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Abstract

Background

Research emanating from cognitive stroke and cognitive registries revealed that
higher cortical function deficits (HCFD’s), including frontal network syndromes
(FNS) were common. The ubiquity of FNS involvement prompted the
investigation of FNS diagnostic tests and utility of testing in the most common

dementias.

Aims

1. To establish the importance of higher cortical function impairment in people
with stroke.

2. To ascertain the frequency of FNS in stroke.

3. To develop a multidisciplinary diagnostic tool for FNS, that is both practical
and valid.

4. To devise a system of cognitive and behavioral, tiered, diagnostic tools for the
diagnosis of the three most common dementia syndromes; cognitive vascular
disorders (CVD), Alzheimer’s disease (AD) and frontotemporal lobe disorders

(FTLD).



Methods

Two separate, prospective, cognitive registries were used for the evaluation of
HCFD’s and FNS. A third, specific cognitive stroke registry was used for the
evaluation cognitive syndromes (CS) in stroke, the diagnostic tool and newer
FNS entities such as emotional intelligence (EI) (retrospective components). A
fourth cognitive registry tested a tiered, FNS based diagnostic tool in the
diagnosis of common dementias (prospective component). Neuroimaging
included multimodality magnetic resonance (MR) imaging and positron emission

tomography (PET) brain scans.

Results

HCFD’s were common in stroke, FNS frequent, no matter where in the brain the
stroke occurred, the diagnostic COCONUT tool was found to be valid and
practical and both CS and El frequent in stroke. In the cognitive registry for
dementias, the mean T-scores for the 3 principal frontal system syndromes for
the AD group were all abnormal, save for disinhibition. For the CVD and FTLD
groups, all four subcategory scores were abnormal. Disinhibition differed
between the AD and FTLD groups (ANOVA, p=0.02) and there was a strong
association between the memory for 5 words test and a significant difference in
the WLT score among the 3 groups (ANOVA, p=0.0233). There was a strong

association between the FDG-PET and the disease subtype (p<0.0001).



Conclusion

Both CS and FNS are frequent in stroke.

FNS subtests and neurcimaging revealed that disinhibition, word list generation,
5 word memory testing and PET brain imaging may help distinguish the three

most common dementia subtypes.



Chapter 1. Introduction

Frontal lobe lesions and the consequent brain behavior relationship is a science
that is at best only a few decades old, gaining momentum only by the 1980's.
Two pivotal frontal lobe brain behavior studies were reported in the 19" century,
within a few years of each other, one in the USA, the other one in France. Dr.
John Harlow described the story of Phineas Gage’s survival and profound
behavioral impairment after a 3 % foot, 1 inch diameter iron tamping rod
inadvertently passed through his frontal lobes in 1848 and reported in the
Publications of the Massachusetts Medical Society in 1868 [1,2]. The second
was Paul Broca's expressive aphasia pathological study, implicating the
posterior, inferior frontal lobe in expressive speech [3]. Soon thereafter, other
important contributions in the field such as Brodmann’s cyto-architectonic brain
studies and the emerging field of experimental psychology and Freud’s writings
prompted the American neurologist, Tilney in 1928 to suggest that the human
evolutionary period should be called the age of the frontal lobes [4]. For several
reasons these predictions did not materialize for most of the 20" century. Soon
thereafter, psychiatry as a discipline, did not emphasize brain behavior
relationships and neurology became relatively restricted to so-called elementary
neurological syndromes of sensorimotor, visual and coordination systems.
Penfieid’s contribution in the 1950’s (intra-operative stimulation) was significant in
that although he elicited a motor response to stimulation of the motor cortex,

frontal lobe stimulation revealed no response at all [5]. Pick’s disease was



described in 1892 and although it could have served as a very revealing
pathology of differing frontal functions (as frontotemporal lobe dementia does
today), it was largely ignored because of the fact that several different types of
pathology, in addition to Pick bodies, can cause the so called frontotemporal lobe
dementia (FTLD). Pick’s is a very infrequent pathology, while FTLD is a common
dementia. Hence, because of this pathology-clinical mismatch that occurred over
the next century, the FTLD clinical syndrome received littie attention [6]. Luria’s
unique and seminal contributions to frontal lobe function, gleaned largely from
traumatic brain injury patients still profoundly influences neuropsychology today
[7]. Similarly, Lhermitte’s innovative style of frontal testing outside the usual office
or hospital setting, illuminated how simple techniques may be very informative in
discerning frontal brain behavior relationships. He described how field dependent
behavior syndromes frequently emerge, consequent to disruptions of the mirror

neuron network in the brain [8,9].

Other reasons why this has been so difficult, include the fact that patients with
frontal lobe damage rarely initiate clinical evaluation and we test what we have
tests for. Tests for many symptoms, syndromes and behaviors that cause
someone to be irascible, facetious, puerile, profane, lacking curiosity, have
aspontaneity and lack of foresight, do not exist. A number of researchers have
devised metric tests that sample various components of frontal function. These
include the Wisconsin Card Sorting test [10], Stroop test [11], lowa Gambling

Test[12], BRIEF [13], FRSBe [14], DKEFS [15], FAB [16], FBI [17], various trail



making tests such as the CTMT [18], Tower of London Test [19] and the EXIT

[20].

Mesulam emphasized the frequent and surprising paucity of formal
neuropsychological deficits associated with lesions of the frontal lobe lesions,
some patients having normal scores in all tests. Behavioral tests however are
more likely to elicit abnormalities [21]. He also proposed the term frontal network
syndrome (as opposed to frontai lobe syndrome), in view of the most frequent
causes including multifocal, subcortical processes such as cerebrovascular
disease, multiple sclerosis and toxic metabolic encephalopathies, rather than

lesions of the frontal lobes themselves [22-24].

With a single, landmark, case report launching clinical interest in frontal
syndromes just over 100 years ago, the foregoing discussion has attempted to
elucidate the problems encountered and their probable reasons why further
testing, interest and the delineation of frontal syndromes has been lagging.
Clinical experience with acute neurological patients such as stroke
encephalopathy, multiple sclerosis, seizures and traumatic brain injury indicates
that frontal syndromes are not only frequent, but likely the most common, not
only neurological, but of cognitive syndromes. The presentation can be dramatic,
and obvious, but often also subtle, covert and even frankly denied by the patient.
A relatively frugal armamentarium for testing frontal syndromes is likely related to

the limited understanding we have of the extent and nature of frontal syndromes.



Accordingly, a sequence of research questions were formulated, initially using
the very common entity of stroke as the pathological domain. Isolated case
reports or case series alone were inadequate in gaining insights as to the
frequency of higher cortical function deficits (HCFD's), cognitive syndromes (CS)
and frontal network syndromes (FNS). Hence a registry-based approach was
considered and subsequently specific HCFD subtypes, including FNS were
evaluated. The wealth of information concerning brain function and dysfunction
from allied and overlapping disciplines such as psychiatry, psychology, speech
and language, cognitive neuroscience and behavioral neurology was reviewed
and the relative paucity of available tests for the vast panoply of human cognitive
brain disorders was sobering. Therefore efforts to devise a comprehensive, yet
practical test was researched and thereafter tested for its validity in the

appropriate clinical contexts.



Aims and Objectives

1. To establish the importance of higher cortical function impairment in people
with stroke.

2. To ascertain the frequency of FNS in stroke.

3. To develop a multidiscipiinary diagnostic tool for FNS, that is both practical

and valid.

4. To devise a system of cognitive and behavioral, tiered, diagnostic tools for

diagnosis of the three most common dementia syndromes; cognitive vascular
disorders (CVD), Alzheimer's disease (AD) and frontotemporal lobe disorders

(FTLD).

Objective 1. To determine whether examination with frontal systems tests
and neuroimaging, the most common dementia disorders may be

distinguished.

Objective 2. Evaluate the utility of a context appropriate, tiered, FNS test
battery, incorporating behavioral neurological, neuropsychiatric and
neuropsychological components and compared to MRI brain {structural)
and metabolic PET brain scanning (functional) to facilitate the diagnosis of

the 3 most common dementia syndromes; AD, CVD and FTLD.



Chapter 2: Review of the Literature

The long time reliance on autopsy studies to determine brain behavior
relationships was finally over with the advent of increasingly sophisticated
cerebral computerized tomography (CT) scanning. This was followed closely by
more sophisticated neuroimaging including magnetic resonance imaging (MRI)
for anatomical definition and positron emission computed tomographic (PET)
studies for functional brain imaging starting in the 1980's. The convergence of
clinical studies from neuropsychology, neurology and neuroimaging culminated in
a long overdue surge in frontal lobe research. Endeavors to promote brain and
mind research continued, with the next decade (1990’s) being declared the
decade of the brain [25] and the following decade beginning in 2000, led to the
concept of the century of the mind, with Brain-Mind institutes forming at major
universities that garner a multidisciplinary approach, for best resuits. Two
examples include the McGovern Institute for Brain Research MIT, Massachusetts

and Mind Brain Behavior institute at Columbia University, New York, USA.

Approximately 90% of the brain is involved in cognition, based on cerebral cyto-
architectonics [26]. The most important and pervasive cognitive processes,
frontal network syndromes (FNS), are ubiquitous in neurological and psychiatric
disease yet measurement remains poor with few available tests [27-29]. The
most commonly clinically employed test, the Mini Mental State Examination

(MMSE), does not even measure frontal systems [30]. Hence, there exists a



dilemma between the need for accurate clinical frontal network system
assessment and the current battery of tests availabie for this purpose. Clinical
cerebrovascular, neurological decision-making for example, is severely
constrained by a 4.5 hour, so called thrombolytic therapy window [31]. In the
setting of multiple concurrent tests including neuro-imaging, laboratory and
cardiac investigations, this does not leave more than a few minutes for clinical
assessment of the patient. During a typical stroke, approximately 2 million
neurons and 14 billion synapses are lost each minute [32]. In this emergent
setting, there is no place for formal neuropsychological assessment. It is also
common experience in clinical practice that cognitive evaluation is challenging in
the various stage of dementia. In some, the degree of cooperation or attention is
limited to no more than a few minutes at best. Historically and philosophically,
testing of the higher cortical brain functions has been approached differently by
the three major disciplines (Neurology, Psychiatry, Neuropsychology) concerned
with assessment of behavioral and cogpnitive effects of brain lesions and
conditions. Each have different “cultures” and approaches to this clinical
challenge but because each has unique contributions, they complement each
other. These include i) behavioral neurological approach comprising of 2 myriad
of syndromes that are best described in ordinal and nominal data terms, ii)
neuropsychiatric approach with syndromes described in terms of pre-specified
criteria (DSM-1V) and configured to nominal data and iii) neuropsychological
battery approach, almost exclusively described according to numerical data and

compared to nhormative data, less often ordinal and nominal data.
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Time is brain (stroke) and time is limited (dementia for example). This
necessitates a multi-tiered, time based, cognitive testing approach. To benefit
from all the varying clinical neuroscience approaches, the FNS testing
methodology should be cross-disciplinary while using a time based battery of
tests that ranges from minutes to several hours. The special relevance to FNS
testing is advocated because this expansive cognitive network may be viewed as
a supervisory and wide ranging cognitive system (meta-cognition) that may be

the most sensitive indicator of cognitive status.

To complicate matters however, cognitive reserve, may mask brain pathology
untii late, in certain brain disease processes. People with similar cognitive
impairment may have markedly different Alzheimer disease pathology for
example, depending on their degree of brain and cognitive reserve. Because of
the cognitive reserve hypothesis, now well buttressed by clinico-radiologic
studies, clinical examination alone cannot discern cognitive impairment [33]. The
cognitive reserve hypothesis proposes that people with similar cognitive
impairments or even no impairment at ail, may nevertheless have rampant
Alzheimer pathology [34]. Hence clinical psychometric testing is unlikely to
reliably diagnose many people that may benefit from specific disease therapies.
Metabolic testing with positron emission tomography (PET) brain scanning is
known to improve diagnosis and extend the window of AD diagnosis into the mild

clinical and even preclinical phase. In addition to psychometric features, it is
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possible that certain behavioral neurological tests can diagnose disease earlier

[35].

Another facet of complexity concems the increasing number of classic dementia
presentations being encountered, that are caused by other treatabie and at times
completely reversible medical and neurological diseases. Examples of
masqueraders of Alzheimer's disease for example, include cognitive vascular
disorders [36], cryptococcal meningitis [37,38], hepatic encephalopathy [39] and
masqueraders of frontotemporal lobe disorders such as Whipple's disease [40]
and multiple sclerosis [41]. This is underscored by the recent revisions to the
diagnostic criteria for Alzheimer’s disease released 2010 Alzheimer's Association

International Conference on Alzheimer's Disease (AAICAD) [42].

Finally, Alzheimer’s disease is today regarded as a vascular disease where
clinically, there is a continuum from stroke only and to Alzheimer's disease only,
with the vast majority of people having features of both neuronal degeneration

and vascular cognitive impairment [43].

As FNS are common to all these disease entities and as the most pervasive

coghnitive function, in addition to its supervisory role, it makes sense to measure

and monitor these, somewhat akin to fever and infection.

12



Dementia diagnosis and the various subtypes are challenging in the absence of
biomarkers. Four different frontotemporal lobe degenerations subtypes are
recognized and at least 4 different clinical Alzheimer disease subtypes known,
with both entities having a frontal variant, with predominant behavioral
presentation [44]. In addition the neuropathology is becoming more complex with
a steadily increasing stream of new discoveries. However, treatment options and
clinical trials depend on accurate diagnosis [45]. For example, anticholinergic
therapy is of proven benefit in AD, serotonergic therapy has moderate scientific
support in the treatment of FTLD [46] and cognitive vascular disorder (CVD) may
benefit from dopaminergic, cholinergic as well as serotonergic therapies [47].
Importantly, all therapies are reliant on accurate diagnosis and incorrect
treatment may lead to worsening [48]. It is a commonplace experience in clinical
practice that cognitive evaluation is challenging in the various stages of
dementia. In some, the degree of cooperation or attention is limited to no more
than a few minutes at best. Research based and emanating from cognitive stroke
registries for example, revealed that higher function abnormaiities, including
frontal network syndromes (FNS) were common in acute and sub-acute stroke
[49,50]. In addition FNS may manifest no matter where the brain lesion, whether
frontally located, sub-cortically, posteriorly or even sub-tentorially. An analysis of
sub-tentorial stroke, found FNS in at least half of patients with this location of
stroke. Many of these patients were unable to have comprehensive testing in

these settings [51].
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Even though much progress has been made, even brief reflection of other
cognitive functions of the frontal networks such as emotional intelligence,
creativity, savant abilities, artistic ability, artistic appreciation, spirituality,
religiosity and the role of dreaming in maintaining optimum brain health, provides
sobering prospects of what is still unchartered territory. Currently we are armed
with the most popular, simple bedside tests (MMSE, MOCA) that provide helpful
guidance for distinguishing our most common dementia syndromes, but these, as
well as standard neuropsychological tests provide little, if any information, on the
myriad of other frontal syndromes that have been documented [52-54]. Until now
there has been a major focus on memory and subsequently executive function
testing in common neurological conditions such as dementia, stroke, multiple
sclerosis and traumatic brain injury with other FNS not formally tested [55]. For
example, with frontotemporal lobe dementia or degeneration, it has been shown
that an early presentation and useful way of monitoring the iliness, may be

through evaluation of artwork by the patient [56].

This brings us to consider the ‘creative explosion’ or ‘big bang of human
evolution’ that occurred within the last 30 000 - 40 000 years ago [57].
Convergent evidence from archeology, genetics and evolutionary
neuropsychology have forged a well supported hypothesis, that working memory
(a core frontal systems function) was the so called ‘cognitive missing link’ that
enabled a cognitive fluidity and networking of the various intelligence domains

(social, technical, natural history) of the human mind, culminating in cross modal

14



connectivity and thence creativity. Although we do not have tests for a
conundrum of frontal functions that we evolved with, we can at least test working
memory, which is regarded as the ‘engine’ of cognitive connectivity and

executive function [58].

Sometimes we find simple tests that may discern and diagnose complex
processes. The mirror neuron system (MNS) for example, evolved at some stage
in our primate history about 60 million years ago and can be affected by cerebral
lesions. We can test for the MNS by documenting syndromes such as
echopraxia, utilization behavior and environmental dependency syndromes.
These are not commonly employed tests, yet they offer an important opportunity
of how we can improve neurological evaluation and monitoring of complex FNS
[59]. Together, the working memory circuit and the mirror neuron circuitry, both
extensive frontoparietal cerebral circuits, are arguably the key circuits that made
us human and both are core frontal systems circuits that can be assessed

clinically, by relatively simple bedsides tests.

Another important area of active research today is the role of sleep and
particularly dreaming, in FNS. Dreaming has been shown to improve memory,
executive function, attention, depression and creativity. Current hypotheses
regard dreaming as a critical survival attribute, particularly with regards to
optimizing our polyadic relationships in society, seen by some as our biggest

challenge as humans [60]. The adage; ‘we test for what we have tests for is

15



particularly pertinent in this discussion and serves as a reminder of the vast
opportunities in cognitive neuroscience that await discovery. At the present time,
with the tsunami of dementing illness upon us, coupled by the expense of
cerebral assessments such as brain scans, any help we can muster from simple,

quick and reliable tools currently available, serves as the conceptual approach in

this study.
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Chapter 3. Methodoiogy

General Methodological Approaches in the included studies

Participants

Consecutive stroke and cognitive impairment patients, aged 18-90 years, were
accrued through prospectively coded, dedicated stroke and cognitive disorders
registries in tertiary referral centers. These were approved by the relevant
University Institutional Review Boards and the latter two registries were also in
compliance with HIPAA (Health Insurance Portability and Accountability Act)

regulations when this was enacted.

1. The NIH-NINDS Stroke Data Bank (New York)

Under the following contracts;
NO1-NS 2-2302, NO1-NS-2-2384, NO1-NS-2-2398, N01-NS-2-2399, NO1-NS-6-
2305

Status of stroke research fellow (1990-1991)

2. The Durban Stroke Data Bank. IRB approval University of Natal, Durban,

South Africa (memorandum dated signed)

Status: Principal Investigator (1992-1998)

3. The USF-TGH Stroke Registry. IRB # 102354 (University of South Florida)

17



Status: Principal Investigator (2002-2006)

4. The USF-Cognitive Stroke Registry. IRB # 106113 (University of South

Florida)
Status: Principal Investigator (2007-2010)

Consent
All patients signed informed consent for the evaluation and the collection of the

their neurological, medical and neuro-cognitive data.

