiting
verbal creativity, including neuropsychology, neurologic exam, and structural MRI. Voxel based
morphometry (VBM) was performed to quantify brain atrophy patterns in these patients against
age-matched healthy controls.

Results—All three patients displayed new-onset creative writing behavior and produced
extensive original work during the course of disease. Patient A developed interest in wordplay and
generated a large volume of poetry. Patient B became fascinated with rhyming and punning.
Patient C wrote and published a lifestyle guidebook. An overlap of their structural MR scans
showed uniform sparing in the lateral portions of the language-dominant temporal lobe (superior
and middle gyri) and atrophy in the medial temporal cortex (amygdala, limbic cortex).

Conclusions—New-onset creativity in svPPA may represent a paradoxical functional
facilitation. A similar drive for production is found in visually artistic and verbally creative
patients. Mirroring the imaging findings in visually artistic patients, verbal preoccupation and
creativity may associate with medial atrophy in the language-dominant temporal lobe but sparing
of lateral dominant temporal and non-dominant posterior cortices.
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Introduction

Some patients with frontotemporal dementia (FTD) develop heightened artistic expression
in the setting of disease (Chatterjee, 2004; Miller, Marcel, Benson, Cummings, & Mena,
1996; Miller et al., 1998). In particular, de novo productivity in visual arts and music has
been observed mainly in patients with semantic variant primary progressive aphasia
(svPPA), or semantic dementia (SD) (Miller, Boone, Cummings, Read, & Mishkin, 2000), a
clinical subtype of FTD that involves asymmetric degeneration of the language-dominant
anterior temporal brain structures. It is hypothesized that slow loss of the language-dominant
anterior temporal lobe function facilitates remodeling or heightened function of the non-
dominant hemisphere posterior structures (Seeley et al., 2008).

Typical features of svPPA include semantic memory impairment, such as language and
object recognition deficits, and behavior abnormalities, including mental rigidity and loss of
empathy (Edwards-Lee et al., 1997; Hodges, Patterson, Oxbury, & Funnell, 1992; Rosen et
al., 2006; Seeley et al., 2005; Snowden et al., 2001). Hypergraphia, defined narrowly as a
compulsion to produce written verbal material that results in excessive or idiosyncratic
writing habits, has been described previously in patients with temporal injury or dysfunction
(Imamura, Yamadori, & Tsuburaya, 1992; Waxman & Geschwind, 2005; Yamadori, Mori,
Tabuchi, Judo, & Mitani, 1986). These patients write compulsively and often produce
excessive lists, notes, or schedules to supplement their memory for words and events. Here,
however, we have observed a subset of svPPA patients for whom the term “hypergraphia”
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does not fully capture the quality of their writing production, which was creative rather than
simply utilitarian in nature. Though visual creativity has been well-documented in these
patients, increased engagement in creative writing has never been formally reported in any
variant of FTD. We hypothesized that non-dominant anterior temporal lobe degeneration
could release language circuits leading to increased verbal activity despite progressive
impoverishment of semantic knowledge. We hereby report three svPPA patients who
exhibited verbal creativity.

Chart Review

Imaging

We examined verbal creativity in 95 patients evaluated at the UCSF Memory and Aging
Center between 2001 and 2013 who met the older Neary research criteria for semantic
dementia, now called svPPA (Gorno-tempini et al., 2011; Neary et al., 1998). Only patients
with neuroimaging and at least one full clinical evaluation were included. Patients were
identified to exhibit verbal creativity if they developed heightened interest in language or
word play, or spontaneously generated a significant volume of work that could be
categorized as creative writing, i.e. poetry or essays, which occurred or persisted after the
onset of disease. Patients whose writing primarily served a functional purpose, i.e. as
memory aids, were excluded from this case series. We identified three verbally creative
patients (Figure 1). All study participants provided written informed consent, and all study
procedures were approved by local institutional review board.

