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Abstract.

Background: Limited literature exists regarding the clinical features of end stage behavioral variant frontotemporal dementia
(bvFTD). This data is indispensable to inform and prepare family members as well as professional caregivers for the expected
disease course and to anticipate with drug-based and non-pharmacological treatment strategies.

Objective: The aim of the present study was to describe end stage bvFTD in a broad explorative manner and to subsequently
evaluate similarities and dissimilarities with the end stage of the most prevalent form of young-onset dementia, Alzheimer’s
disease (yoAD).

Methods: We analyzed medical files on patients, using a mixed model of qualitative and quantitative approaches. Included
were previously deceased patients with probable bvFTD and probable yoAD. End stage was defined as the last 6 months
prior to death. Primary outcome measures comprised somatic, neurological, and psychiatric symptoms and the secondary
outcome measure was cause of death.

Results: Out of 89 patients, a total of 30 patients were included (bvFTD; n=12, yoAD; n=18). Overall, the end stages of
bvFTD and yoAD were characterized by a broad spectrum of clinical symptoms including severe autonomic dysfunction
and an increased muscle tone. Patients with bvFTD displayed more mutism compared with yoAD while compulsiveness was
only present in bvFTD.

Conclusion: Our study describes the full clinical spectrum of end stage bvFTD and yoAD. In this study, symptoms extend
far beyond the initial behavioral and cognitive features. By taking both somatic, psychiatric, and neurological features into
account, family members and professional caregivers may anticipate (non) pharmacological treatment.
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INTRODUCTION

Frontotemporal dementia (FTD) is an incurable
progressive neurodegenerative disease that is char-
acterized by degeneration of the frontal and temporal
lobes. It is the second most common type of young-
onset dementia after Alzheimer’s disease (AD) [1,
2]. Frontotemporal dementia is a heterogeneous dis-
ease with different phenotypes, including primary
progressive aphasia which can be further subdivided
in the semantic variant and progressive non fluent
aphasia (PNFA), and the behavioral variant (bvFTD)
which is the most prevalent form [3]. bvFTD is
characterized by behavioral disturbances including
apathy, stereotyped behavior, disinhibition, hyper-
orality, and loss of empathy [4-6].

Due to the absence of curative treatment, all
patients eventually will face the end stage, unless
they decease earlier due to comorbid diseases [7-9].
Young-onset dementia in particular is accompa-
nied with severe behavioral disturbances; caregivers
experience high levels of burden and suffer from
depressive symptoms and a broad spectrum of psy-
chosocial problems [10, 11]. Due to the characteristic
key features of bvFTD such as apathy and disin-
hibition, the behavioral variant is associated with
a far higher caregiver burden in comparison with
late-onset AD or other subtypes of FTD [12-14].
Besides, in young-onset AD (age<65) the most
prevalent neuropsychiatric symptom is apathy [15],
which is likewise accompanied with severe caregiver
burden [16] and is the main predictor of institu-
tionalization in young-onset dementia [17]. Within
the nursing home environment, it is acknowledged
that providing care to residents with younger-onset
dementia can be highly demanding [18, 19]. As a
result, a high prevalence of psychotropic drug use is
reported in young-onset dementia in nursing homes.
In particular, this is described with regard to neu-
ropsychiatric symptoms, where it has limited efficacy
and is often accompanied with severe side effects
[20-22]. Moreover, quality of life of the patient is
negatively associated with advanced dementia and
psychotropic drugs use [23].

Yet, despite these severe clinical issues, literature
regarding clinical features of end stage bvFTD as
well as the cause of death is insufficient. In fact,
merely an increase of aphasia is reported as a fea-
ture, in some cases resulting in mutism, as well as
development of dysphagia causing aspiration pneu-
monia thereby contributing to mortality [24]. Other
studies focused solely on functional status, degree

of suffering, or neuropsychiatric symptoms [25-30],
whereas dementia has devastating effects on mul-
tiple facets leading to somatic, neurological, and
psychiatric complications [31-33]. Literature regard-
ing cause of death in bvFTD reports a premature
and sudden death in the majority of patients whereas
the underlying cause remained undiscovered. Addi-
tionally, a few cases of suffocation due to severe
hyperorality have been described [24, 34].

At present, specific evidence-based guidelines for
end stage bvFTD are lacking. Overcoming the gap
in knowledge concerning the clinical appearance
of advanced bvFTD is indispensable to adequately
inform and prepare family members as well as pro-
fessional caregivers for the expected disease course.
Gaining more clarity about clinical features in the end
stage is essential for planning of non-drug treatment
strategies and in reducing unnecessary pharmaco-
logical treatment. Moreover, defining the end stage
can contribute in developing palliative guidelines
for bvFTD, thus optimizing care including adequate
symptom control, which can decrease disease burden
for family members as well.

We hypothesize that it is conceivable that as the dis-
ease progresses and expands beyond the frontal and
temporal brain regions, symptoms of bvFTD become
more similar to other types of dementia. On the other
hand, FTD might display unique symptoms that relate
to specific disease mechanisms, even within the end
stage.