Ethics
This thesis and registry #4 was approved by the Ethics Board of the University of
Kwa-Zulu Natal in conjunction with the University of South Florida IRB application

# 106113 (Appendix 2).

Diagnosis of dementias

Analysis of the dementia subtypes was performed retrospectively. The DSM-IV
criteria were used for Alzheimer’s disease (AD) and cognitive vascular disorder
(CVD) diagnosis [61]. For the Frontotemporal lobe disorders (FTLD), the core
diagnostic criteria by Neary et al were used [62]. In brief these included insidious

onset and gradual progression, early decline in social interpersonal conduct,
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early impairment in regulation of personal conduct, early emotional blunting and

early loss of insight.

Neuropsychological Testing used in the registries included semi-

quantitative bedside and metric neuropsychological tests

Semi-quantitative bedside tests

Frontal Systems Behavioral Scale (FRSBE) [63]
Mini-Mental State Examination (MMSE) [64]

Montreal Cognitive Assessment Test (MOCA) [65]
Orientation for § items

Serial 7’s x 5

Memory for 5 words at 5 minutes

Word list generation test (WLT) using the letter “F” [66]

Luria Motor Sequence test [67].

Metric Neuropsychological, behavioral and language tests

Computerized Wisconsin Card Sorting Test [68]
Tower of London Test [69]
Behavioral Rating Inventory for Executive Function (BRIEF) [70]

Frontal System Behavioral Scale (FRSBE) [63]

19



Emotional Intelligence Quotient (Bar-On) [71]
Computerized lowa Gambling Test [72]
Stroop Test [73]

Comprehensive Trail Making Test [74]

Letter/category fluency tests [75].

Neuroradiology

1. Anatomical structural brain scanning

All patients (unless contraindications existed) had multimodality MR imaging,
MRI T1 and T2, fluid attenuation inversion recovery (FLAIR), diffusion weighted
imaging (DWI), magnetic resonance angiography (MRA) to exclude secondary
dementia causes such as brain tumor, stroke, muitiple sclerosis as well as

assessing for leukoaraoisis and degree of generalized and focal atrophy.

2. Functional brain scanning
Positron emission tomography (PET) ®F Fluorodeoxyglucose (FDG-PET) brain

scans were performed if any uncertainty existed with respect to dementia
subtype in accordance with FDA regulations. in addition, PET scans provided an
indication of cognitive reserve pertaining to a particular individual. Following
intravenous injection of '°F fluorodeoxyglucose, with a dose of 15 milli Curies
(mCi), the patient was kept in a quiet, darkened room for 60 minutes during the

uptake phase. Standard acquisition time was 15 minutes. A single bed PET and

20



co-acquired, low dose CT scan of the same areas was performed. Attenuation
corrected PET images of the brain were created in sagittal, coronal and
transverse projections and reviewed on a computer work-station. Using GE
cortex |ID software, with comparison to aged matched normal, z-scores of
regional hypometabolism were obtained in 10 regions of interest and a z-score of
2.0 or greater regarded as statistically significant. A General Electric Brilliance LS

camera was used.
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Chapter 4. Results

Overview and synthesis of results relating to the studies

A. Results from specific research and previous publications focusing on

cognition and stroke

The two initial clinical registries established that higher function abnormalities,
including FNS, were common in acute and sub-acute stroke period [49]. The
initial registry was the first computerized registry spanning four major academic
institutions in the USA (New York, Boston, Baltimore, Chicago), but did not have
a predefined category for diagnosis of frontal lobe lesions, frontal network
systems syndromes or executive dysfunction. This was therefore one of the
aims of the stroke data bank developed in Durban, South Africa, with the notable
finding, that at least by relatively crude methods, FNS occurred in approximately

9.2% of patients with stroke [50].

Subsequent clinically based research registries revealed that FNS may manifest
no matter where the brain lesion, whether frontally located, subcortically,
posteriorly or even subtentorially [51]. In a separate analysis of subtentorial
stroke, both isclated cerebellar lesions and brainstem strokes, in the largest
series of its kind to date, revealed that FNS occurred in almost half (47%) of the

patients, who showed impairment on frontal tasks and 40% had significant
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impairment on delayed recall with sparing of immediate memory and visuospatial
skills [76]. Retrospectively, this is not surprising as the frontal lobes and their
networks connect to all other regions of the brain. Further research into the
neurobiological substrates of FNS being caused by brainstem or cerebellar
stroke, revealed that a neuroimaging correlate was found in the supratentorial
region, that is, within the cerebral cortex consequent to the isclated brainstem or
cerebellar stroke by SPECT brain scanning, suggesting that a neurotransmitter
perturbation was a likely candidate [77]. This was corroborated by another
clinical study that revealed minimal or no long tract signs as measured by the
NIH stroke scale in the setting of FNS, caused by isolated brainstem or

cerebellar stroke [78].

More recent studies (2009-2012) addressing the key problems of clinical
FNS measurement and its most important subcomponents

1. A new test was devised that incorporated cognitive, behavioral neurological

and neuropsychiatric syndromes

Several notable findings emanating from this research included; the relative
paucity of both bedside and metric tests to measure frontal cognitive or executive
type function, even less behavioral neurological tests and the very infrequent
inclusion of so called neuropsychiatric syndrome assessments in studies of
cognitive assessment in stroke. A semi-quantitative bedside test was devised

incorporating cognitive, neuropsychiatric and behavioral syndromes that enables
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assessment within approximately 20 minutes (COCONUTS). During the
conduction of this research it was also appreciated that many patients were
unable to have comprehensive testing in these settings, let alone extensive
testing traditionally performed by neuropsychologists. By incorporating the much
more extensive testing of syndromes that are germane to behavioral neurology
and neuropsychiatry, a more accurate appraisal of true FNS is accomplished

[79].
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Background

Cerebrovascular disease and neuropsycluatric dis-
orders are the leading causes of disability world-
wide (1. 2). Cognitive impairment is present ir the
majority of patients with stroke (3 5). transient
sschema atack (6) and even in patients without
stroks who have cerehrovascolar nsk Juctors (7).
Cognitive synaromes were undervalued in the
siroke assessment literature, vet may be smportant
to measure and monitor neurologiwal outcome,
managemen! aad assessmment of current and emerg-
ing theiapies (8 20). Behavioral neurology and
neuropsychiatry are replete with rumerons and
intnguing syndromes that occur in zssocfalion
with. stroke, The rich diversity of some of these
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syndromes hint at the complexity of the undcriying
neural networks and at the same time semund us
that sumple wental staws or raung scales are
resoundinglv inadequate for documenting these
sequelae. Furihermote, neuropsyctiologeal proce-
dures do not capture the majority of behaviora]
netrological syndromes in exther a syndromue o
metric fashin. not 15 ihis form of evaluation
practical in the acute and subacute stroke phases.

A growing body of teraiure identified frontat
network syndiomes reflecing discreel lesions
outside the anatomical boundary of the frontal
lobe, such as subcortcal gray matter (21, 22),
subcortical white mnatter (23 25) and with solated
lesions of the biainstem and cerebellum 25 27)
Localizauon of a lesion may be less impotiant than
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ident'fication of the tvpe aud extent of a cognitive
symdrome, Wit respect Lo the clinicai neurological
dicttun of “localize the fesion”, 4 paradigm shift may
be needed in order to study the bioad 1ange of
post-stroke sequclas With the accuracy of lesion
localization asing multimodaiity magnetic reso-
nance imaging (MRI) not in question, precise
neurological deficic ascettainment is critical to
meniforing improvement. deterioration or therd-
peutic etncacy Ii addiuon. there has been an
almost universal failure of acute stroke reuropro-
tective agents despize extensive saccess in animal
madeis (2%). This may be due in part to the rebance
of most sivdies on oversimplistic stroke iating
scales to gude evaluation of thrombolyt: theiapy
outcomes. Anather factor may be reflected in the
use of brief mental status scales that under-repre-
sent frontal synd:omes as well as other syndromes
related to secondury and tertiary association
cortex.

Although the term wvascular dementa was
reported for several decades, it was redefined
recently to encompass the mote realistic spectrum
and behavior of cognitive disorders after stroke
The spectrum of vaschlar cogrifive impairment
inclndes the bram at risk stage. stiategic mfawt
dementia. single and multiple stroke with cognitive
1mpaitment.  Jeukoaraosis-related  svbeoertical
impairmeni and vascular Jdementia (1) Most
pauents with cognifive disorders post-stroke
recovet and the entity of mild cognitive impaniment
of the vascular iype (MCI-V) akin to the MCT of
neucodegenerative disease is likely to be common
(29). Some paticnis wiih stroke deteciorate in 2
siepwise fashion, the latter with an overall piog-
nowus similar to Alzheimer’s dementia. Many post-
stroke cogmitive deficiis are evanescent, but some
are pervasive. For example, the speaific individual
mmport for a person with post-stroke amusiz might
be devastating to a musiciar but of no consequence
to some nop-musicians, No studies have testzd for
the reporied range of cognitive impatrment syn-
dromes known to behuvioral neurology in a stroke
population The challenge therefore 1s to devise a
measure that capoures the w.de range of impair-
ments yet can be adminisiered post-stroke when
existing measures are impractical and/or inade-
quate.

Awn

With this background in mind, the auns of the
present research were to devise ¢ comprehensive
and practical method of assessing the spectrura and
frequency of cognitive disorders 11 the first month
after stroke.

Cognitive neurological assessment in stroke

Methads
Subjects

Consecutive patients with sitoke aged 18 90
years, were accrued through a prospectively
coded dedicated cognitive stroke registry, as part
of a tertiary care Joint Comraission on Accredita-
tion of Healthcare Organizaiions (JCAHO)
primarv and Comprebensive Agency for Health
Care Admmstration (AIICA) Siroke Center
(Floxids). Patienis with coma (n = 216} and
encephalopathy (7 = 144) weie excluded from
the analyses of the 2389 siroke iegistry patients
except for the 11 whio recovered from coma and the
65 {total subliacted from 2389 ~ 284 = 2105) who
recovered from encephalopathy sufficiently within
the first month to allow engnitive testitz, The 309
transient ischemic attacks {11A) patients were not
included in the analysis yielding the study number
of 1796 (Fig. 1).

Al patients were examined and managed by
board-certified neurologists The cognitive bedside
tests were aduunisteied by trained stroke team
members comprising of residents and stroke
research nurses who also tested the noraal votun-
teers, and graded stroke severiv The Stioke
registiy was approved by the. Unnersity Institu-
tional Review Board and in compliutnce with
HIPAA (Health Inserance Poriabiliiy and
Accountability Act} regulations. All patienis
wgned inforined consent for the evaluation and
collecion of their neurological, medica and neu-
rocogmitive data

Total numbar of patenta ir stroke ragisiry

N« 2389
Exciusions
A I
Coma Encephalopathy  Transient ischemic sttacks
Ne=218 N 44
§
Racovered Recovared
M=11 =05
Final axclusons  Final exclusions 1
N =205 ns79
Tota: exciusions 2389-205-7¢-308 = 1708 =308

Figare 1. Caseude dugram of patients 1 the stady ana upecifie
exchusions.
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Specific exclusions

Stroke victims were exciuded fiom the study dug to
persistent obtundaiion, metanolic deiangement,
encephulopathy or coma (usually due Lo transient
ventilator dependeacy), histoy of dementia or
other acurodegenerative disease, moderate and
severc Jepression screeped using the Carroll
Depression Scale (30), inxbility to complete all
the subtests, less han 8 yeats edvcational level.
Moderats and severs depression but not mild were
exclusions becavse of thuir effect on cogmtive
testing.

Cognitiva tusting

The cognitve examination (Coconuts: comprehen-
sive cogrutive neurological tesi in stioke) {Appen-
dix 1) was admntstered during the frst month ot
stroke presentation recording & cognitive deficit
score and number of cogniuve syndiomes The
cognitive syndiomes weré grouped mto five prin-
cipal categories to reflect the five major large-scate
networks for cognition and one mascellaneous
goup (310 Aside from the general attentional
svstems which needed to be intact for any forther
testing. these included & 1) left hemisphere net-
work {(aphasias, Gersimann®s -and angular gyius
syndrome). (i1) hippocampal hmbic network
(memory and emotional disorders): (i} frontal
subcortical netwerk for executive function: (1v)
right hemisphere (anosognosias, neglect, visuospa-
tial and aprosodias); (v} complex visusal processing
group (occipitotemporal network) including alex-
188, simultapagnosiz. achromaiopsias, -prosopagn-
osia, simultanagnosia. object agnosias, visnal
hailucinations. il'usions and defusions and {vi) a
growp with 1li-defined networks and a miscella-
necus group such as dyscaleulias, spraxias.
delusional misidentification syndromes and discon-
nectior syndromes. Neuropsychiatrc syndromes
incorporated 10 these networks included emotional
disorders such ay Involuntary Emotional Expres-
sion Disorder (IEED), delusional musidentification
syndromes. apathy, disihibition, Jelusions and
Geschwind Gastaun’ syndrome.

Adruttedly. the use of ordinal, nominal as well
& mean values Lo yield a nwmeric score can at best
be described as a setmiquantitaiive battery similar
to tpe Mini Menial Score. This gives an approx-
imation of not only the nainie of cognitive
imapairment but some measuce of severity.

Validety testing of the Coconuls was evainated
along several hres including overall sensttivity,
specificily. postive predictive value (PPVY and
nepative predictive value (NPV) to stroke. The
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test was compared with magnetic resonance (DW1
and FLAIR} imaging for the presence or ahsence
of stroke lesion. All MRI scans weie intespreted by
board-certified radiologists.

Discriminant validiy

In order to evaluate the scale’s ability to discrim-
inate between normal conirol subjects and patienis
with stroke; the Coconmts scale was adminstered
to 27 normal individuals stratified for age, gender
and educational level in comparison with the
stroke population \n = 27).

Sonstruct {correlauonal) validity

The vaiidity of the Coconuts (how well the battery
evaluates the existence of a cogmtive deficit) was
analyzed by comparng the Coconuts sabscores
association (coniglation soefficients) with neuro-
psychological tests considered to be sensitive to the
five principal demans. There 1s no *gold standard'
that determunes the existence and severity of a
cogmitive syndrume. The denved scale was com-
pared with nenropsychological tests that survey at
least part of the five principal network systems.
These mcladed the Wistonur Curd Sorting Test
(WCST) (32) and Frontal Systems Behgvioral
Inventory (FRSBT) (33) for the fonial netwoik,
the Wesiern Aphawia Battery (WAB) (34) coeffi-
cient fo1 the tefi hernisphere language network, the
Rzy Complex Figure Tust (RCFT) (35) for the

right hemmsphete network. the Visual Obiject and

Space Perception Battery (VOSP) (36) progressive
silhouette subtest fin the coupitoterporal network
and the Repeatanle Battery for the Assessment of
Nearopsychologicai Ratis (RBANS) (37) memory
subscales 1ot the memoty and lmbic notwork
Stroke team members schooled m neuropsycho-
logical tests and newsopsychologsts administered
thest metric tests, different to the bedside adrun-
istrative personnel

Refiabiliy

Inter- rater ieHability was determined by omparing
the scores of two independent raters denved from
the stroke leam. Each rater was bhnd to the satings
made by the otier Inier-tater rehability was
conducted m 27 patients and dewermuned by
calculating the Pearson r-value,

Stroke protocol

All paijents had 2 standardied stroke profocol
evaluation incorporating complete blood count,
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electrofvtes, blood wrea nitrogen, creatinine. fipid
panel, homocysteine, C-reactive protein, chest
radiograph. electrocardivgram, muitimodality
(GE 1.5T) MRI (Tl and 12), fluid attenuation
inversion recovery {FLAIR). diffusion-weighted
imaging {DWI) magnetic 1esonance angiography
(MRA} (intiacranial and cervicocephalic), echo-
cardiography (transihoracic or transesophageal)
and duplex Doppler sonography Standardezed
qualitative stroke scotes included the Nationdl
Institute of Health Stroke Score (NIHSS) (38) and
Rankin sccres (7).

Sivgke seveiity and etiology

Lesion severity was graded with the NIHSS and
stroke etiology was evalvmated according to the
TOAST classificaben ¢Trial of Org 10172 ir Avute
Stroke Tral) {19 by onc of the iwo stroke
peurologists (MH and AM) Aq expanded veision
of the caregory ‘other’ was used: cerebral veaous
thrombosis, vascahts, prothrombotic disorders,
dissechor and other vasculopathy such as poster-
101 reversible encephalopathy syndrome (PRES)
eclampsia. cerebral vasospasm. dolichvectasia and
migraine-eleted stroke (39).

Neurcomaging

Leson location and cerebral localization using
MRI was peiiormed according to the 3D co-planai
stereotaxic digital human biain atlas, Cerefy Chn-
wal Brain atlas version 2.0 {2004} {40).

Statistical analysis

Descitptine analysis, Including mwan values, 95%
confidence srtervals and standard deviatons for
continacus vanebles aind {reqguency disuibntions
for categoncal vanables, were obramed for all study
rarameters. 7-tests were used io compare mean
values and a value of P = 0.05 was regarded as
statisticallv significant. Associations between con
tinnous variables were anaiyzed using Pearson's
product moment correlaiion (in particular NIHSS
and to the Coconuts score). ANOVA was used to
analyze differences ir mean Coconuts score by iesion
location and the Tukey test used to compare inter-
group differences. Ail analyses were run in SAS
version 9.1 (SAS Institute Inc Cary. NC, USA}L

Results

The overall mean age of the patient cohort
(m = 238Y) was 62.4 years (SD 16.38;, women
1187 (49.7%), 1ace eihmicity included white 1717

Cognitive neurological assessment in stroke

(71.9%). African Amencan 352 {14.7%) Hispanic
157 (6.6%) and other 163 (6.3%). Handedness
included right 1664 (69.7%) left 45 (1.9%), ambi-
dextrous 12 (0.5%) and uncestain in 668 (27 9%).