T1 weighted structural MRI scans (Siemens, Inc) were acquired at the UCSF Memory and
Aging Center on all patients and controls, matched in age and scanner type. Images were
acquired from a 3T scanner for Case A (2008) and C (2012) and their control cohorts (72 for
Case A and 79 for Case C), and from a 1.5T scanner for Case B (2005) and his control
cohort (142). The following parameters were applied for 3T scans: TR/TE/TI = 2300ms/
2.98ms/900ms, slice thickness = 1.0 mm, FOV = 256 mm, matrix 256 x 230, voxel size 1.0
x 1.0 x 1.0mm, and flip angle = 9°. 1.5T scans were acquired with the following parameters:
TR/TE/TI = 9ms/4ms/300ms, slice thickness =1.5 mm, FOV=256 mm, matrix 256x256,
voxel size 1.0x1.5x1.0mm, and flip angle =15°.

We used SPM 5 software package for image preprocessing in VVoxel-based Morphometry
analysis (Wellcome Department of Cognitive Neurology, London; http://
www.fil.ion.ucl.ac.uk/spm). Voxel-based Morphometry is a whole-brain semi-automated
procedure that involves intensity-based tissue segmentation of gray and white matter
(Ashburner & Friston, 2000; Good et al., 2001). The segmented gray matter tissue scans are
then normalized to a common template in MNI space. The scans are subjected to a process
called modulation to preserve the original gray matter volumes before and after spatial
normalization. The segmented, normalized and modulated grey matter volumes are then
subjected to smoothing by using a 12 mm smoothing Kernel.
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Statistical analysis was done by implementing the general linear model to define significant
grey matter regional intensities. We used MATLAB-based Voxel-based lesion-symptom
mapping toolbox (Bates et al., 2003; http://www.neuroling.arizona.edu), and entered age,
handedness, sex, and total intracranial volume as nuisance covariate in the statistical model
(Figure 2).

Neuropsychological Testing

Case A

Case B

A comprehensive neuropsychological exam was administered on each patient (Kramer et al.,
2003). Their testing profile is shown in Table 1.

A 56-year-old right-handed woman presented with five years of progressive language and
behavioral changes. At age 51, she exhibited word substitutions — saying “medicine” for
“poison” and “strawberry” for “cherries” — and had difficulty recognizing the meaning of
words. At 53 she became more self-centered and was overly familiar with strangers. She
acquired new spiritual ideas and talked about how “nature inspired her to write beautiful
things”. Previously uninterested in writing, she created poems about communication and
open-mindedness, spending hours in front of the computer re-arranging and reading aloud
the words in her poems. At 56, she compiled a large volume of poems with titles such as
“Clouds bring peace” and “Rainbow is giving love” (Figure 1). At the end of the year, her
interest in writing suddenly disappeared.

On examination, she was euphoric and loquacious with profound anomia and deficits in
semantic knowledge. Visual memory and visuospatial function were normal while verbal
memory was impaired. Frontal/executive function was not significantly impaired. MRI
showed bilateral, left greater than right, anterior temporal atrophy extending to hippocampal
and orbitofrontal regions.

A 61-year-old ambidextrous man presented with four years of language and personality
changes, including prosopagnosia. At age 57 he was unable to recognize friends and at 59,
he failed to recognize his daughter. Previously altruistic, he became selfish and insisted that
“after many years” it was “his turn” to get his way. At 60, he could no longer order meals in
restaurants due to trouble reading the menu. He exhibited idiosyncratic word usage, and
semantic paraphasic errors substituting “that boy” for “son”, and “knob” for “ankle”. A new
fascination with words manifested as pressured speech, rhyming, frequent punning, and
interest in word games and puzzles. He created montages with images and his own poems,
highlighting play on words, rhymes, and puns (Figure 1). He developed increased religious
fervor.

On examination, he spoke in rhymes and puns but made semantic and phonemic paraphasic
errors. There was a marked anomia. Frontal/executive function and visual memory were
impaired, but short-term verbal memory, repetition, and comprehension were intact. Based
on clinical history and specific language features, he was found to meet criteria for svPPA.
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MRI revealed left greater than right anterior temporal lobe atrophy. A clinical read of his
functional MEG study suggested he displayed reversed (right-sided) dominance for
language (personal communication, March 1, 2013).