After the exclusion of the patierts with persisting
coma {n = 216) and encephalopathy (n = 144;
fiom the aralyses of the 2389 stroke registry
patients and adding back 1! who recovered from
coms and the €5 who recoversd from encephalop-
athy sufficiently within ihe first month to allow
cogniive iesting yieided 2389 — 284 — 2105
patients. The 309 TIA padents were also excluded
to leave a final number of 2105 - 309 = 1796
patients (Fig 1}. One or more coguitive disorders
were present in 1569 of 1796 (87%). As and overalt
comparison. cognitive disorder frequency among
stroke (1569, 1796; 87%) and TIA (112/309; 36%)
patients was different (£ == . 0.001) was different
For the purposes of the remainder of the study,
TIA patients were exciuded

Sesttivity, specificity, cositve and negative predictive values

Overall, the sensitivity of the Coconuls scale was
91% and shecificity 35%. PPV 88% and NFV 41%
of the cognitive test vs struke lesions using MRY
{DWI or FLAIR) {Ihg. 2)

Distriminate validity

Separate from the stroke group study. a group of
27 normal volenigers weie iested and a normai
Coconuts score of 1.9 (SD 16) was determined:
hence, a score uf 3 5 was regarded as abnormal.
For the Coconuts subtests. the mean memory score
was 86 (SD 067), frontal 03 {SD 1.1}, altention
and conceniration 0 13 (SD 043) visuospatiai § 3
(5B 0 5) aad compiex visual processing 0| (SO
(.3} For these snbscales, abnonnal scures were
defined as mean + 1 SD For subscaies ratiug
orientztror, language ‘prawis, emonon, neglect,
anosognosia, prosody and delustonal musiderhifi-
cation syndrome, the score was 0. Therefore, any
er1ot was iegarded 45 abnormal (Table 1)

MRt abnormal  MRI novmal Suhtotels
Coconut test abriormal 1376 b1+ 859
Coconut test normal 40 a7 ax
Bubtataly 156 280 1786

Figure 2. Magnetic cesonance umeging briin va Coconut test-
me resuils sensitivity. coocificity. positive ana negstive pre-
dietive valugs in i 796 patenis.

165

28



Hoffmann et al,

Table 1 Coconue ruenal =ast wein vaives and SD

Me:n S0 Meas 7 8D
Total ) .58 E]
Riermory g &7 2
Trontal 8.3 1.1 0
Attention {se .l T G.13 043 10
Misuaspahal %3 a5 G

e [ 03 n7

The zoupt was rennge: up or dow 1 the roamst whals nuader. Fy the sativas
of oriein ok, kanguaps, (venE SAOLON, N8 est PDEOgNOsIA. Ciusody sad DNV'S,
the score was O thus sy goitt wis regarddd as abnormet. CYP poimpies wis 0l
pocessag &3, Smncars devation.

In order to assess for difterences between the
normal and stroke groups, total score petfo:-
mattees on the Coconuts were compared using
independent rtests. The rean scure of an age-,
gender- and education-matched gronp of 17 stroke
patients sampling five iegions of mterest {frontal,
patieto-occipital, temnporal, subcortical, subferntio-
nal) yiewled 2 mean score of IR7 (8D 1035,
test = —~§ i, P <00001). For the ttontal stroke
goup, the score was 220 + 138 the subcortical
gray matter was 204 + 72, spbeortical white
matter 862 151, parieto-ocepito-iemporal
168277 apd subtentorial 12. 6 £ 3.8 and
norma! group 21 + 1.6, Comparisons for each
pair revealed that the normal group differed
significantly from all the stioke topographiwcal
groups. Withan the stroke group, the fronia!
grovp differed mgmficantly from all other siroke
eniities as well as the normal group (g, 3).

Construet {earrelationall validiey

Coconuis subscales were developed te assist the
clirician in deseribing the neurocogaitive sequelae
of strokes in different rcgions of the brain. There-
fore, total scores as well as ROI scores were
evaluated between MRI-identified strokes as well

504
40
PRl
o) | O
Ipm'scg'n:w' 5:17'\ Fack Par
Categanes gl;;jml"

Figure 3. Analyss of * auance awont scores by waegories,
Legend: F. fiontal: Pet. pareto-ocipiiotempozs’, Scg,
subcoriical gy matzer: Scw. subcortical white macer; St,
subtentorial; ™, 10! mals.
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as other measures of cognition ard ratings of
patieni functioning.

Frontal networks

The Coconut frontal network scores vs FRSBE
total family rating) Spearman correlation 0.7214
(P = 0.085) '

Tne Coconut frontal network vs WCST ertor
perceniage I'score was Pearson r =: 059 (F ratio
2.9, P = {.04 ryawstic polynomial fit).

Lafi hemsphere netwarks
The Coconut Jleft hemisphere network scores vs

WAB. Spearman correlation: 0.9747 (£ = (1.0048).

Right hemisphere networks

‘The Coconut visuospatia scores vs RCFT, Speat-

mar cotrelauon 0.9485 (P = 0.0138).

Complex visual precessing natwntks

The Coconut zoraplex visual processing score vs
VOSP progiessive sithcuette subtest: Spesrman
cowrelation. 0.9177 (P = 0.028)

Hinpocampal limbic ngbworks

Coconut memory scote v RBANS subtests,
Spearman correlation: ~19515 (P = 0.0001).

Fxaminatun himing

Iz netmal volbmteers. the evaminstion iming
134 mm (5D 2.4,

Inter rater raliability

Two examiners with kapoa vilue of 0 94 indicuting
excellent agreement

Cogn-ave syndromna frequencies

I. The lert hemuspnere netwoik syndrome fre-
guency was 64671796 (36%) inciuding aphasas
{(625/1796. 34 R%]}. wilk subtypes Broca's apha-
sia ¢ = 225 anomic aphasma (x = 193),
giobal aphasia (r ~ 1513 subcortical aphaga
{n = &%), transcorticsl aphasia (4 = 15), Wer-
nicke’s aphasia {1 = 12}, conduction aphasta
(7 - 7). aphemua {n = 3), pure wotd deafness
(n - 24, Gerstmann’s syndrome (1 = 10) and
the anguiar gyrus syndvome (1 = 1),
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2 The bippocampal limbi network for amnesias
and emobional disoiders. a = 397 (22%)
including dysmemory (n = 379} emotional dis-
orders, IEED (# - 17) and Geschwind Gastaut
syrdrome {7 = 6),

3. Prontdl fincluding prefrostal) network syn-
drome frequency was 90871796 (S1%) and
only mefrontal was 581/1796 (32.3%)

4. The nght hemisphere network nchuded
p.o= 275 (15 3%} instapces with components
of meglect (n = 17%): anosognosia {n = 115),
visuospatial dysfunction (# == 70} and aproso-
cha {# = 43).

5. The ocopiotemporal nerwork for complex
wvisual proeessivg (¢ = 107 6%) mcluded
instances of alexias (4 = 45). simultanagnosia
(n = 22). achromatopsuas (7 = 15), pioso-
pagoosia (2 - 1¥), object agnesas (u = 25)
Antons syndrome (# = 4), coctical blindness
{7 = 5) simple visual hallucinations (- 1)
complex visual hcliucnations  (autoscopy,
peduncular and palinopsias) {(# = 9} and
visual illusions (2 = 9} (upside down vision,
micropsia, polyopia. astereopsis and akinetnp-
s1a)

6 The muscellanwcus  network  syndromes
(7 = 481. 27%0 )y with less well-defined localiza-
tion included apraxias (n = 139}, acalculias
(n -~ 292), delusional musidenufication syn-
dromes (n = 33} disconnention syndromes
tn = 4). ncluding alien hand syndrome
(n = 1), taciile allesthesias (0 = 3), geogiaph-
ical dworientation or planotopagnosia
{n = 10).

Discussion

Thys study attempted to embrace the wide array of
neuracognitive 2nd principal reuropsychiatiie con-
ditiors found m stroke conditions by employing a
scale tnat is practical with pood vahdity. As brain
lesion localization loday @ accurately depicted
wsigg nultmodality MR or CT unaging, 4 more
pertinent challenge 15 w ascertain the degree and
nature of newiological defictt and the hixely etiol-
ogy te enable approprizie measuiement, moutivr-
ing and treatment However, this requires
interdisciphnaiy collsboation with  behavioia:
neurology. neuropsychiatry wnd neuropsychelogy
for optimum 1epresentation of brawn-1and svn-
dromes kuown o us,

The rclatively good sensitivty but low speci-
fiaty of the Cuconuts tesi may be explaiped
using MR imaging being oversensitive and that
some sifent braia lesions may not be associated
with significant cognitive impaiiment, Alterna-

Cognitive nearological assessment in stroke

tively, all bramn fesions are supposedly associated
with some degree of cogniiive impairment but
oui testing is ridimentary The sole deficit of
isolated vght temposal lobe stroke may be a
compies cogmitive syndrome such as Gesehwind
Gastart syndiome Rather than be localization
obsessed, perhaps moce useful information 13 the
nature and exten? of cognitve disturbance as a
finctior: of streke eticlogy or mechanism. MR
inaging is @ saperb modality for depicting the
localizaticn of a lesion or lesions well beyond the
capabilities of chnical and cognitive examination
However. ravealing non-elevant other lesions
and chmcally sileat kesions is a potential pitfall
In adodtion, advanced nemiovmaging may not
even sbow ihe lesion at all despite a clear-cut
clinical syndiome.

The high frequency of frontal disorders (51%} is
a relativeiy novel fnding in this studv that varrants
moie precise measirement ir & stroke population
s 4 form of measurable neurological defiuit that
requires monttoring  The elatively hgher left
hemisphere network syndromes (36%) as opposed
to mght hemusphere networks (15.3%) might be a
reflecton of the. mereased likelihood of jight
hemispnere syndiomes ¢ oe climcally “silent’
which in twn may be Jdue to ow paucity of
appropuate tests. Moleover, the left hemisphere
language network is more easily dragnosed beeause
of sneech mparment Tae 22% Luppocampal
hmbic petwork frequency is largely contnbuted to
by memory disorders. This in iesel 15 a controver-
sial area with memory coirponents being widely
distributed 1 the cottical networks. However, the
chrcal ranionale 15 that the hippocampus 15 an
mportant orchesirator of memory prucesses apd
at least for now thus understanding remains clin-
ically useful. The relative paucity of occiplictem-
poral network 1epresentation (6%) 15 best
explained by the posterior crculation receiviug
only one quarter of cerebral blood flow with
consequently lower wncidence of cential embol-
genic potenial as well as & lower likelikood to be
mvolved in large- and small-vessel cerebrovascnlar
disease A distinct difference though 1s the prede.
hetion for vasospastic cerebrovaseular disesse
(PRES syndrome and eclampsia) ro involve the
posterioi circulation with ensuing cognitive syn-
dromes such as visual agnosia, simuliansgnosta
and Balint’s syndrome. The relaively laige pro-
portion of miscellaneons syndromes (27%) refects
our nascer! and incomplete understanding of
cerebral networks and their relslion to cognitive
syndromes

Behavioral neniolugy and nevropsychiatry share
miny cognitive syndromes. The syndromes
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regarded as neuropsychiatric in this study include
apathy (abulia), dismhbition of the fiontal pet-
work syndromes, delusional misidenufication syu.-
dromes. anosognosias of nght hemisphere origin,
Geschwind Gastaut syndrume, TEED of iemporal
fobe ongin and sensory . hallucinations, Husions
and deivsions seen -with posterior circulation
1schemic events. This sivdy emphasizes the ‘mpor-
tance of a cross disciplinary (behavioial newoloyy,
neuropsychiatiy and neuropsycholegy) dpproscn
te coga’tive syndromes seen in siroke.

A potential cibeism of the study is the compila-
ton of ordinal and nominal values into a tolal score,
1n that this presents methodological problems when
viewed from & n:athematical pomnt of view. How-
ever. sumtar to other tests that do this mos! notably
the MMSE, FAB (Frontal Assessment Batsery) ard
ihe NIH stroke score, the total scoce or mdividual
domain scores serve more to alert the chinictan or
mvestigator to a problem at hand (muck hxe the
ESR does for us in mtetnal medicine) rathe: being
specific aboul what it 15, The total score 15 less
impountant than what it signifies. At the very least, we
know that a cogmtive domain (o1 the overall score)
spells impencing cogritive impairment of some
Kind, whichk ihen neceswitates mote. in-deptlt nevro-
psychological testing, The Coconut examination 15
able to chscern with much greater clanty the rature
of une cognitive deficit (when compared with MMSE
forexample) that requires further atiention ltis true
that one pownt for the diagnosis of an Anton's
syndrome for example might not have the samg
import s one missed woid op five-v ord memory
testing However, what is more important is that the
vast arcay of cognitive syndromes known io us has
at least been tapped into a more comprehensive
manner than any other screening test currently does

Cognitive impairment was determined to be the
most frequert. the earhiest and the subtlest presen-
tation of cerebrovascular disease (10). Tn addition,
it was showed that approximately one in sin
patients had cogmtive impairment before stroke
onset {41). With cognitive competence {or cognitive
f.ness} and quality of life closely tted and cogmitive
well-being regarded as the most important factor
for institutionalization. and a more powerful pre-
dictor than age and physical impaiment (42).
Alzheimers disease and siinke share many risk
factors such as hypertension, hyperfipidemia,
smoking and homocystaine For every person
with Alzheimess or siroke, wo have vascular
cognitive impatrment, because of the preclinical
nature of onset of cerebiovasculat disease (43), In
Hachinski’s words, the opportunity for intervention
is unprecedented (4%). However, the wdentification
of the subclinical cogmtive impairment is ail the
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moere importani and this study has focused on a
method of efucidation of the fascinating panoply of
presentation of e limping brain. Continued
advances ir ows understanding of frontal network
syndiomes and their frequency in stroke augur for
renewed intercst in neuropharmacologicat trest-
ments (44)

In eonclusion, cognitive syndromes are present
in the vast majority of patients with stroke Clirical
stroke scale evaluations that ignore the manv and
vatied behavioral neurological or neuropsychiatric
syndromes are not icpresentalive of the patient's
peurological siatus,
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Appendix (Continued)
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Chapter 5. Discussion of Results

Critique of Coconuts

Apart from very good sensitivity, specificity, positive and negative predictive
values of this test, the most significant clinical finding was a 51% frequency of
FNS, diagnosed by this tool. This is in marked contradistinction to the initial New
York based HCFD study and of 9.2% frequency in the Durban Stroke Data Bank
Study, but perhaps not surprising in view of the extensive frontal tests employed

and spanning at lest 3 clinical brain disciplines.
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2. A paradigm shift proposal was studied, in which, rather than focus on lesion

localization, the lesion seen on a brain scan was evaluated for associated

cognitive deficits

As brain lesion localization is very accurately depicted by MRI brain scans, a
more important diagnostic process that impacts management and prognosis is
the associated nature and extent of cognitive (and elementary neurological)
deficits, given a particular lesion. The diagnosis of certain signature
presentations helps to create a type of cognitive compass for focused testing. In
this respect, brain scanning can assist by directing the testing procedure [26].
FNS in particular, are most important in this regard, as the frontal circuitry is most
expansive and a lesion almost anywhere in the brain can cause a2 FNS. Hence
they are the most important to measure no matter where the brain iesion. In this
regard, FNS may be viewed as a kind of “ESR” (erythrocyte sedimentation rate).
The ESR is a laboratory test frequently used in general medicine, as a general
alerting measure of detecting a problem in the organism, mostly that of
inflammation of some kind. The signature syndromes and associated etiologies

were summarized in the attached manuscript [80].
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Bactgraund - Cognitive syndiomes (CS) after sireke may be
mportant to measure and mor’tor for mankgemen: and emeiging
therapics, .{im - To describe the specirum and frecuency of CSs in the
first monih afier sirvke and to relate these to stroke eiiology and
toporgraphy Methods - A vahdated cognitive examination was
adminisiered duriag the hrst month of stroke presentation and
anaiyzed sccording o five large-scale net vorks for cognitian and
vorielaied with neuropsychological tesis A multrvariate analysts was
performed to determine association of CSs with etiology {TOAST
classibication), topography aad neurotogeal deficit by National
Insttute of Health Stroke Score (INIHSS). Results— Of a total of 2105
patienis, one of more patients with CS was present in 156971796 (37%}
stroke paiients vs [12/309 (36%, P < 0 001 transient ischenue attack
{TIA} natients The frequency of troatal network syndrumes (FINS)
was H08 71796 (51%). lefi hemisphere network {LH} syndromes
64671796 (36%), night herisphere (RH} networn syindromes 275- 1796
(15.3%). ocerpitotemporal network (OT) syndromes 1071796 (67%),
hippocampat timbic (HL) network syndromes 39771796 (22%) and
muscelianeens (M) svodromes 481 /17196 (27%). Stroke etiolngy and
thenr signafure CS by multivariate analvses revealed significant
associacrons for LH with cardicembolism (OR 1. 61, P = §0029), FN5
and ‘other etwology (OR 1 96. P < 0N00F) and HL. also for other
eticlogy (OR 1.57 P = 0.0026}. Coma {OR 2.95, £ < 0.0001) und
cacephalopathy (OR 242, P < 0°0001 ! were boin associated
signrficant’y with hemorrhage. A lets hemisphere lesion was associaicd
with LH CSs (OR 9.26, P < 1.0001). An FNS was assocrated with
fronial lesions {OR 519, - G 0001) as well as subcoiticut lesions (OR
131 P < (.0001). Fhe M group of C8 was associated with sublentorial
(OR 1.86, P = 0.0283) and right hemisphere lesions (OR 2.47.

P <0.0001) The LH and RH syndromes had the nighes: NIHSS and
differed significantly from all others Concfusions - (1) CSs are present
in the vast majority of stroke patients. (2) Particular stroke eiiological
sublypes rre associated with spearic C8. (3) Certam signuture €S
resulss from lesions that relats to the major anatomical cognitive
aesworka,
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Background and aim

Cognitive irupairment is present in the majority of
stroke {1 3}, transient ischemia attack patien(s
(4) and non-stroke patients who have cerebrovas-
cular risk factors (5). corrchorated by aniinal
models (6, 7). Cognitive syndromes (CS) have

been: undervalued in the siroke assessment iera-
ture (8.17), despite the conundrum of behavioral
neurofogy and neuropsychiatnc syndromes that
have been described i assoclaiion with siroke
Nowadays. with excellent lesion localization by
multmodslity magnetic resonance imaging not

in question, the nature and degree of cognitives

Ly}
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neurological deficit become all the more important
with the so-called sileni brain lesons requiring a
clinical correlate. A paradigm shift has also
occurred in cognilive cerehrovascular medicine in
that the term vascular dementia has been redefined.
Vascular wognitive disorder is the modern umbrella
termn which includes & numbe: of entities suzh as
strategic infarct dementie. single and muliple
stroke with cogniive impairment leukoaruoisis-
related subgortical impairment and vascular
dementid (8). A newly coined entity, mild cognitive
mnpaiment o ihe vascular type (MC1-V) and the
brein at nish stage aie even mote recently appre-
ciated concepts that arc jikely to be common {18).
These developments in vur understanding irecessi-
tate a tresh Inok at the spectrum of cognitive
disorders m stroke We sought to study these
cognitive vasonla: syndromes m a laige siroke
prpulation #nd related them to sicoke etiolopy
*opopgraphy and stenke severity scores to facilitate
chncal ideniification and monitoring of oveiall
reurological deficit

Wethods

Consecutive stroke patients, aged 15-90 yeais were
accrued through a prospectively coded; cedicated
cogpitive siroke regisiry., as part of a terhady care
JCAHO pnmay and Comprehensive (AHCA)
Stroke Center (Floiida) All pat:eats were exam-
med and managed by bomd certified neuroiogists
The Siroke regist:y was approved by the Unwer-
sity Insittational Review Board and in comphance
with HIPAA regulations. A0 paients signed
informed consent for ihe evalvmatien and the
collectsion of their neurological. medical and
neurocognitive data

Extlustons

Stroke vicims were excluded fiom the study if
there was a history of dementia. or other neurode-
generat.ve disease. moderate and severe depression
screened by the Carsoll Deptression Scale (19)
inability to complete all ihe subtests and less than
8 years of educational. Moderate and severe
depression were exclusions because of its effect
on vognitive testing. Persistent obiundation, met-
abulic detangement, encephalopathy or coma was
recorded but cognitive testing was peformed only
in those recovenng sufficiently withiz a month.

Cognitive testing
The cognitive examination (COCONUTS: Com-
pichensive Cognitive Neurological Test in Stroke}

162

{Apvendix 1) was administered during the hrst

month of stroke presentation recording a cognitivae.

deficit score and ihe number of CSs (20). The CSs
were giouped into fve principal catepories 1o
reflect ihe five major large-scals networks for
cognition and one miscallaneous goup (21).
These included a {1} prefrontal subcortical nes-
work for executive function, (2) left hemisphere
network (upbasias, Gersimann's and angular gyrus
syndrome}. (3) tight hemisphere (anosognosuas,
neglect syndomes. visuospatial and aprosodias), 4)
hippocampal hmbic network {memory and emo-
tional disoraers), (5} occipitotempaoral newwew k for
complex visual processing {alexias simultanagno-
sia, achiomatopsias, prosopagnosia, simultanagn-
osia, object agrosias.  wisual hallacinatiops
illusions anc delusions) and (6) a miscellaneous
gioup for less well defined network associations
such as dyscalculias apraxias delusional misiden-
tification syndromes and disconnection svndromes.
Neuropsychiatiic syndromeés incorpoiated i these
neiwotks mciuded emotional disorders such as
Involuntary Emotonal Expression  Disorder
(IEED), detusional misidentification syndromes.
apathy, disinhibition, delusions and Geschwind
Gastaut syndrome,

Stroke protngo)

All patients had a standardized stroke protocol
evaluation IncQrpoiating complete blood count
electrolytes. plood urea mtrogen, creatinine. hpid
panel, homocysteine, C-reactrve proiein, chest
radiogtaph, elecirocardiogramn.  multmodality
MRI T2, T2). flunt attenuatios nverssion iccovery
{FLATR), difluston-weighted meapmg (DWT) mag-
retic resouence angiogrephy (MRA) (intracrantal
and cervicocephane), echovardiography {transtho-
iacic or trapsesophageal) and cervicocepbsdic
duplex Doppler sonogiaphy. Standardized quanti-
tabive siroke scores factided the National Institirge
of Health 8troke Score (NIHSS) (14) and. Rank:mn
scores {16)

Stroke sevenity and stiology

Lesion severity was graded with the NTHSS.
Sioke etiology was evaluated according to the
TOAST classification (22) An expanded version
of the category ‘other’ was ased that includcd
corebral venous thrombosis, vasculits. prothrom-
botic disorders, dissectton and oiher vesculopa-
thy such as posterior reversible encephalopathy
syndrome (PRES), eclampsia. cerebral vaso-
spasm. dolichoectasia and  migraine-related
stroke {23}
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Neuraimaging

Lesion location and cerebral localization by MRI
was performed according to the three-dimea-
sicnal  co-planar  steieotauc  digital  human
bramn atlas, Cerefy Clinicai Bramn atlas «ersion
2.0 (24).

Statsiical anaiysis

Descriptive analysis. including mean velves, 95%
confidence mtervals snd standard dewiations for
continaous variables and frequency distributions
for categorical variables was obtawmed for all study
parameters r-Tests were used (o compae msun
values and a value of P£005 was considered
siatistically signihcant Associzhons between con-
tinnous varables weie analyzed using Peaison's
product mement correlation All anslyses were run
in SAS version 9.1 {(SAS Institute Inc.. Cary. NC
USA). A multivariate logistic regression was used
to defermine 1’ there was any associatiop between
cognitive networks and etological classifications.
The cognitive networks of intensst were left hems-
sphere. :ight hemusphere. frental network syn-
drome (FNS). limbic-hippocampal circurt  fou
memory and emotior, eccipilotemporal netwo:k
and mscellazeous. These dependent variables
based on COCONUTS scores were recoded as
binary {yesno} for each patent The cuolegical
classirications inciuded in the models were cardio-
embolic, hemorrhage, large vessel disease, small
vessel disease, TIA, other and unknown. These
tndependent variables wers also coded as binay
{yes/no}. Stepwise multivaniate Togistic regression
anilyses wer: used to deternune the significant
etiological and topographucal associations for each
cogritive network deficit

Regults

The demogianhic details of ine natient cohort
(= 2389) includud a mean age of 62.4 years (SD
16.38), gender — female 1187 (49.7%), race ethnie-
ity meluded white 1717 (71 9%), Africar Amencan
352 (14 7%), Hispanic 157 (6.6%) and other 163
(6 8%) Kandedness included night 1664 (69 7%),
left 45 (19%5, ambidextious 12 (0.5%) and
uncertan In 668 (27 9%). Coma (n — 216) and
encephalopatly {(# = 144} were excluded from the
analyses for cognitive evaluation 1a the tegmstry
except for the 11 whe recovercd from coma and the
65 (total subiracted trom 2389 — 284 = 2105) who
recovered from encephaiopathy suffciently withm
the fisst month to allow cogmitive testing, One or
muore cogmitive disorders were present 1n 1569 of

Vascular cogmtive syndromes

1796 (87%} stroke patients (P < 0.00¢) vs 112 of
309 (36%) TIA pauents. The 309 TIA patients
were not included in the remainder of ihe analysis
yielding a study number of 1796,

Cognitive synorame iraguencies

1 Fronial neiwork svndrome frequency was
5081796 (51%) and only prefrontal wag
581/1796 (323%). These included instances
of mpawed seiial motor programming,
reduced word list generation dbility (executive
functior}, unpaired enviieamental autonomy
(imitacron behavios 2nd wiilization behavior).
abula, disienibition, impersistence and persev-
eration.

2 7he left hemuspheié netwoik syndiome fie-
gquency %as 64671796 (36%), which wmcluded
aphasias (625/1796. 34.8%) and theix compo-
nent subtypes and relaied disorders. Broca's
aphasia (z = 225), anomic aphasia (2 = 193),
global aphasia (# = 151), sabeortical aphasia
{# = §5) transcortical aphasia (n = 13), Wer-
nicke's dphasia (n = 12), conduction anhasia
(n = 7). aphema (n = 1), pure word deafness
(n = 2), Gerstmann's syndrome (1 = 10} and
the angular gyros syndrome ¢ = 11),

3 The ugnt hemisphiae retwork included n = 275
(15.3%) mstances with comporents of peglect
{n = 173), anosogaosia tn = 115), veuospatial
dysfunction (n = 70j ana sprosodia (n = 43)

4 The occipitotemporal network for complex visnal
processing 7 = 107 (5%) mcluded instances of
alemas (# - 45), simultanagnosia (v = 22),
achromatopsias (= 15}, prosopagnosia
(r = 18), obect aghouias (¢ = 25). Anton's
syadrome {(n = 4), cortical blindness {# = 5),
simple visual hallucinations {1 -~ {0}) complex
visual  hailucinations (aciuding  autoscopy
peduncular and palinopsias) # = 9} and visual
liustons (# ~ 9} (npside down vision ‘nicrop-
sia. nolyopia. asiereopsis and akinetopsia)

5 The hippocarapul limbic networl. for amsesias
and emotional disorders (= 397 22%),
metuded instances of dysmemory (i - 379,
emotional disorders, IEED (n = [2) and
Geschwind Gasiaut syndroms {# = 6},

6 The rmuscellaneous network  svndromes
(n = 48%, 27%) with less well defined localiza-
tion inciuded apraxias (» = 139), acalculias
{r = 292}, delusioral misidentification syn-
dromes {# = 33), geographicei disorientation
or planotopagnosia (1 = 10}, disconnection
syndromes (# = 4), tactile allesthesias (n = 3)
and slien hand syndrome (5 = 1).
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Tabis 1 Multi.ar'ste anaiysi of copnitive Ratwarks: by 'ology and iotatian

Goy vetwirs Etiagy OB, Fvie)

Locavon (ZR. Ryaiue)

L4 hemisphere  Ca.Cioam % 161, 0.0028)  Lefl Jer (928  0.0001}
Purietal 2,27, « 0 00011

Fronta)l ratwork Crar {196, 20001, Fovca 1 be (5,19, <0000}
Subeor sws (181, 30001}
Lombit  nerery Jise. [L57 0.00%} Nt
o hotespaarn N Lt hum 110.32, <DOBHS
Pane.al 1, <00001)
Decipitovemporal i, Orciphial [ 4, <G.000
Leat 1 1184 CGMBY)
Msep' o Nit bgiem s vereh ;105 GU283,

Rizr ham {2.67, - %.000%)
C.ra Homerthags |2 %o, <2.000°) Nsi
Encep’:elorathy Hamg: g f0 87 000N Agtam fcenet 13,08, 0.0001;

Right reas 27 <HO001)

Stroke etintogy and their signature cogoitive syndrons —
rmultivariate analyses

Significant associatrons were noted for aphasie
with cardioemboelhism, FINS and ‘otber’ etiotogy
(vasculitis, nrothromboirr and dissection) and
hippocampal hmbic also for ‘other’ ctinlopy
(Table 1Y According to the multivanate aralyss
model, smalil vessel diseans, large vessel disease and
cardioembolism may cause almost any C8 ip this
study. Subgroup entities. such as vasculitis. cere-
bral venous thrombosis and posterior ceversible
encephalopathy svndrome (PRES), mzy also have
what may be teimed signature CSs. The smaller
pnumbers tp these groups do not allow any statis-
tical analyses, but rather descriptive comments If
vasculitis was diagnosed, there was a clear prepon-
derance of FNSs in these pauenls with 17/26
(n53%) hawing associated FWNSs. Prothrombofie
states and cerebral venous thrombosis had FINS
frequency raies of 24768 (335%) and 10/79 (34%)
respectively, With cerebral venous thrombosis
hippocampat limbic (9/29, 11¥4) and cccipitotem-
poral networks {9/29; 31%) were the other most
frequent cognilive impajrment associations wath
some coexistiag. The three patients in the registry
with eclampsia as a subtype of the PRES syndinme
afl had simultanagnosa with. two also saiisfying
the triad of Balints syndiome. Predictably. coma
und encephalopathy weve significamiy assotated
with hemotrimge.

Lesion locarization affectiny cegnitve networks ~ muthvarate
analyses

With the adv.ntage of accuiate topogaphical
diagnnses by multimodality MRI or CT bram
scan rmaging, 1t would be helpfu! to know what
CSs may be most proannent or likely given a
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specific anatomic locaticn. Mot unexpectedly, a left
hemisphere lesion was significantly associated wath
syndromes such as aphasia Gerstmanns and
anpular gyrus syndrome. However an FINS wus
associated not only with frontal lesions but also
with subcortical lesions, The misceflaneous group
of CSs und encephalopathy was significantly asso-
clated with brainstem. cerebellum and right henu-
sphere lesions (Tabie 1).

Nevrolugics! dafisit by WHES and rogoitive natwork syndromes

The five principal cognitive networks had widely
differing NTH stroke scores. The left humisphere
network had the highest (mean 97, SD § 1,
followed by the right hemisphere (mean 2.5. 8D
7.0 aerwork, wheress {rontal network {mean 5.2,
SD 57, hippocampal limbic (mean 347 SD 42;
and occipitotemporal networks (mean 6.0, 8D 6 1)
had relatively low scores The right and Teft
hemisphere NTHSS diteiod significantly from ail
others ay did the froptal network and ocoipitotem-
poral The hippocampal Imbie ccuit had the
lowest mean NTHSS ard differed from the previous
two groups as well (Fig, 1)

Discussion

Bren lesion localization today & accuaiely
depicted by multimodality MR or €T maging
Rather than be localization obsessed, a mote
pertinent challenge 55 to ascertar degree and
nature of newological deficil and the hkely etiol-
ogy 15 to enable appropriate measmement, wmon; -
toing and trestmert. MR imaging 15 a superh
modality tor depicting the localization of 2 lesion
or lesions often well beyond the capabiities of
clinical and cogmitive examination. However

35 &
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o ¢

[ ple ) of botls | orhdmeop Rightheon ANRLS
Ran kacme.
Cog myoork: a07

Figure 1, ANOVA of NIHSS bv copnitive neiwoks FN

frontal newwork. Hipp Lim, mppecimpal bk, Left Hemis,

Fufi hemusohere; Ocvipiioiemp, aveimtoremporal: Right hemis,

gcg;lli hemisphera: N1MSS, Nunoral Insitute ol Health Stroke
6.
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rvvealing non-refevant other lesions and clinically
silent lesions is 2 potential pufsll. Contrariwise,
advanced neurvimaging may not even show the
lesion at all despite a clear-cut clinteal syndrome.
In addition to the CSs and likely mechanism
depicted in Tahle 1, with FNS for example, mostly
due tc TOAST "other’ mechaaism and aphssias
most likely dve to cardiocmbolism, some of the
subcutegotes within the other group assucrations
were nolable, such as vascuhts and cerchral
venous thromhosis. For exataple, f vasculitis 15
diagnosed, with the clem preponderance ot FNSs
(17726; 65}, the coiollary is to precisely estabhish
the naiure and degree of the diagnosed FNS to
help momitor the patient. Disorders that frequently
mamifest with relatively small diffuse. multiple or
widespiead cerebral insults such as prothrombotic
states and cerebral venous thrombosis aiso had
relatively high FNS frequency rates of 2468
(35%) and 139, respectively (349%), again uader-
scotng the need to montor FINS 1n such patwents
50 a5.to enable a pronuncistion of mprovement ot
detertoration neurologically. With ceiebral venons
thrombosis, hippocampal lmbic and secipitotem-
poial networks, boih cecurting in approxmately
one-tiurd of patients, were the other most fra-
quently ocovrring cognitive impeirment associd-
tions. In such patients, in addition to moniioring
more elementary neurological syndromes such as
headache and seizures, these USs are thce most
likely to be nresent and require periodic assess-
ment. Ia some synds omes, a specfic C5 15 almost
mvarisble, as in the three patients in the registry
with eclampsia as a subtype of the PRES syndrome
all of whom had simultanagnosiz (and iwo with
Balints syndrome} In a much larger seres of
eclampsia patients, the frequent asscciation of
simultanagnosia has previously been reported.
smphasiziag che importance of tius CS in that
raiticular pathophysiological entity (25).
Although it may appear self-evident thai a left or
righi hemispheie lesion is expected to be associated
with a left or right hemisphere cogmtive network
syndrome, the frontal subcortical networks. hip-
pocampal limibic and patieto occipital networks
have more challenging associations Notably, apy
subcortical lesions 15 invaiiably associated with an
FNS (OR 191, P 1 0.0001), a cirmcal feature uls
seen in multiple sclerosis, diffuse axonal injury and
basal zanglis disorders. The large group of mis-
cellaneous disorders had a sigmificant association
with brainstem, cerebellar fesions as well as right
hemisphere lesions This may imply that we have a
great deal to learn from the cerebral network
localization that may emarate fom lesions
affecting the brunstem, cercbellum and rnight

Vascular cognitive syndromes

hemisphere. The association of frontal disorders
with cerebellar lesions and the entity of peduncular
hallucinosis with brainstem lesions are cases in
point Tmportantly, the encephalopathy group of
disorders were cleaily associated with brainsiem.
cercbellai or tight herusphere lesions, all compo-
nents of the artensional matrix. The negative
associniion of memony disorders with any patho-
physilogical entity speais of the widespread and
diffuse neiure of memory stoiage as well as our
ruqimentary knowledee of memorsy function

There wete significant differences in N1HSS
among the different cognittve networks with right
and left hemispheric fesions having hugher scores.
This may constiture a hias in rating elementary
neurological defictts such as sensonmotor deficits
over thai of cogadivz impairment  a moot pont
Hawving one cogmtive defivit over another would
menr different handicaps in different individoals
This underscores the need for 4 comprehensive
cognitive assessment an dddition to an appreciation
of more elementary neurological impairments such
as weakness, numbitess, visual fieid loss that ase
most weighted in the NIHSS

Cogmitive mipairment 15 the aarliest, commonest
and subtlest manifestaiton of cerebrovascular dis-
case (5} and one 1p sxX patents has cngniive
unpairment betore stroke (263 In addinon, ths
number of newicpsychiatng syndromes identified 1n
this study (apathy. abuliz, disimimbrtion, detushonal
misidentification syndromes, anosognosa, Gesch-
wind Gastawt syndrome, IEED, sensory hallucina-
tions and illusions) emphasizes the importancs of a
cross-disciplinary approach to CSs seen in putients
with stroke Cognitrve competence and quality of
hfe areclosely related and cognitive well-being is the
most important for wstitutionabizaion and a more
powerful predictor thar age and physical impdtr-
ment (27). There is also a grow:ng hterature of the
commonalities in wisk factors and pathophysiology
ot stroke and Alzheimer's disease, Statistically, for
every person with Alzneimer's o1 stroke, two have
vascular cognitr e empairment (28, 29},

In conclusion, with CSs occurring in mos: stroke
pauents, it is nsefil to know that certain stroke
mechanistic subiypes are associated with specific
C8s. Moreover, specific signature CSs result fiom
lesions that affect the different major, anatorically
based. cognitive networks, Neuroimaging may be
viewed as a kind of compass, which 1o turn shouid
suggest certain CSs as well as ikely mechanisms. In
addition to improved moritonng of the deficits,
this informatioil can expedite stroke mechanism
defernunation and then appropriate treatment.
This teslisg approach also 1epresenis an opportu-
Bily to re-establish the pivotal importance of the
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clinical method of ncurology and its rightful
resurrection in the era of udvanced neuroimaging.
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Vascular cognitive syndromes
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Critigue of Vascular Cognitive Syndromaes: relation to stroke etiology and

topography

This study determined that cognitive syndromes were even more common in
stroke (87%), than in the initial registry (36%). Furthermore the relationship
between stroke causes and subtype of CS, was expounded with important
clinical consequences. These findings help with monitoring, treatment and

outcome predictions.
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3. Emotional Intelligence (El) as an important subcomponent of frontal function

This FNS component has been rarely addressed, in neurological patients to date,
including the most common ones, such as dementia, stroke traumatic brain injury
and multiple sclerosis. It is well established that El may be one of the most
important, if not the most important “intelligence” for success in career advances,
as well personal and social achievement. Using the stroke pathophysiological
model, emotional intelligence was found to be affected by diverse lesions of the
brain, however with certain areas of predilection, namely the frontal, temporal,
subcortical and subtentorial structures. In addition there was a strong correlation
with the other principal frontal syndromes of disinhibition, abulia (both emotionally

related syndromes) and executive function [81].
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The impact of stroke on emotional intelligence
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Ahstract

Background: Emotional inteligence (Fi. is \mportant ior personal, social and caree, success and has beer inbzd 1o
the frontal anveriur Singulate, msula anr! amyvadala regions.