A 69-year-old right-handed woman came in with six years of language and personality
changes. Previously a teacher, school district administrator, and successful entrepreneur, she
had never exhibited any special interest in writing. Then at 61, she began composing a 300-
page lifestyle guidebook. She worked on the book for four years, spending eight hours daily
writing and perfecting the material. At 63, she became overly concerned about her diet, grew
excessively talkative and more dominating in conversations, and approached strangers to
hug them. After publishing the book, she introduced herself as a world-famous author to
strangers. From this time forward she worked on expanding family albums — adding photo
captions and editing previous written descriptions with similar intensity. At 67, she
exhibited difficulty remembering the names of friends and appeared more childlike.
According to her husband, she has shown increased sexual interest and openly discussed her
sex life with her children. She developed interests in word jumbles, solitaire, and dominos,
and played on a rigid schedule.

On examination she was jovial and childlike, occasionally sticking out her tongue, winking,
and giggling. She was extremely verbose and slightly tangential. She performed poorly in
tasks of semantic knowledge, executive function, and famous face recognition. MRI
revealed marked atrophy in the anterior temporal lobes and amygdala, right more than left.
There was moderate atrophy of the orbitofrontal cortex, right anterior insula, and right
parahippocampus.

Voxel-based Morphometry (VBM) Comparisons

All three patients exhibited predominantly gray matter atrophy bilaterally in the anterior and
medial temporal regions, consistent with svPPA (Brambati et al., 2009). However, Case A
revealed left greater than right atrophy, while Case C showed right greater than left temporal
atrophy. Case B displayed predominantly behavioral symptoms typical of right hemisphere
lesion, while his MRI suggested left greater than right temporal injury. The combination of
his ambidexterity, clinical presentations, and Magnetoencephalography (MEG) data
suggests a strong possibility of right-hemisphere language dominance in this patient
(Mesulam, Winstraub, Parrish, & Gitelman, 2005).

Despite distinct disease laterality and severity, all three patients displayed 1) sparing in the
language-dominant lateral temporal lobe including the superior and middle gyrii, and 2)
uniform atrophy in the medial temporal cortex, amygdala, insula, and parahippocampalgyri
(Figure 2).

Discussion

In svPPA patients, an intense preoccupation with visually-mediated activities has been
previously detailed (Green & Patterson, 2009; Miller et al., 1998). We describe for the first
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time three cases, in which a similar preoccupation with language enhanced verbal creativity
in the setting of cognitive deterioration. All three of the cases with verbal creativity
presented with bilateral temporal atrophy, although with different levels of asymmetry in
hemisphericde generation. While patients with svPPA in general exhibit a similar core
pattern of predominantly temporal atrophy, we suspect a shared distinction in these patients
that would account for the novel creative abilities they developed during the course of
disease. VBM of their brain anatomy showed sparing of the dorsolateral temporal language
regions in all three. Conversely, there was severe involvement of the medial temporal limbic
structures involved in emotion regulation and reward.

New creativity in the setting of neurodegeneration suggests that focal brain dysfunction may
induce a paradoxical functional facilitation, selective improvement in performance in the
context of neurological insult (Kapur, 1996). Previous studies on visual creativity in FTD
revealed that brain atrophy was most severe in the language-dominant temporal lobes
(Miller, Marcel, Benson, Cummings, & Mena, 1996). Focal dominant hemisphere temporal
atrophy with spared, if not enhanced, dorsolateral frontal and parietal circuitry appeared to
increase the desire to create paintings. As in a mirror image process, increased verbal
preoccupation and creativity leading to poetry (two cases) and a book (one case) in these
three individuals associated with medial temporal lobe a trophy and sparing of lateral
language-dominant temporal cortex.