Aim: To ascertain which stroke les.on sites impair erotional intehivencs ang relation 1o <nent froata assessment
measurements,

Methods: One hoidred consecutre, Hion pihasic, Independently functioning patients pust sToke were evaiuated
with the Bar Ur: emotionar intelligence test, “knosvn as the Dirotionaf Quotiont s oy {EC-D ane fiontal reses

brair. atlas.

tha: inzluded the Wisconsin Card Sorting Test (WCST) and Frontal Systems Benavioia! inventary FRSBE) for
corelanora valdity. The esults of a srreening, badside romal netwoik syndrome west (FNS) 2nd NIHSS to
aocument neurclogical defizi were also recorded. Lesion location was devermined by the Ueiety digual. coxal

Resufts: Acer exclusions 'n = 8); pauents tested {r = 92, mean age 30.1, 71 529. 47 3 years) revedied that £0-i
scores were conrefated megatively) with ali FRSBE T sub-scores {apathv. disinhibiiion, evecudve, total, wich self
reporced scoces curreliting etter dhan family reported srores, Regression analysls revealed age and FRSBE totaf
scares as the most influntial vardables The WCST eior percentage T score dic no™ corelate with the EH seores,
Basert an ANOVA, there were siyndicant differenues amony the fesion sices with siie. fowes: mean EQ- seores
assoctias with remporal (71.5) and frontal {(87.3) lesiorss t-liowad by tubtertorial (M.7) subcortical gray (926} and
white (957 méiter, 2nd tive fughesi scores assovaiad with panem-ocuapita: zsions (113.1)

Canclusions. ') Steoke impairs E an+ 5 assouaced with aparhy disinhibiton and exscunve functioning. 2 B s
dssaciated with frrnial weinperal, subcurtical and subtestorial stroke syndromes. ]

Background

Emoiional intelligence (EIL) 1s & concept that may be
defined ir different wavs by the psycholomcal and meaical
discirlines that aie conzerned wath its impnattance. The
four-branch inodel (percewving emotrons, facilitaling
thought, Lnderstaning emotions, managing eragtions) of
emottonal intelligence defimtion by Mayer and Salovey is
a councept that appears pupnlar [1). Additionally, Bar-On
has conceptanlezed the El constouct as comprising the
ahilitv to (i) understand emotions and express feelings, (i)
understand how others feel and celate with them (Ey man-
age and control emotions, (iv} use emotons w1 adapting to
one's enviconmeat and (v} Zenerate ind use positive affect
to be setf-motivated in coping witn daily demands. chal-
lenges and pressures [2] El % imporiant for personal

FobT i ot s b snfamrtion o osTely s the nad oF Lz anidle

N
\_/ 1o Wiedd Central =

social and career success [3). El has been studied in both
hesithy people and after brase iliness, For example studies
ot specifi healtny populations including nurses and doc-
tors have also determined that hiph EI results in improved
patient refationships and sutcomes. Suboptimal physician
patient communication has beer correlated with incressed
risk o patient complainis and matpractsee clarms in a
LCanadian siudy of paient physician ~ommunication scores
[4-6]. Studies of the most common cerebral disorders,
namely stroke and dernentia are beginning to imphcate
d ssoluuton of the components of emotonal intelligence.
Frontotemporal lobe disorders (FTLD), the most commeon
cause ot dementia under the age of 60, present with fron.
tal and vehavieral symptoms and syndromes, inelading
duzorders of emotion, empathy vielation of socwl and
moral norms [7] Farthermore, siroke, Alzheimer's disease
(AD} and FTLT) aie reparded as a contmuum of disorders
1w & cfinical phenotypic, nathologic and genotymic sense
[8], with ovarlap syndiomes common and the need for

SO AT tmocet onoer B a0t b e
Tl IR R VA8 3, o 80
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even more precise clinical acumen to differentiate these
disotdes,

El has been Iinked to the frontal anterior cingulste,
ingula and amygdala regions [9}. EI and sttoke have
rarely been fosmally investigated with aniy 2 references
tound by Pubmed search [10,11] i addition to other
brain lesien models [12]. The overall approach for hoiis-
tic bram injury assessment. should be neursicgical, neu-
ropsychiatuic, cognitive, behavioral and emaotionai. Only
neurclogrcal deficii i3 recorded in convent stroke assess-
meni scales, yet the others' may be the most important
from v family, socral, taieer and rehabulitative po.nt of
view. EI hus been embraced by the corpotate world
because of 1ts percerved tramslalon 1nie soctal and
career success {13-15). lmportantly, 1t is amenable to
cogniitve and behavioral intervention progrems (16,171,

Aim

To ascertain which strake lesion sites impair emotionat
intelligence and how this relates to contemporary frontal
255eS5MEnt neasurements,

Methods

Consecutive patients, aged 18- 90 years were accrued
through & prospectively coded, dedicated cognitive stroke
regisary, as part of a tertiary care primary JCAHO (Joint
Commussion on Accreditation of Healthcare Organiza-
tions} and comprehensive AHCA {Agency for Health
Care Admunistration) Stroke Center from Januery 3003
tr December 2008, All patierts (n - 2389) were exam
ined and managed by board cernfied nenrologists, The
cognitive bedside tests were admunistered by trained
stroke team mernhers comniised of iesidenis and stroke
reseéarch nurses who also graded stroke severity. This
cognutive bedside test scréened for # renge of cognutive
disorders in addition to the assessment of aphasia. The
Stroke registry was approved by the University Insitu-
tional Review Board 2nd in comptiance with HIPAA reg-
wations. ATl pattents ¢ignes informed ronsent for the
evaluation and the collection of the their newological,
medical and neurocognitive data, Noa aphasic, indepen-
dentl; functioning patients post stivke were eviluated
with the Bar-On emotional intelligence test {EQ-{} which
is & seHf report, Likert scale assessment, yielding an
Emotional Quotient and 15 a staadardized psychometric
measure of ~arions agpects of émotional and social intel-
ligence {2]. The test was usdally administered within the
first month after siroke but with a runge from 1 week to
6 months post stroke. In additon, frontal tests that pur-
port to measure executive function ana other cognitive
domains were used. These included the Wisconsin Card
Sueting Test (WCST) [18] and the F'rontal Systems Beha-
vioral Inventory (FRSBE; [19], for correlationat validity.
The FRSBL is a family and self rated, rormed, scoring
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instrument that reports measures before and after iliness
for apathy, disinhibition, executive function as well as a
total score. A sereening, bedside frontal network syn-
diome test (FNS) {20] for initial cosnitive evaluation and
NIHSS {21} to document neurclogical deficit were also
recorded. Lesion location was determined by the Cerefy
digital coxial hieir atlus {227,

Exclusions

A histocy of dementia or other neurodegenerative dis-
ease. moderate or severe depression (because of its effect
or cogritive testing), mability to complete all the subt-
ests, subslance abuse and less than § vears educational
fevel. Persistent obtundation, metabolic derangement,
ercephalopsthy or coma was recorded but cognitive
testing peiformea only in those 1ecovering sufficiently
within a month, Completion of both the screening and
cogritive metric tests was necessary for mclusion in the
series, whuch vieided 100 patients for analysis,

Results

. Demographics of patient study group (n = 100)

After exclusions, one hundred consecutive patients were
eligible for aaziyms but because of roissing data (n = 8),
pacients tested ncluced (n - 92, meen age 50 1, CI:
529, 47 3 years), men n = 53 (58%), women n = 29
(42%) race ethnicity, Black (n = 10), Hispanic (n = 8),
White (n = 72, othet (n = 2) The mean education level
I years was 13.8 years {95% CI 144; 13 3, maximum
20 years and minimum 8 years) Ovevall, 38/92 141%; of
patients lested, wrespective of steoke leston site, had
abnormal El scores as assessed by published nommative
data [2]

2. Correlational validity

El rotal scores were negaisvely contelated with al! FRSBE
T sub-scores {apathy, disinhibition, executive, total) and
the self-reported scores correlated better than farmily
reporied scores. The WCST error percentage T score
did not correlate with the El scores (Iabie 1), The
screening fronte! examination (FNSJ corielated well
with total EQ (0408, p < 0.01)

3 Lesion site

The analysts of variance LANOVA]} test widicated that
there were significant differences between the EI scores
srong the 6 leaon sites (F value 5.12, p = 0.0004) The
lowest El scores (repotted in standard scores where
B5-115 is within the normal range) were in the temporal
lobe lesions (71.5), followed by the frontal lesions (87 3),
subtentortal /91.7), subcortical gray matter lesions
(92 6), subcortical white matter lesions (95.2) sad pag-
ieto occipital lesions (113.1), (Figure 1}, Of the 72 supre-
tentorial lesion sites (subtentorial n = 20), the laterally

49



Hoffmann &t a/ BMC Neurology 2010, 10:103
hitpy/fwww biomedcentral.com/1471-2377/18/103

Table 1 EQ Total and EQ sub-scoras versus FRSBE scores
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FRSBE EQ Totat EQ EQ EQ stress EQ EQ mood
seore intrapersonal insterp ament laptability score
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5: Seif report.

F: Farviy report.

A Apathy

0: Disinhbitian.

E Executive Function

T. Teas) seore,

* pvalue at the 0.05 leve’ of sigmficarice
* pvalue at the 701 Jevel of siamificance.

of stroke mncluded nght (n = 37; 51%), left {a = 25 35%)
and bilaterai {n = 10} lesions, (Table 2). In addition in
24 cases lesions were in 2 or more sites 1nt the bram
such as stroke lesions involving more than 1 lobe of the
brain or both subcortical and cortical lesions. Not unex-
pectedly, in the subtentorial group (r = 20), because of
the cential anatomical vascular distribution of the basi-
lar artery, lesions were almost equally distiibuted, rigit
(n = 9), lefr (n = 8) and bilateral {n = 3)

4. Five £l subcategory scares

Intrapersonal Ef cottelated with all the FRSBE scores
except tamily reported disinhibition. Lnterpersonal EI
correlated ongy with the tRSBE self reported svores and
nat family reported scores, The stress management and
adaptability £l scores coirelated with all the FRSBE
scores. The EI general mood scores coirelated only with

E! by lesion iocation
T ol 3
i
Subierig. b AT
i 1
Losbrts VG .
] y -
(B ] -
'rmm! | 1 i
a n :. .‘D l: e 0
Broc, omal 5.oligeacs saniaid soaits
Figure 1 Emotional intelligence scores accarding to stroke
fesion site. i

the self reported apathy, executive and total scores
{I'able I}.

5. Stroke severity and El scoras

There was a weak relationship between stroke severity
as measured by the NIHSS and LI scores {Peatson cox-
relation -0.239 significant at the 0.05 jevel}

6. Regression analysis

Age and FRSBE total scores were significant influentiat
variables to total L1 With 1 yoat of age imncrease, the
total Ef will increase 029 {p = 0.0144) and with 1
FRSBE self repoit T score increase, the total El wili
decrease 0.63 {p < 0.0001). The regression equation;
Total EI = 137838 + 279 {Age) - 621 (ERSBE 5-T).

Discussion

The main findings. of this study concw with recent basic
neutgscience pustulates with respect to the widely dis-
tributed emotional circuitiy in the brain as well as the
close-knit emotion and cognitive processes. Perusal of
figure 2 (with permussivn, Natute Publishing Group) of
the more recently appreciated core and extended emo-
fionai regions of the bramn does indeed represent a
widely distributed cerebral network [9]. Qur research
with the “lesiocn method”, agrees with this model i that
diverse lesions within the stroke pathophysiologsal
model were associated with lowered EI scores.

Clinies! evidence implicating in particuiar the otbite-
frontal cortex as part of the neurai netwosk for emo-
tional intelligence has been suggested by previous
researchers. Saron fiis® ieported emotional quatient
impairment with orbitafrontal vortex jesions [107 Like-
wise, in the study of Shamay-Tsoory et al, patients with
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Table 2 Stroke neuro anatomical supratentorial lesion
sites

Region of intarest Right Left Bilateral Total
T em o 5 1 I\ &
Frone b ] 5 32
Subcorial i, 4 5 =} "
ubicoeial Whike 4 v 2 3
Facietr o ipits] ¢ ? 1 14
Total 72

prefruntal lesions, particularty with lesions of the orbite-
prefrontal and medial fronts! regions were significantly
impaired in both cognitive and affective empathy as
compared to parietal patients and healthy controls [111.
Furthermore, those with damage restsicied to the pre-
frortal cortex, no matter which side, resuited ip
imnpaired empathy Finally in their study, lesions wnvol-
ving the 1ight hemisphere, patienis with parietal lohe
lesions weie also impailed We showed that a much
more widely distributed lesion site network unpais EL
in heeping with the extensive contemporarily appre-
clated neurobiological emotional network. Many ditfer-
ent piain lesions may affect LI and in ow study, Fi i
assoctated with fronial, temporal, subcortical and even
subtentoria] stroke syndrumes. However the strongest
relationshp at least by EI scores pertsned to the frontal
and temporal regions of the bran This finding supports
Pessoa’s proposed extended emotional bran concept [9F

The neusobiological emotional network khown as the

Papez circuit, has been regarded as outdated and some

have recommended that use of the term "hmbic system”
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be abandoned [$ 22| The main reasons relate to the
hippocampus, which is not part of the cireuitry and the
orbitofrontal cortex, which is part of it, but oot included
w the Papez circwt [23,24). According to Pessoa, the
emotional brain core coruponents include the amygdala,
nucleus accumbens, hypothaiamus, orhitofrontal rortex,
antenior cingulate eortex and ventromed.al prefrontal
cortex. tmotiunal biain extended areas nclude the
bramsterm, venival tegmerital srea, hippocampus, periac-
queductal gray inatter, septum, basal forebram. anteries
insula, prefrontal coitex, anterior temporal lobe and
posterior ungulate cortex {9],

There 15 evidence for 4. close naterplay of cogaitive and
emotional brain circuits, The amygdala in parniculsr, is
viewed as the prume candidate for the emotion-cognition
integration. The amygdala has 2 umque position at the
geometric center of topological map and because of its
extensive connections to other brain regions Executive
control 15 required for autonomy to overnde instinctive
or prepotent responses with partrcularly impoitant com-
ponents in this network belng the latera! pretrontal coz-
tex (LPEC) for temporal information mamtenance, the
parietal cortex and PFC atteniion matntenance and the
anterior cingulate cortex (ACC) for confhict detection
and error monttoring. The orbito frontal cortex (OFC)
and medical PFC are considered componeats tn com-
puting outcomes expectations. The neurochemical
dimensions to these circutts includs dopamine from
VTA aiid SN (compacta) which praiects to the nucleus
accumbers (NA) and PEC for prediction and expecia~
ton of future rewards - a function of the dapaminergic
system. Pesson argues that one cannot separate cogniirve
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and emotional brain contributions to executive control,
“emotion and cogntion conjomntly and equaliy contri-
bute to the coutrol of thought and behavior. Each beha-
vior has both affective and cogutive components, which
have their biological basis in dynamic coslitions of net-
works” {9]. In our study, the emotion cognition interface
was not specifically researched but the results of parti-
cular interest peing that El is correlated with executive
functinn as well as apathy and disinhibition function
scores.

Pathophysiolngical processes are important in our
understanding of brain behavior relationships {25,26].
The stroke model is in a sense a “cleanet” more precise
lesion method. than neurodegenerative, traumatic, epi-
lepsy or metabolic brain injuries. Cerebrovascilar disor-
ders mequently irvolve the froptal subcortical circuits
tavolved 1n emotional and cognitive networks. Neijther
the commonly used stroke scales no- the bedside cogmi-
tive test, the Mini-Mental State Examination (MMSE;
addiess these frontal network syndromeés thai may be
the very first and mest promunent manfestation of the
disease, Neuropsychological tesis including those focus-
ing on frontal networks also do nol capture the Ei
aspects at all. Specific EI tests such as the Bar-On {2}
and MSCEIT {(Mayer. Salovey, Caruso Emotional Intedli-
gence Testy [27) are required to diagnose EI unpairment
although tests such as the FRSBE {191 and BRIEF [28]
do provide some infocrmation about emotional disawcay:
These muy be the most important deficits fo1 people to
realize, accommodate and treat.

Potential crticisms of the study relate to the metha-
dology of testing I and in the brair lesion detevmina-
ton. Self-report testing of EI as 15 done by the Bar On
EQ-1 test us opposed to the MSCEIT rematns an area of
contention with some studies reporting a low orrela
tion between twe methodologtes |29,30) Bran lesions
may be silent, old, incidenital o1 undetected by staindard
multimodality MR imaging as is the case with diaschusis
or neurochemical lesions without anatomieal signaiure
lesions (frontal hypometabolism with depression for
example) Finally correlationa! analyses might be better
performed with some of the newer comiposite frontal
tests such as the DKEFS [31} or others focusing on spe-
cific areas such as the lowa Gambling Test {32},

Conclusions

Stroke impairs ET and 1s ussociated with the ihree prin-
cipal frontal syndrome complexes of apathy, disinhibi-
tion and dysexecutive furctioning. in addii:on it was
demonstrated that an extensive emotional netwoik, at
least by lesion analysis, smpairs EL Does Ei testing reafly
matter? Neuroplasticity is an inherent process whereby
the bramn shapes itself through repeaied experiences.
The eorresponding neural connections are strengthened

Page 5 of 6

and the ones less used, weakened (33]. The discovery of
the relatively late maturatioa of the piefrontal circuatry
for modulation of emotion suggests a neurnlogicai win-
dow of opportunity for helping children {or adultsj, for
example to learn the best E repertoire [34] Wirh the
newly appreciated concept of adult neurogenesis and
ongoing neuroplasiitity, one may extrapolate that this
apphes to peopie with siroke or traumatic biain Injuzy.
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Emotional intelligence (El) assessment is even today, rarely performed, in the
clinical setting, even less so in the subacute period of the first 2 weeks of a
neurological illness such as stroke. Yet it is the most important and often the
earliest presenting symptom of frontotemporal lobe disorder or dementia, the

most common dementia under the age of 65 years. This research revealed that

with vascular disease of the brain, the extensively distributed emotional circuitry,

is invariably afflicted. This is of great import in the setting of FTLD where the
initial neurodegenerative processes affects the core emotional circuitry of the

brain.
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B. Results - prospective component

4. Frontal Network Syndrome Testing: Clinical tests and PET brain imaging help

distinguish the 3 most common dementia subtypes

The focus of this aspect of the research problem was to combine simple, yet
accurate clinical tests together with a biomarker (in this case neuroimaging in the
form of PET scanning). The importance of the latter was both to improve
diagnosis, but also to account for the component of cognitive reserve in the

individual patients.
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Frontal Network Syndrome Testing:
Clinical Tests and Positron Emission
Tomography Brain Imaging Help
Distinguish the 3 Most Common
Dementia Subtypes

Michael Hoffmann, MD">*

Abstract

Background: Damentla dagnosis and the various subtypes are challenging in the absence of biomarkers Aim: To examine
aviliable tests and neuroimaging procedures that may help distingwish these disorders. Methods: Alzheimer’s disease {AD),
cogpitive vascular disorders (CVD), and Frortotemporal lobe discrtlers (FTLD) were tested with a hierarchical neuropsycho-
logical battery hat included the Frongal Systetns Behavior Scale; Mini-Mental State Examination. Montreal Cognitive Assessinent
Test, and subtests, All patients had multmodality magnetic resonance imaging and '*F fluoradeoxyghicose-positron emission
tomography (FD:G-PET) brain scans. Results: Of the [61 patients evaluated for dysmemory and cognitive impairment, 31 sat-
isfied the full protocol The mean T scores for the 3 principal frontal system syndromes for the AD group ware all abnormal save
disinhibition. For the CVD and FTLE groups, all the 4 subcategory scores were abnormal Diginhibinon differed significantly
between the AD and FTD group (analysis of varance [ANCOVA], P = 02) and there was 2 strong asseciation between the memory
for 5 words testand a significant difference in the word list generation test score amang the 3 groups (ANOVA, P = 0233} There
was 3 strong association between the FDG-PET and the disease subtype (P < .0001). Conclusion: Ewaluatar for disinhibition,
word ist generation, 5-word memory testing and PET brain imaging may helg. distinguish the 3 most conuimen dementia subtypes

Keywaords

dementia, neurdpsychclogeal testing, frontal systams, PET bramn scan

Background

Demienta: diagnos:s and the vavious subtvpas are challenguag n
the absence of hiomarkeis. Fowr different frontotempornl lobe
degenerdtion (FTLD) subtypes are recopmized and at least 4
thfferent climcal Alzhenmen s disease (AT} subtypes, with both
entthes baving a frontal variant with predominant behavigral
presenlation ' In addition, the ueuropathology is becoming
moe complen with & steadily incteasing st-eam of new discov-
¢cries However, teatment options and clinical trals depend on
accurate diagnosis.” Eor example, antichohnergic therapy 15 of
proven benefit 10 AD. serotoncrgic therapy has moderate seien-
tific support 1 the treatment of FTLD.? and cognitive vascoula
disorderf CVDY may benefit from dopanunctgic, chohnergie as
well as sciotonergic therapies  Emportantly, all theraptes are
reliant on accwate diagnosis and incorrect tesatment may lead
to worsening.*lt ¢ a commonplace experience mn clinical
practics that cominve evaluation 1 challenging i the vanous
stages of dementia. In some, the degree of cooperation o atten-
tien is hmted to no more than a few minutes at best. Research
based and emanatimg from cogniive stroke registries, for
example, revealed thet higher function abnormalities. includiag

frontal network syndromes ¢FNSs) were common i acuté and
sub-acute stroke *7 ™ addition, FN& may mamfest o rutter
wherz the braw lesion, whether Bontally located, subcoitieally
posteriorly, or even. sublentorially. An analysis of subtentorial
stiake; fuund FNS 1n at [east half of patients with this lucation
of stroke Many of these paneits were unable 13 have sompre-
hens.ve testing in these settings ©

Hypathesss

Frontal sysiems testing and neuroimaging do not distinguish
the most important dementia disorders
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Am ). To determine wnether examination wath frontal systems
tests and reuroimaging the most common dementia disorders
may be distinguished.

Aim 2 Ewaluate the wtility of a context-appropriate FNS test
vaitery incorporating tehavioral neurological, neuropsychiatric

and neurapsychological components and compared %o maggetic
resonance imaging (MRJ) brain (structural) and metabolic PET

brain scannung vfimeacnaly o facilitate the diagnosis of the 3
most covnmon dementia syndromes: AD. CVD, and FTLD

Methods

Setting. Consecutive cogrotive and memory impainrent patients.
aged 18 to 90 years, were accrued through a prospectively coded,
dedicated cogmitive and memory disorders registry in 2 tertiary
teferral center The Stroke regstry was approved by the Univer-
sity Insufutional Raview Board and 1 compliance with Heakth
Insurance Portability and Accountabuiity Act (FIPAA} regula-
tions All patients signed informed consent for the evaluatiun.
and the collectiom of the their neurnlogical, medical, and newro-
cognitive daid, Analysis of the dementia subty pes was performed
rennepectively

Diagnosis of Dementios. The Diagnestic and Sratisrical Manuud
of Menta! Diorders fourth edihion critena were used for ADF
and CVD diagnosis ® Fur the Frontotemporal lobe disorders
(FTLDs), the core dizgnostic critens by Neary et al were
vsed ' In bnef, these included msmicious omset and graduaf
progression, early decline in social interpersonal conduct early
impament in regelating of personal conduct, early emotional
bluating, and early Tass of insight.

Neuropsychalogical Testing

A hierarchical end nme-orientated clinical approach was
adopted. A brief. intermediate, ard comprehensive system of
frontal tests for chnical appliratiom was devised. Assessment
was. tiered according to the chrical need and indic ations nio
3 difierent time options, up to 3 minutes, 15 to 30 nunutes, and
several hows assessment protocols. The tests conform to the 4
core compenents of FNS. namely working memory, distrihiby-
tion, qutiation. and monitaring m addition to neuropsychiatic
syndrome diagnosts.

Hierarchical Clinical Assessrrent

1. A Smnute FNS ballery geared toward emcrgent
asvessuent in the emergency room oOr prirsary carc
vutpatient vlimcs using the Montreal Cogrivtive Assess-
merit (MOCA).

A 15-t9 30-munufe battery that incorpumates behavioral
neurclogerl and neuropsvehiatn syndromes with abbee-
viated neurepsychological tests geared toward inpatienis,
nesrology, and psvchratry outpatient clinics including the
Frontzl Systems Benavior Scale (FRSBE),'! Min-Mental

Tt

State Examination (MMSE),'"MOCA."* oriemationtor 5
items, serial 75 « 5, memory for § words at § mnates,
word list generation test{ WELT) using the letter *F> '* and
Luria Motor Saquence test.'$

A longer version, typical duration of several howrs that
incorporates contemporay frontal behavioral neurologi-
¢al, neuropsychelogical, speech and language. and neu-
ropgychiatric tests need for precise determination of
nature and extent of cogritive deficit typeally needed for
rescarch protecols, forensic sifuations, or covert brain
Iesions Thess tests include the computerzed Wisconsin
Card Serting Test," the Tower of London Test.”” Beha-
vioral Ratng Inventory for Executve Function
(BRIEF),"” FRSBF, ' Emctional Intelligence Quotivnt
(Bar-On) "* computerized Iows Gambling Test,2” Stroop
Test > Compreheasive Tranl Muhmg Test,? and letter/
category fluency tests

Neuropsychiatric and Behavioral Neurological

The FRSBE'" 15 & sclf-adoumistercd and caregiver admunis-
tered test, yielding scores frm bath befors the onset of illness
and at the ume of iliness. The Likert-type scale questions are
converted to age, gender, and education normatve data in T
scoves where seored more than 60 are ebnoimal

Cognitive and Neurapsychological

The MMSFE and cunponents of the MOCA, ohemtation for §
Hewms, serial 7 v 5, memory for 8 words ar § mmutes, WLT using
the letter “F." and Luna Motor Sequence test.

e

Neuroradiology

All patients had multimodabity MRI. MRI T1 and T2 fluid-
atenuation inversion recovery, diffusion-wesghted 1magmg,
and ‘magmetic resonance angrography fo enclude secondary
dotmentia sauses such as bram twmor, stroie, multiple selerosis
as weli as assessing for leukoarsorsis and depree of gencralired
and focal atrophy Posizon emssion tomograpny (PET} °F
Fluorodeoxyglucose (FDG-PET) brain scans were performed
1t any uncertainty exist:a with respeci to dementia subtype in
accordance with the Food and Drug Admimstiation ceyguls
tone . In addrion, they piovided an mdeahon of cogmtive
rese1ve pertaimng to 4 particar imdividuat

Foliowing intravenovs mjection of FDG, with & dase of 15
mulli Cunes the patient was kept mi a quiet, darkened soom far
60 munutes, durmg the uptake phase Standard acquisttion time
was 15 mumutes. A single bed PET and vo-acquired, low dose
compuited tomography scan of the same areas were perfarmed.
Atrepugtion-corrected PET images of the brain wesre created in
sagitial, coronal, and transverse projections and reviewed on @
computer workstation. Using GE cortex 1D software (General
Electne Company Corporate Office & Headquarters, Wildwood
Pkwy. Atlanta. GA, USA), with comparison 1o age-matehed nor-
mal, = scores of regional Frypometabolism were chtaned m 10
regions of interest and a = score of 2.0 or greater regarded as

LrosaenicaleG iam i -agesuh comat US DE-T OF YETERAN AFFARS on juns 1, 2017
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Table | Cusinhibition Test (ERSBE) Versus the 3 Majer Dementia
Syndromas.?

Disinhibitron test
Disease NPavents Mean SD Madian N Misung
AD ] 85, 1 59 3
cv 9 83 t7 80 I
FTLD I 86 13 84 H

Abbegwistions AD, Alzheimer Disatse, £V, Cognitive Vascubar Dissase; FILD,
Frontotemporal Lobe Diso:der; ANOVA, zmlysis of varmnce; FRSBE, Frosveal
Systes Behavior Scale, SD, standard deviation,

* Interpretation. ANOVA test shows there i 2 sgnifiant difference i the
diginhitntion test score among the 3 grovps (F ratlo 435 P = 02,

Table 2. Memery for 5 Words Recalled at 5 Minuoes Test Yersus the
3 Major Demedtia Syndromes *

Table of Memory 5 Words by Drsease
Disease

Memory 5 Words

Frequency AD] cy FTLE Total
Q 3 o 1 5
i 4 o 0 4
2 1 | 3 5
3 3 [ [ 12
4 1} 2 1 |
5 [ [ i |
Total 11 9 7 b

Frequency Missing = 4

Aubravations: AD. Alzheimar disease. Cv, cogarwe vaseular dissase, ETLD,
frantoremporal fobia disarder

¥ Interprezacion Fisher exac: test indrcates that there 1 a strong assoclanen
berwamn the 5 word memery tast ind the duuase (P = .002). Among the 12
pavients wich A0t (o7%) of their memciry 5 scors was either O or |, while onfy
! patient with FTLD mamory score was 0

statisticelly sigmficant A Genersl Flestne Brilliance LS camera
{General Elecirnic Company Corporate (ffice & Headquarters,
Wildwood Pkwy, Atlanta, GA, USA) was used

Results

Of the 16! patients preseniing with dysmemory and cogmtive
impairment, 31 of 161 (130 of 161, 80 70 exchxded) were
evaluated according to the protocol including 4 PET beain scan
Most exchustons were due to the mability tu complete (iattention,
impeisistence, sbuha} the cognittve testing, and others mcludea
umnteipreable test results or mability to undergo the nsuroima-
ging protocols Demopraphic chatacrenstics inclnded 17 women
and 19 med, witk 11 patents, each, in FTL D and AD groups and 3
w the CVI group The inean age i years, AD713(SD 71,
CVD 623 (SD 95), FTLD 66 (standard deviafion [SD] 9 6),
(aualysis of variance [ANOVA] I value 21260, F valoe 39 and
the mean education i yesrs, AD 138 (3D 21), (VD 146
(5D 31} FTLD 145 (8D 3.2}, {ANOVA F value 0.303
Palue 5612

fL -
140+ -
1204 {
1 i1
& too-] PR o
e R 1 - o
E S0 —_ <. i - ’ 3 -~
L A R -
o R i -2
0 5! ol
w0 . R Y - A i
subtvpe Tukey-Keamer
(113

Figure |. One-way analysis of dlsinhibition by demeritia subtype Box-
and-Whisker Plots (red) and Quartiles {graen),

Tablo 3. FAS Test Versus the 3 Myor Dementia Syndromes

FAS Test

Disease N Patlancs Mean SO Median N Missing
AD t 14 [ 2 0
cv 9 I3 4 12 0
FTLD ] ] 5 5 0
Abbrewad AD, Ajzh di ANOVA bpsis of vanance, CVD

o vascuiar-d FTLD, iporat lobe diserdsr. SD. standard
deviation

“ Intsfpretition ANOVA tist shows there is sigilficant. difflerance In the FAS
TN §cofe itiong the 3 groups {F = 02) Tukey sudentized range e, mdicates
the. FAS scores in 4D and CYD are senificantly Figher than the one -n [TLD
< 05

Neuropsychological Testing

Behaviora! Neuroiogical and Neuropsychiatric Megsurements. The
mesn T scores (normal 50 + 10) for the 3 principal frontal gys-
tein svndromes for the patients with AD were abhovmal tor
apathy 80 & 19, exccutive function 75 7+ 18, and total score
(76 -1 18) but normal for disinhiubition $5 + 12 For the CV
group, the scors were all abnormal, apathy 78 + 17, diswini-
betton 83 + 27 executive function 37 + 16 and total 90 + 17,
Fon the FTLD group, a1l the scores were abnormal. apathy 51 4
21 dismhibitron 75 == 34, executive tumetion 88 + 22 ana
total 92 - 23, The ANOVA testing revealed that disinhibition
ditfered significantly between toe AD ana FTD group (P = .02)
in ihat the latter score was abnormal. T score mean of 55 + 12
un the AD group, whuch was in the normal range. aad 75 + 34
i the FTLD group.

Forpetweeiegroup the 3 principal dementis syndremes}anal-
ys15. dismhihition wis the only compenent revealing zignificant
differiences (Table 1, Figure 1) witl: apathy (ANOVA,
P = 3650), executive function (ANOVA.P = 2937). and total
senre (ANOVAF = 1797) showing no intergroup-differences.

Cognitres Megsures (MMSE, MOCA, and FAS Test). With regayd to
cognitive test, there were no differences among the 3 dement:a

Downicaded from af $agap::p- m b US DEPT W /ETERAN AFEFIRS on Jurs 18 2410
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Distribstion of FAS
R —_ F 1% I
Brob 1 U533
15~
- o |
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Figure 2. The FAS Box and Whisker plots of the FAS (werd list gererauon task, *how many different words with thie letter "F* can you recite In

one minube’)

groups wn terms of MMSE scores, with ANOV A test revealing
no signtficant difference in the MMSE test score among the
3 groups. (P = 3627y Sumlarlv Oricntabion testing by the
Fisner exact test wndicated no signficant association between
the orientation score and the disease (P = 5610, Serial-7
caltulation teating by the Fisher exact test indicated o signif-
wantt associaton between the seral 7 score and the disease
{P = 4831). However, the memory tesing using 5 wotds
at 5 numules revedled a sigmificant assoiation with AD
(Table. 2} Wiih respect to the WLT (FAS Test), ANOVA teat~
ing showed sigmficant difference m the FAS fest svorc among
the 3 groups with scores i AD and TVD sigmuficantly higher
than the one in FTLD (Table 3, Figure 2}

The results suggest that the behevioral measwe of dismhini-
fion. as measured by the FRSBE test 15 a frequert accompany-
ing symptom 12 both FTLD ard CVD The cognitive measuncs
of epusndic memory (S<word memory test) is poor in AD ond
CVD and the excevtive measure (FAS test) is also much morg
mpared i FILD than both AD and CVD Base: on the vari-
ables of the FAS test, receiveroperator chamcteristic curve
analyses were performmed and revealed good @ssocianons
between FTLD and CVD (good) ang FTLD and AD good) and
less so for AD.and CVD (taur; Figures 3-5% Only two pairs wore
compared (FTLD va CVD: AD vs FTLD. AD s CVI). The
tesults ware therefore besed on each of the 2 subgroups. The
value af these compansons were to deternmine how well the test

score can dwenminate the subgroups and therefore compansons
wauld be FTLD versus no-FTLD. AD versus no-AD, and CVD
»ersus no-CVI). The arca usider the curve AUC and P valuey
appear in Table 4. Based on Bonferrom conettion, the new sig-
nificant level is 0053 = 00167, mdicatmg ihat FAS can be 2
useful market to dishngush FILD versus no-FTLD.

The heraechical chinical assessment stage 3 comprizmg
ncuropsy chological testing of duration of several hows was
posstble only 1n a muaonty of our patienits {less than 237, due
to mattention, empersistinee, language, ind other impunnents)
hence datz fiom these weie not further considered The Luna
Motor Sequenze test component results were sumifarly cons-g-
erad nonunterpreteble Jue t 4 high proportion (approvimately
65% Y encyuntering difficulty weth the test

Neuroimaging

Structura! Neurgimaging. There was 4 strong association between
the MRT brain scan and the disease as calculated hy the Fisher
exact test (¢ = 0049, The MRI braip scans of all thell
patients with AD were gbhormal, but gnly 5 of the MRI brains
scans of the 11 patients with FILD were abnormal which
entyled sigmficant leukoaiaiosis, atriphy, or infarcts (Table 5).