Hypergraphia as part of the Geschwind syndrome has been reported in both temporal lobe
injury and behavioral variant frontal temporal dementia (bvFTD) (Hoffman, 2008;
Postiglione et al., 2008; Waxman & Geschwind, 1975). Interestingly, the spiritual focus in
Case A's poetry and the theme surrounding God in Case B's writings, Case A and C's
loquaciousness, and Case C's heightened sexual interest are also reminiscent of other
phenomena described in the Geschwind syndrome, namely hyper-religiosity, viscous
personality, and changes in sexual behavior. Findings observed in this small case series
suggests that additional investigation should be done with larger samples to better
characterize any structural or functional divergence contributing to creative writing
behaviors.

These three patients add to the evolving literature on creativity in dementia and demonstrate
that verbal creativity can emerge in the setting of anterior temporal lobe degeneration,
despite the concomitant semantic loss typical of this syndrome. This heightened verbal
preoccupation has many parallels with the visual creativity demonstrated in patients with
FTD.
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Cosmic Way To my friends and family the true church is a soul saving station so
don’t ever let it take a vacation but make sure of your dedication
and eternal preparation. You seen the sign why it happens because

. I am recruiting a team so some will be quarterbacks or tight ends.
e ot 187 would buikd  team o 10.$100 dolar touchdowns we will
+effecting win the eternal super bowl because we left the earthly teams and
Pulbpurfect i transferred to the Heavenly Kings Team Jesus, Jesus, Jesus. So if
Focus on breathing you want to recruit the large guy Rich to come by to hug and show
Rainbow i - laughing out you why it happens just pick one of these planes so I can fly by
Drip incolor - spray inight without much sky and will know why he don’t cry because some
thought he was a bad guy. But you want to be on the team with a
Spiral in - moving out: very happy guy. Our cheerleaders are hollering we love Jesus yes
Arethe cosmic forces we do we love Jesus how about you. So [ can say I love you

Circle - triangle - breathing squarey  because Jesus gave me a new attitude. Walk the walk talk the talk
New years day is a time to say goodbye to the past and hello to the

Our eyesy are universe future. Dare to be the man God created you to be passionate,
Movementy tuke uy adventurous and free. Because in our life we have the choices to
To theesholds choose which leader (coach) team we want to be on so my team is
only playing for Cucana Ecuador and no more so if you just feel

Here weare all that God only wants to use you and your gifts in America then be

Cosmilc universe breathing blessed by still getting on Jesus team and find a local leader with a
We all hold on passion and a vision for the lost at any cost. Psalm 119:78-80
A I will meditate on thy precepts. Let those that fear God turn unto

me a Godly leader for they already have seen your powerful
testimonies. Let my heart be sound. In natural football games they
Nature ingpires wy Light and, deep try to sack the quarterbacks but in Jesus team the quarterbacks
Withijoy and deep connectiony want to get sacks of offerings.
Clouds speak to- uy inv moving wayy — =
Slowing us down by listening i
Thejoy they give irvloving wayy
Iy teaching us how to-give love:
To the world and othery
Inright wayy that change the world
Into-peace and loving kindnesy

Figure 1.
Patient writing samples.

A and B: Sample poetry composed by the first patient (Case A), taken from a series of 21
poems with a centralized theme on nature and peace. C: Composition from the second
patient (Case B). The third patient published a book; no sample is displayed here to protect
her identity.
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Figure 2.
Single-subject VBM and overlap of the three cases.

Case A: Bilateral, left greater than right, anterior temporal atrophy extending to the
hippocampus and orbitofrontal areas. Case B: Bilateral, left greater than right, anterior
temporal lobe atrophy. Case C: Bilateral, right greater than left, atrophy in the anterior
temporal lobes and amygdala. Moderate bilateral a trophy in the orbitofrontal cortex,
anterior insula, and parahippocampus. Overlap: To demonstrate overlap of damage in
language dominant regions, Case B has been L-R flipped because of his right-dominant
language organization. All three patients had relative sparing in the dominant (shown as left)
lateral superior temporal lobe, including the superior and middle gyri, and uniform atrophy
in the medial temporal cortex, including the amygdala, insula, and parahippocampalgyri.
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