Funguonal Neurormagmg. Fisher ceaci test ‘indicates there 13 4
streng assoctation between the FDG-PET result and the disease
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Figure 3. Recelvar-cperator characteristic (ROC) curves for
parwse comparison, Alzheimer's disease versus cogritive vaseular
disorder ‘area under the curve AUC value 0.61).
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Figure 5. Recewer-operacor characeeristic {ROC) curves for pairwise
eomparisen, ADAlzheimer s Ji wvarsus fre poral iobe disor-
der (area under the cut ve AUC valie 0 722

Figure 4. Recelver—operator characterstic (ROC) curwes for
parwise comparison. frontotemporal lobe disorder versus cognitve
vascuiar disorder (irea under the curve AUC valus 8.854),

(P < 0001, Table 6. Among the 11 patients with AD who haa
FDG-FET, 10 (1% of the 11 revealed bilateral tempotonatie-
tal hypometabolism, winle the FDG-PET tesults of 7 (100v%)
of the 7 patients with FTD revealed Wfiontal and'or temporat
hypometabolism

Discussion
Neuropsychological testing usualls evaluaies 5 pnocipal
domains of cerebral functioming These include executnve fuvc-
fon. attention, inteligenc, fagnage. and memory. Behaviorsl
syndromes (apathy, abulia. disintubrtzon, loss of socal graces;
and empathy) are not typically evaluated by standardized test-
ing. In this study, distohitation, an important cemponent of
FNSs wzs found to be significanitly assoc-ated with FTLD and
LVD vut not AD

Behavioral abnormalities domnnate completely the FTLD,
the most common dementia under he age of 60 years Oi the
other hand. cognitive deficits. such a8 executive dysfunction,
typically do not featue in the disease during ths 'mttal years
ai a time when the discase is subclmical or classiieq 4s mild
cognitive impaiiment. During this phase. however, the beha-
vioral components tay dramatically ympact then occupation,
famuly, and wterpersonul relabonships and nay cause fiscal
thsasters. For these reasons, sesiter detection 15 paraimount
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Table 4 Receiver-Operator Curves AUC Table,

Table 6. PET Brain Scan Versus the 3 Mgjor Dementia Syndrome."

Based on FAS et PET result
Curcome AUC Pvalue  Disease status P Global T
AD 05556 416 AD 190 I 0
ovo 0719 03 FTID 0 0 ?
FD 07831 0052 Cv 1 5 3

ALbruviatons' Abbreviavons: AD, Alxheirmar's disease AUC area under the
Lurvie; VD, cognuive vascular diseass; FTLOD. irontocemparal lobe disorder.

Table 5. MRI Brain Sean Resulr Versus the 3 Major Demantia
Syndromes.”

Tabile of MR| by disqase
Disgase
MRt
Frequancy AD cv FTLD Total
Abnormal 11 7 5 13
MNormai [} ] & 8
Total 1" 9 11 3

Abbreviations: AL, Atzheimer's desexse. CVTY cognldve vascular diswase; FTLD
troncotemperrd fobe disol der; MPL smagnetsc resanance imaging.

* Interpretatian Fishar axact vest indicstes thare 13 a strong associatay,
breowed: thie MR1 bran scan ard the dissara (P — 005) MFI bin szans of il
the 12 pagents were abna-mal whila only4 MRI bruns scans of the % panents
with ETLD were abnorraal (signiicatit leukoarioss, atrophy, or infareey),

The method of <linical detectron remains challenging, In the
last few vears. there has been the mort widespiead adoption of the
MOICA, test a5 a screenmg test for higher cognitive functims m
faver of the MMSE, the mainstay test for fhis purnose for the last
several decades The maun advantage of the MOCA versus
MMSE, 15 the sampling o FNSs including executne functon,
which is not adidressed by the MMSE However a major shont-
comung of the MUCA and in fact of newronsycholegical assess-
ments in general. 18 the paucity-of behavioral assessments, such
as d:ginhibition, apathy. abuha, gambling tendency. prmisswty,
mitabitity, rage attacks a3 well as the so-called nearopsychiateic
smdromes such as obsessive behavior, compnlsive behavior, ane
contentspectiic delusional behavior These entibies dorrinate the
eaily years of FTLD and thgse hehay ioral abnormalities mav £lso
‘be the domnant features of other conditions such as stroke,
muttiple sclerasie. and traumane brain injury

Werth resnect to memory teshng, the common application of
using 3 {(MMSE) or S-word (MOCA) or more (Califorme
Veibal Leamning Test, Wechsler Memory Scale, and others) does
1ot Jo Jusiice to the contemporary understanding of the differing
dysmemory phenotypical categones. [he dementias may present
wifh, varous menwry diorders,including deficits in working
memory (short temm, lovalized to the frontnpanetal network),
episodic (long term, medial hippocsmpal), semantic {inieral
bippocampal). and procedura]l focrebslum, besal gangha). A
climeal approach to memory loss, frontal subcortical (affécting
working memgry, procedural), and medial temporal (episodic
memory) s the 2 principat muy be more usefizl, as these differ

Abbrevations AD Alzheime’s disease, FTLD fromatamporal fobu disordes,
CYP:. cerebrovasculer demenus TP, temparuparietsl hypometabolism FT
fr porz! hyp ! MMSE, Minl Mental Siata Baminasen; PET,
positron amm'slon tovagraphy
* Interpresaunn: Fisher axacr rest (ndicates there 1s 2 strang sssoclation
beiween the PET residcand the disease /&< 0001}, Among the |1 patents with
AL who hed PET test 10 (91% of the results are TP, while the PET resuks of
1 00% of the panents ace FT.

climcally. 1adiologically, and m teras of prognoss * However
neither working memory nor procedural memory processes are
adequately tested by our curent screenme tests, and attention
1o thess may impiove ow chnical assessment of demunias

The WETs ha=c long been considéred o good tedside exec-
utive measvre 1n ths study. subgpoup compansons of 2 paia
TFTLD ws CV, AD vs FTLE; AD vs CVD) were performed
to determine how well the it scorc can discnmmate the
subgroups (Figures 35 and Table 41. The FAS test was found
to be a useful marker to dstingwsh FTLD vevsus uo-FTLD

In additrion to the cinucal evaluatiens that ware inenuded 1
this study, disrahabtion, word list generation and 5-weord meun-
ory testing, PET brain imaging mey help distoguish the 3 taost
ramuinon demenitia subtypes, Although many different neurop-
sychiological tests as welk as 3 vanety of behavioial invemones
(FRS3E, BRILF, Frontal Behavioral Inventeryy exist, peonle
with dementia of eognrtive impairmerit due to stroke, trarmane
biam injury, ot other brain injury ace 1arely able 1> concent ate
for long Pirthermore, certain disease staies snuch as stroke
wmandate rapd evaluation: of patients within minates because
uime s bram and 1 other commeon iliness siates soch as
treumoatic brauy myory, markedly reduced attenhon and volrtion
are major factors in the preference for quick. yet wnformative
cogtutiverbehavioral testing, Finally, restricted caiegiver—atent
interaction time i the clinic forced by iow rermbursement 1ates
ull comspire to gve us distressmply litle tme to perform
adequete testing The diginhibrtion fesis, word list generatian,
S«word mesnory test that were found to significantly differentiate
the disease categoerics in the foregomg and are relatively mpidty
administered. at least within 20-30 minutes

Looking 1o the future, the recent advent of dispnosticafly
accurate functional brain imaging and cerebraspinal fhud {CSE)
omarkers afford zlinicians ¢ more comprehensive spectrum of
clinical, neurocognitive, lshoratory, and neurounagmg arma-
mentanium teirad that will ukely lead to improved diagnostic
acumen 1 this complex comundium of dementing conditicas
There is increasing evidence from clinioal, functional MRI, and
PET hiatn scan studies supperiing what has besn teimed the
cognitive reserve hypothesis.™ Brefly, nomality or subclinical
diseass may paradoxically be associated with extensive disease

Jowrloaded o s sager 2 com alUS DEF e ETERAN AFFAIRS 20 June & 2m
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such as dementia. Therefore, a combinaten of cognitive
evaluations. metabolic brawn scammp and CSE hiomarkers
(phosphovytated tau and A Beta amylowd 1-42) will most likely
yield the most accurate assessment for the complex dementia
syathores. < Not onlv will 1t be mportant to ascertain e
depree of copmitive reserve but aise the degree of compemsation,

Tn tmis seudy, PET brain imeging was emptoved because of s
established ume m differentiating brain aisorders esvecially in
e contekt of nommal anstomical prain imdging by MR
scantmg. in fact, no direet rzlavonship ensts beoween the
exteni of pathology and citucal manestation of the underlying
disease or damage for that matter. In our sy, the PET brain
imaging results were profound snd crmectly classified 7 of 7
panents with F1LD and 10 of £ 1 patients with AD and excluded
FILD or AT in 5 of 9 patients ath CVD,

Functionsl imaging studies support the neural reserve. and
neursl compensation reflecing indrvidual compensatory differ-
ences tp pathology For example. 2 people with the same cogmi-
tivé impaicment may. have markedly different degrees of
underlying AD pathology This 13 ¢leasly importart for the diag-
npms of preclinical AD, ds patients muld copmitive mpaiment
may have both minringl pathology or more extensive pathology
The cogrtive reserve hynothesss, 16 used to describe ts vana-
bility anc 15 ¢considered an imporignt part of the agsessient
therefore. Clmical evaluation alone cannot be rehed on ang
biomarkers will need to be part of the workazp ** In this study
using PET gcanning to. establish whether sipnificant hypometa-
bolism existed in the context of the so-called normal cognitive
functioang was not found. However. the nature of patient
secrutment depended an some form of cogrutive compluint in
tne first place. Clearly. we may be missing a proportion of the
so-called normal people with afready muld or ever moderate
diseasz Functional MRI shows promusing «esults regarding he
imaging of the default mode network and other recently appre-
cuted network such as the salience network This network-
opathy approach remans under evaluation, at present, in contex?
of mald cognitive impeirineit diagnosis. >

Pytential crrticiems of thas study melude the relanively smalt
sample wize of th groups, Which impacts the gencrabizabiluy of
the results. The manmy vanables in each disease category aie
alsv ot potential concem, and 1t is conceded that the aegrioses
m these dementia categones remam in the probable range.

Conclusion

Evaluation for disinnibition, word list generation, 5-word
memory testing. and PET brair imaging may help distinguish
the 3 most common dementia subtypes. Despite the compound-
g mfluence of cognitive reserve, it anpears that these simple,
quickly executed bedside tests may be rubust encugn to alert
the chriseian to an impendmg bran fadure This réseanch
supports the use of relatively simple and rapidly adnunistersd
bedside type cognitive and behavioral testing even for complex
deraentia syndromes Maay people have neither the residual

cogmittve taculties nor the necessary attentional capacities
required for newropsychologcal testing, The iunportant concept
of considenng cogmitive status in the conteat of Lognitve
reserve was alse supported in ths research.
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Critique of Frontal Network Syndrome Testing: Clinical tests and PET brain

imaging help distinguish the 3 most common dementia subtypes.

The need for brief, more detailed and comprehensive testing is a clinical reality

that was successfully tested in this study. Despite the design and use of relatively

mild to moderately afflicted people with cognitive impairment, the majority of

patients were not able to undergo comprehensive testing. Fortunately simple

bedside tests yielded sufficient distinguishing features and statistical significance

to differentiate the three dementias. The testing approach was termed
hierarchical, in that a progressively longer and more in depth assessment was
used, depending on the clinical status and capability of the patient to undergo
testing. This flexibility of the testing approach is consistent with the realities of
clinical presentations and yields information that may not be obtained, if only
applying a lengthy test procedure to someone with impaired attention for
example. A potentially challenging area for future assessment, that of cognitive
reserve evaluation was included in this assessment and helped improve

detection.
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Chapter 6. General Discussion

How has this research contributed to our thinking about diagnosis and

measurement in frontal network syndromes and what are the implications for the

future?

Several lines of evidence have indicated to clinicians that assessment of brain
function, requires reappraisal. Firstly, one of the most compeliing is the dismal
state of stroke medicine, in which the majority of pharmacological agents tested
in animal models were positive but to date every one has failed in human clinical
trials. Secondly, a normal brain scan, including a state of the art, 3.0 Tesla,
multimodality MRI brain scan, in the setting of sometimes marked cognitive
derangement such as in schizophrenia, severe depression or Parkinson's
disease, is a frequent clinical experience. Thirdly, considering the vast panoply of
human cognitive experience, cognitive neuroscientists are well aware that we
have a relatively limited number of tests that interrogate such functions. A recent
example is the introduction of an assessment tool for emotional intelligence,
considered by many brain clinicians to be one of the most important if not the

most important attribute for success in life.

Yet, the busy clinical environment, with progressively less time allocated for
assessment, demanded a method of at least determining cognitive impairment,

an appreciation of the subtypes, in an attempt to determine the more important
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subtypes, as they related to outcome and a monitoring tool for evaluation of
clinical improvement or deterioration. The first part of this study had delineated
that HCFD’s or CS occur in the vast majority of stroke presentations and that
FNS were present in at least a third. The COCONUT assessment tool was an
attempt to embrace and span the manifold symptoms and syndromes that are
vested in other disciplines (to neurology), yet may be directly related clinically as
well as to the management and treatment issues. This is the first tool to the
author's knowledge that combines many of the behavioral neurological,
neuropsychiatric and neuropsychological tests in relatively rapid (approximately
20 minute assessment duration) evaluation of several dozen different cognitive

brain syndromes.

The traditional question of lesion localization in the brain, particularly germane to
neurology was questioned in the light of the highiy accurate depiction of lesions
in the order of 0.5 to 1 mm in diameter by standard MRI scanning and rather
concentration on the question of; given a particular lesion localization, what are
the likely cognitive syndromes expected from that, in addition to the standard

elementary neurological deficits such as sensorimotor or visual impairment.

The search for newer FNS tests, such as measuring El is particularly relevant to
the frontotemporal lobe dementias, an ever expanding constellation of
syndromes that affect the most sophisticated human qualities and also the most

difficult to test. Nevertheless we have in our armamentarium, simple and rapidly

66



applied bedside tests, than can be most useful in the emergent situation, the
poorly cooperative patient and when time is limited as exemplified in the fourth

study in this thesis.

General Discussion (The Future)

1. The importance and rationale of considering cognitive reserve status in

conjunction with cognitive or neuropsychological testing

In the fourth study, PET brain imaging was employed because of its established
use in differentiating brain disorders especially in the context of normal
anatomical brain imaging by MR scanning. In fact, no direct relationship exists
between the extent of pathoiogy and clinical manifestation of the underlying
disease or damage, for that matter. Portrayed initially by the famous case of
Richard Wetherill, a University Professor and avid chess player who realized he
had dementia when he could only think five moves ahead in chess instead of
eight, he was evaluated neurologically, neuropsychologically and with
neuroimaging, with no abnormality found. However, his autopsy about two years
later revealed extensive Alzheimer disease pathology [82]. In a similar study by
Katzman et al, this time a case series of ten elderly normal women, with
advanced AD pathology also supported this premise of the clinical-
neuropathological mismatch. Katzman speculated that their brains were larger

with more cognitive reserve [83].
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The brain may cover up impairments and do the opposite as well, in that it can
make up things that are not there. The latter observation is best demonstrated by
the optical blind spot, we all have and the demonstration of optical illusions. This
is an important concept, as the appearance of cognitive dysfunction may be
completely masked, at least as we can ascertain by our clinical tests, in the face
of sometimes rampant neurodegenerative disease. Briefly, cognitive reserve is

considered to include;

A. Brain reserve capacity {correlate — hardware), brain size, neural count or

synapse count.

B. Cognitive reserve (correlate — software). Attempting to cope with brain

damage using cognitive compensatory approaches. Higher education,
bilingualism, literacy and participation in hobbies for example, allow people to

withstand brain damage better. Cognitive reserve in turn has been divided into;

1. Neural reserve; Cerebral networks less susceptible to disruption due to greater

inherent efficiency.

2. Neural compensation

Post brain damage, additional or nonconventional networks are deployed to

compensate for brain damage [84].
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Functional imaging studies support the neural reserve and neural compensation
reflecting individual compensatory differences to pathology. For example, two
people with the same cognitive impairment may have markedly different degrees
of underlying AD pathology. This is clearly important for the diagnosis of
preclinical Alzheimer’s disease, as mild cognitive impairment (MCi) patients may
have either minimal pathology, or more extensive pathology. The cognitive
reserve (CR) hypothesis, is used to describe this variability and is considered an
important part of the assessment therefore. Clinical evaluation alone cannot be
relied on and biomarkers are required. Currently we have only two groups of
biomarkers, namely CSF analysis (tau and amyloid beta 1-42) or PET metabolic

imaging that would need to be part of the work up [85].

In a study of 12 high educated (15 or more years) and 13 low educated patient
with the same degree of cognitive deterioration, were evaluated with PET brain
scanning using both [''C] PIB and "®F-Fluorodeoxyglucose as ligands. The high-
educated people showed increased PIB uptake in the lateral frontal cortex as
well as lower glucose metabolic rate in the temporoparietal cortical regions
compared to low educated people [86]. This provides further support for the CR

hypothesis.
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2. New imaging modalities: Default mode network (also called resting state
network or intrinsic connectivity networks) imaging and other (molecular)

networks

In the quest for more refined and accurate neuroimaging tools, one that appears
particularly promising is the Default Mode Network (DMN), which is concerned
with imaging specific networks in the brain. The DMN be imaged by functional
MRI and reflects the basal or default mode activity of the brain. It links particular
brain regions that include the posterior cinguiate, the precuneus, lateral parietal,
lateral temporal and medial frontal areas (figure 1). DMN impaired connectivity
has already been shown in AD, FTLD, schizophrenia, epilepsy, autism and late
life depression [87]. The DMN is active during rest and becomes less active
during cerebral task engagement. It is implicated in the pathophysiology of AD,
as the distribution of the DMN is similar to the fibrillar amyloid deposition in
patients with AD (amyloid PET scanning) [88]. It has been surmised that over-
activity of DMN (posterior cingulate, later parietal, medial frontal) in younger life
may lead to a metabolic impairment predisposing people to amyloid deposition in

[ater life [89].

The DMN is known to sub-serve several key memory processes including
episodic encoding, retrieval, autobiographical, meta-memory processes, moral
decision-making and theory of mind. Petrella et al reported lower connectivity in

DMN in patients with MCI who subsequently were diagnosed with AD over a 2-3
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year period [88]. This type of functional connectivity MRI or fc-MRI, is an
attractive tool because MRI scanners with blood oxygen level dependent (BOLD)
capability are widely available and fc-MRI is non invasive, can be repeated
multiple times and have short acquisition time of 5-8 min [89]. One study showed
5 different neurodegenerative syndromes corresponding to 5 different intrinsic
functional connectivity networks [90] and in particular the salience network has
been shown to correlate with frontotemporal lobe dementia (figure 2) [91]. This
relatively novel approach of brain analysis, called connectomics by some, is
showing promising results. Assessment of brain connectomics is regarded as an

area of priority in future cognitive research [92].

A likely hierarchical approach to using surrogate neurcimaging in cognitive

patients may be as follows;

1. Resting State Network Imaging (DMN, Salience and others) by -MRI
2. Beta amyloid accumulation assessed by PET brain PIB (also CSF assays)
3. The subsequent synaptic dysfunction assessed by FDG-PET brain

4. Finally, neuronal loss follows, as assessed by volumetric MR

All occur prior to the onset of dementia. Note that steps 2-4 are already in routine

clinical use and resting state network imaging already used in some centers

experimentally, and expected to be the most sensitive technique of all.
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3. Molecular Networks

Two brain regions are known to have neurogenesis; the subventricular zone and
the dentate gyrus of the hippocampus. Adult hippocampal neurogenesis is a trait
that is central to humanity rather than an outdated heritage from our evolutionary
past. A new hypothesis posits that adult hippocampal neurogenesis is a late
evolving trait (rather than ancient) and possessing a dentate gyrus with this kind
of plasticity gave mammals a specific advantage in adapting to their environment
with increased cognitive flexibility and adaptability. Hence, even though adult
neurogenesis is known widely amongst animals and is a phylogenetically old

mechanism, this was modified and refined in humans relatively recently [93].

Therefore it is not surprising that the hippocampus has been implicated in a wide
range of neurological conditions (Alzheimer’s disease, stroke, depression,
schizophrenia). Importantly, sub-regions of the hippocampus have been shown
to be differentially involved in these different diseases. A recent review has
proposed a system of hypometabolic conditions (AD, cognitive vascular disease,
aging) and hypermetabolic (schizophrenia, depression and PTSD), based on
functional imaging studies with PET scanning and f-MRI scanning (figure 3).
From this, a metabolic or molecular functional map has been proposed which
reveals that the entorhinal cortex is involved in brief retention, the subiculum in
retrieval, the CA1 in input integration, the CA3 in pattern completion and the

dentate gyrus in pattern separation (figure 4). The next challenge is to devise

72



neuropsychological tests for these sub-regions of the hippocampus, that are

guided by this functional map based on neurobiological evidence [94].

Yet another possible future approach to more refined cerebral testing in

subclinical and mild dementia, may hinge on functional imaging of the

hippocampus.

4. Future Treatments

How can this data translate into improved clinical care?

The more precise the neurobiological and neurochemical diagnosis, the more
likely we are able to provide specific treatment. By delineating key frontal
syndromes at fauit in the differing dementias, this provides opportunities for
targeted treatments. Fore example, the newly appreciated epigenetic process is
understood to be a mechanism whereby genes are switched on and off without
interfering with the DNA itself. It is of particular importance in neuropsychiatric
conditions. This form of gene regulation, the main function appearing to be a
process that allows for the short-term adaptation of a species to allow for
reversible phenotypic variability. The mechanisms by which this occurs include;
DNA methylation, histone acetylation or via micro RNA’s mechanisms [95].
Lifestyle, eating habits and even cognitive behavioral therapy are factors that can

translate into epigenetic changes and it may be transgenerational. Aggressive
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risk factor control for dementia and stroke, which are largely the same
(hypertension, smoking, diabetes, hyperlipidemia, elevated body mass index,
hyperhomocysteinemia) require renewed emphasis for this population. For
example, an elegant study was done by Gons RAR et al, using MR diffusion
tensor imaging, to measure white matter fiber tracts and compared to
neuropsychological scores in smokers and those who had stopped. It was shown
that smoking affects the microstructural integrity of white matter and is
associated with impaired cognition. Quitting smoking reversed the impaired

structural integrity [96].

Seven frontal subcortical circuits (FSC’s) are currently recognized as the
neurobiological substrate of all frontal syndromes including the maijority, if not all
psychiatric syndromes (figure 5). They are all similar in that they connect the
frontal cortex via the striatum, then globus pallidus, thereafter with the thalamus
and back to the frontal cortex completing the circuit. Two examples of the
circuitry are depicted for the dorsal lateral prefrontal cortex executive circuit
(figure 6) and the emotional circuit beginning and ending in the anterior cingulate
cortex (figure 7). Within each of these, there are 3 orders of connectivity and
each has direct and indirect pathways. There are cortico-cortico connection
circuits with the other FSC'’s and open connections to areas outside the FSC’s
[97].

Connections to the hippocampus, for example, is important, as the appreciation

of so called molecular anatomy in this region is also a type of "melting pot” for
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traditional psychiatric and neurological disease. There is regional vulnerability
across the brain and within the hippocampal formation. For example, the CA1
subfield is particularly vulnerable to vascular disease because of the relatively
high expression of NMDA receptors in the CA1 subfield. On the other hand, the
dentate gyrus is vuinerable in the context of post adrenalectomy because of
relatively high levels of mineralocorticoid receptors here. As an overview
therefore, Aizheimer's disease, cognitive vascular disorder and normal ageing
are regarded as hypometabolic (by functional and structural MR imaging) and
schizophrenia, depression and PTSD as hypermetabolic, each in different parts

of the hippocampal formations (figure 8) [98].

Neurotransmitter systems integral to these circuits, include the principal on-off
glutamate and GABA respectively and the modulatory aminergic state dependent
influences of the dopamine, noradrenaline, serotonin and acetylcholine and
histamine networks that have the nuclei in the pons and midbrain and ramify
diffusely in the neocortex, but principally in the frontal lobes. Dopamine is the

principal neurotransmitter in this regard [97].

Preliminary data for aminergic cognitive enhancing therapy in frontal disorders

Serotonergic and noradrenergic therapy is already established for the treatment
of depression, a frontal syndrome, and acetylcholine alleviates dysmemory.

Cognitive enhancing agents and memory enhancers are approved therapies for
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Alzheimer's disease and include Donepezil, Galantamine, Rivastigmine and
Memantine. Serotonergic and noradrenergic agents are used for depression as
well as for a variety of neuropsychiatric disorders including attention deficit
hyperactivity disorder (ADHD), obsessive-compulsive disorders (OCD) and
psychoses [99-102]. Successful treatment for frontal lobe disorders have been
reported for the attentional disorders that accompany them with Methylphenidate,
Dextroamphetamine, Pemcline and Modafanil, with at least one successful
randomized double blinded placebo controlled trial [103]. Serotonergic therapy
using selective serotonin reuptake inhibitors have been shown to improve
naming ability in mild to moderate fluent aphasia and shown to correlate with
improved mood and decreased perseveration [104]. Some success has been
reported in the modification of disinhibition behaviors seen in patients with
orbitofrontal injuries with antipyschotics, benzodiapezines, Buspirone,
Carbamazepine, Trazadone, Propranolol, Valproate, antidepressants and Lithium
[105]. In addition, cholinomimetic agents (Donepezil, Galantamine, Rivastigmine)
incur modest improvements in memory as well as other cognitive functions such

as psychosis, agitation, apathy, disinhibition and aberrant motor behavior [108].

Rationale of dopaminergic therapy for dysexecutive syndromes

The beneficial effects of dopamine therapy has been reported for a number of
different frontal syndromes. The apathy accompanying the medial frontal

syndrome has been shown to improve anecdotally to psychostimulants or
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dopamine receptor agonists [107]. The abulia/akinetic mutism spectrum of
disorders has been successfully treated in some patients with Bromocriptine
[108]. Neglect syndromes have similarly responded to Bromocriptine more so
than Methylphenidate [109]. Motor speech disorders localized to the left frontal
regions such as expressive (Broca's type) aphasia and the dysexecutive
syndrome have similarly responded to dopaminergic therapy [110-113]. These
reports derive from case series and isolated case reports from heterogeneous
pathophysiological entities such as dementia, trauma, encephalitis and stroke.
Despite the multitude of different neurotransmitters involved in cognition
pertaining to the cognitive circuitry of the frontal network systems, dopamine,

serotonin, noradrenaline and acetylcholine are the most important [104,105,114].

Functional neuroimaging has revealed that for many different kinds of cognitive
demands, three frontal regions are recruited by diverse cognitive demands.
These include the mid dorsolateral, mid ventrolateral and dorsal anterior
cingulate cortex. This is regarded as a function of the anatomical fact that any
small region of frontal cortex is connected both to an immediately adjacent
region, as well as a widespread network of small, structured patches of cortex
[115]. Three frontal syndromes are frequently enunciated including the
dysexecutive (dorsolateral prefrontal cortex), apathetic (anterior cingulum) and
disinhibited (orbitofrontal). The latter is less likely to respond to dopaminergic

therapy from the preliminary data available. Rather, disinhibited syndromes are
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more likely to benefit from other neurotransmitter modifying agents including

Carbamazepine, Valproate, Lithium and serotonin reuptake inhibitors [116-121].

Other treatments and interventions

Cognitive therapies may comprise of potential treatments by the following

approaches;

Small molecules (stimulant therapy)

» Growth factors

¢ Cell based therapies

e Electromagnetic stimulation (transcranial magnetic stimulation)
e Other device based therapies

o Task orientated and repetitive training [122].

At the time of writing, it appears that a reasonable hypothetical approach, would
be to establish whether combination therapy {a cocktail therapy), more
specifically a combination of aminergic (norepinephrine, serotonergic,
dopaminergic) cholinergic (Galantamine, Donepezil, Memantine) and stimulant
(Modafanil) therapy, improve subtypes of frontal network syndromes. Such
therapy may translate into profound benefits at a personal and societal level.
Conceivably in the future all of the above approaches might be used in an

individual patient.
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It is readily apparent that on a neurobiological basis, the disciplines of neurclogy,
psychiatry and neuropsychology, represent only a superficial, human induced
division. Furthermore, there is a strong movement in psychiatry to view
psychiatric disorders on dimensional or numeric scales, rather than
dichotomizing conditions, as is portrayed by the DSM-IV/V classification. This is
supported both by the polygenic mode of inheritance and the clinical
observations that psychiatric conditions are better described on a continuum

overlapping with normaility [123].

In addition to the 3 principal frontal behavioral syndromes of apathy/abulia,
disinhibition and executive dysfunction, the major neuropsychiatric syndromes
such as schizophrenia, bipolar disorder, obsessive compulsive disorder,
Tourette’s syndrome and depression are best considered in terms of frontal
subcortical circuit disturbances, that may be deconstructed into the core frontal
syndromes of working memory, initiation, disinhibition and monitoring disorders

(figure 8). These then facilitate the targeting of specific treatments.

Implications for health care policies

Health policy planners have long needed an index of frontal dysfunction to
determine eligibility for long-term care benefits. The improved imaging capability

of MRI, SPECT and PET scanners has delineated frontal impairment in patients
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without gross frontal lesions. There is a strong link between impaired frontal
function by testing and impaired performance in the goal directed behavior in the

natural environment, most notably careers and employment [124].

Brain disorders cost the European Community 1 trillion dollars per year (800
billion Euros). The European Brain Council has determined that this is more than
cardiovascular disease, cancer and diabetes combined and exceeds the gross
domestic product of the Netherlands, for example. Furthermore the greatest
clinical impact and cost benefit wouid be through the prevention of these
diseases. Yet, at the same time the pharmaceutical industry is shying away from
drug development in this arena because of the complexities and difficulties
associated with these brain disorders. Only a better understanding of the
neurobiology of brain function and frontal systems in particular will yield effective

treatments [125].
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Chapter 7. Conclusion and Concluding Remarks

Conclusion

The culmination of these research papers, established that cognitive syndromes,
in particular FNS are critically important in assessing and monitoring brain
function. In the realm of the dementia avalanche that is due and test the budgets
of most countries of the world in the next decades, it was shown that evaluation
for disinhibition, word list generation, 5 word memory testing and PET brain
imaging may help distinguish the three most common dementia subtypes.
Despite the compounding influence of cognitive reserve, it appears that these
simple, quick, executed, bedside tests may be robust enough to alert the clinician
to an impending brain failure. This research supports the use of relatively simple
and rapidly administered bedside type cognitive and behavioral testing, even for
complex dementia syndromes. Many people have neither the residual cognitive
faculties, nor the necessary attentional capacities required for prolonged

neuropsychological testing.

81



Concluding remarks

The important concept of considering cognitive status in the context of cognitive
reserve was also supported in this research. At the same time, the parallel
contributions of sophisticated metabolic, network and molecular neurcimaging
are making major strides in understanding brain function and dysfunction. The
current status has been reviewed and integrated with the clinical research

findings presented.
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Figure 1. Default Mode Network {orange/yellow) and Attentional Networks
(blue)

PCC posterior cingulate cortex, JACC — dorsal anterior cingulate cortex, mPFC —
medial prefrontal cortex, MTL — medial temporal lobe, SPL-IPS — superior
parietal lobe, inferior parietal lobe, FEF — frontal eye field, DLPFC — dorsal
prefrontal cortex, plPL — posterior inferior parietal lobe, MT or VS — medial
temporal. Carhart-Harris RL, Friston KJ. The default mode, ego functions and
free energy: a neurobiological account of Freudian ideas. Brain 2010;133:1265-
1283 (with permission)
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ﬁ Salience Intrinsic connectivity Executive
processing networks control

Figure 2. The Salience network anchored by the anterior cingulate and
orbital fronto insular cortices (red) compared to executive control network
(blue) a network of the dorsolateral prefrontal cortex and parietal regions.

The scans are by task free functional MRI with the BOLD signal presented in t-
score color bars. Reference: Seeley WW, Menon V, Schatzberg AF, Keller J,
Glover GH, Kenna H, Reiss AL, Greicius MD. Dissociable Intrinsic Connectivity
Networks for Salience Processing and Executive Control. The Journal of
Neuroscience 2007;27:2349-2356 (figure reproduced with permission).
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Figure 3. Hippocampal syndromes according to sub-region and hypo or

hyperactivity.

Small SA, Schobel SA, Buxton RB, Witter MR, Barnes CA. A pathophysiological
framework of hippocampal dysfunction in ageing and disease. Nature Reviews
Neuroscience 2011;12:585-601 {Nature publishing with permission).
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Figure 4. Putative hippocampal functional map with each of the major
divisions of the hippocampus performing a distinct cognitive process

Integration of inputs (CA1), pattern separation (dentate gyrus), pattern
completion (CA3), memory retrieval (subiculum) and brief retention in memory

Input

integration

tasks (entorhinal cortex). {Nature publishing with permission).
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Figure 5. The 7 frontal subcortical circuits

Middleton FA, Strick PL. A Revised Neurcanatomy of Frontal — Subcortical
Circuits. In Lichter DG, Cummings JL (eds). Frontal subcortical circuits in
Psychiatric and Neurclogical Disorders. 2001,Guilford, London
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Figure 6. All frontal subcortical circuits follow the pattern of connectivity
from the frontal cortex — striatum — globus pallidus — thalamus - frontal

cortex.

This figure demonstrates the FSC for the executive loop beginning and ending in
the dorsolateral prefrontal cortex.
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Figure 7. All frontal subcortical circuits follow the pattern of connectivity
from the frontal cortex — striatum — globus pallidus — thalamus - frontal

cortex.

This figure demonstrates the FSC for the emotional loop beginning and ending in
the anterior cingulate gyrus.
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Appendix 1

The four separate IRB approved cognitive stroke registries using cognitive

vascular disorders as the brain lesion model.

1. The NIH-NINDS Stroke Data Bank (New York)

Under the following contracts;

NO1-NS 2-2302, NO1-NS-2-2384, NO1-NS-2-2398, NO1-NS-2-2399, NO1-NS-6-
2305

Status of stroke research fellow (1990-1991)

2. The Durban Stroke Data Bank. IRB approval University of Natal, Durban,
South Africa (memorandum dated signed)

Status: Principal Investigator (1992-1998)

3. The USF-TGH Stroke Registry. IRB # 102354 (University of South Florida)

Status: Principal Investigator (2002-2006)

4. The USF-Cognitive Stroke Registry. IRB # 106113 (University of South

Florida)

Status: Principal Investigator (2007-2010)
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Appendix 2

1. Postgraduate Education Committee letter of acceptance of candidate

2. Biomedical Research Ethics Committee acceptance of USF IRB approval in
lieu of BREC approval
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UNIVERSITY OF
Student no: 673876030 KWAZULU-NATAI
Or M Hoffman
mboftmanddhe=h.usa.edy
Dear Dr Hoflman

Doctor of Philosophy: “Frontal Network Syndrome Testing: A hlararchical and time orientad
approach.”

ihm-pllas.rehMmh&damoﬂngPumednaﬁnncmmhhwmﬂhos
Oclober 2010, it was rscommended to the Faculty Soard that you b accepiad as a candidate for the abovs
dagres o ba supervised by Professor JV Robbs and co-supervissd by Professor B Pikiay. {Bohavioural
Madicine).

Encloged ploase End the following.
* Guude 1o the procedurss for Postyraduate shidy
»  Hand Book - Nelson R Mandel School of Medicna
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Ragearch application fuma will be @ mailed In due courss,
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Cet  Professor SV Robbs Head of Departimont: Pretagecr 8 Pillay
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Posigradvate Educofion Administration
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UNIVERSITY OF
B KWAZULU-NATAL
w

INYUVES)
N YAKWAZULU-NATALI

RESEARCH OFFICE

Bramedical Research Ethics Adiinistration
Weatvilie Campus, Govan Mbaki Bullding
Private Bag X 54001

Duyrbary

4000
KwaZulu-Natal, SGUTH AFRICA
Tel: 27 31 2604769 - Fax: 27 31 260440%

15" Octobrer 2012

Professor M Mars
Academic Leader
_ Mursirig and Public Health
Howard College Campus
8 REN.AC.2

Dear Professor Mars,

RE: PhD Or Michael Hoffman Frontal network syndrome testing: A Werarchical and time oriented
approach.

Our conversation in July 2012 refers.

We have reviewed the documentation carefuliy and recommended the following ta the DVC
{Research):

1} That the fack of UKZN BREC ethics review and approval be condoned as a good faith ervor on
the part of the candidate,
2] That the US IRB ethics approval {USF IRB dated 4™ May 2011} be accepted it fieu of BREC

approval
3) That both supervisors (Professors ot V Robbs and Basil Pillay) be advised that this thesis

should not have praceeded without BREC approvat and that they are advised to have sight of
a BREC approval letter before allowing research {including for higher degrees) to proceed. A
letter to this effect has been sent to both supervisors.

4} That no further attion be taken.

The DVC (Research) has endorsed these recommendations,

The PhD may thus be examined as usual when it is ready for submission on the understanding that
the US IRB approval is acteptad, in this particular case only, i fieu o¢ BREC approval

It may be pertinent ta advise 3l supervisors and researchers i the Coflege to famifiarise themselves

with the University's ethics policies and that supervisors in »articular showid insist on seeing each
student’s Ainal letter of BREC approval before allowing data collection to commence We are trying
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to send copies of all correspondence to supervisors but this is not routinely possible until our
systems are upgraded.

K'ndly acknowledge receipt of this letter,

Yours sincerely,

Wum—-—-

prof D R Wassenaar
Chair: Biomedical Research Ethits Committee
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Appendix 3

Permission letters from journals for permission to reproduce figures 1-4.

1. Brain - figure 1

2. Journal of Neuroscience — figure 2

3. Nature Neuroscience Reviews — figures 3 and 4
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Corrigenda

1. Manuscript # 4 on table 2 has been noted to have an error post publication
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