Therefore, our first aim was to investigate the full
clinical picture of symptoms that define the end stage
of bvFTD and compare these findings with young-
onset AD (yoAD). Secondly, we aimed to study the
cause of death in bvFTD and yoAD.

METHODS
Design

An explorative approach was chosen by perform-
ing a mixed model of qualitative and quantitative
research techniques by using an exploratory sequen-
tial design [35, 36].

First, qualitative research was initiated with a
literature review for hypothetical features outside
the diagnostic criteria of bvFTD [37] and AD
[38] that are associated with the end stage of
dementia. The literature review was performed in
PubMed, in March 2019 by ME. Articles between
1982 and 2019 were retrieved. The following
search terms were used in various combinations:
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‘Frontotemporal dementia’, ‘FTD’, ‘behavioural
variant frontotemporal dementia’, ‘behavioral vari-
ant frontotemporal dementia’, ‘bvFTD’, ‘FTLD’,
‘Frontotemporal Lobe Degeneration’, ‘Alzheimer’s
disease’, ‘AD’, ‘early onset’, ‘young onset’, ‘end
stage’, ‘end of life’, ‘final stage’, ‘advanced
dementia’, ‘palliative’, ‘palliative care’, ‘terminal’,
‘neuropsychiatry’, ‘survival’, ‘progression’, ‘cause
of death’, ‘die’, ‘dying’, ‘mortality’, ‘mortal’, ‘nurs-
ing home’. The search led to twenty-four articles
[25-30, 32, 33, 39-54] and the features deriving from
this literature review were noted.

Subsequently, qualitative research was further
carried out in the patient’s medical files of the
Lisidunahof nursing home by examining all daily
reports from the nursing staff, physicians, speech
therapist, physiotherapist, occupational therapist,
dentist, dental hygienist, as well as the semi-annual
multidisciplinary patient evaluation, for emerging
features apart from the features derived from liter-
ature review and diagnostic criteria of both bvFTD
[37] and AD [38]. Additionally, somatic events were
noted. The daily medical reports were generally writ-
ten by the same group of staff. Emerged features from
the patient files and literature review were combined
with the diagnostic criteria and further categorized by
subdividing them into themes and subthemes.

Thereafter, all patient medical files were reassessed
and all features mentioned were categorized into
the previously formed themes and subthemes. In
order to avoid missing features that might have been
present yet were not mentioned in the patient files,
the features were verified during informal interviews
with the nurse and the physician whom had a treat-
ment relationship with the patient in the last six
months before death. The informal interviews took
place after reassessment of the patients files. Fea-
tures that had not been assessed or could not be
retrieved from the patient files nor from the infor-
mal interviews were reported as missing. Assessed
features that were absent were reported as absent.
From the qualitative categorized data, nominally
scaled variables were expressed in relative frequen-
cies of features mentioned across the patient files,
which were sequentially used for descriptive statis-
tics to outline the end stage of bvFTD and yoAD.
In this manner, explorative qualitative data could be
subsequently converted to quantitative data (relative
frequencies), previously referred to as the explorative
sequential design.

All features were examined per time phase, subdi-
vided into 1) six to four months before death, 2) four

to two months before death, and 3) two months until
death, in order to map the time course of end stage
symptoms. Figure 1 provides a schematic overview
of the study design.

Cause of death was determined with a physical
examination performed by the geriatric physician,
taking into account the disease course and medical
history of the patient.

Assessment of pain was performed by the geriatric
physician that was interviewed by ME. Attention was
paid to an excessive or reduced response to situations
that can be painful or uncomfortable such moments
where patients received physical care, by assessing
facial expressions, groaning, changed behavior, rest-
lessness, change in intake, micturition, defecation,
and overall functioning. By working in a permanent
team and involving the informal caregiver, changes
could be quickly noticed.

Subjects

In our study, we focused on the clinical profile
of end-stage bvFTD (case-group) and young-onset
AD (control group), being the most frequent causes
of young-onset dementia. All patient files were col-
lected from the Lisidunahof, a nursing home in the
Netherlands, specialized in young-onset dementia.
All patients were admitted between 2002-2019 and
all deceased in this same period of time.

Participants were included if they were deceased
and met the criteria for ‘probable’ bvFTD [37] or
‘probable’ Alzheimer’s disease [38]. In order to ver-
ify if they met these diagnostic criteria, their charts
were reviewed, taking into account the results of addi-
tional examinations, by ME and FG. Three patients
had a normal MRI of the brain during initial diagnos-
tic workup, therefore meeting the criteria of possible
bvFTD [37]. Yet, there was a gradual slow progres-
sion of the disease with clinical symptoms remaining
congruent with bvFTD, resulting in admission in the
nursing home, eventually leading to death. Due to
the evident clinical picture of bvFTD, the treating
physician decided it was redundant to repeat neu-
roimaging. Thus, it was considered highly likely that
these patients had (probable) bvFTD and therefore
they were included.

All participants were in the “very severe” or “pro-
found” stage of the disease six months prior to death,
based on the Frontotemporal Dementia Rating Scale
(FRS) [26] for bvFTD and within the “severe” stage
of AD using the Clinical Dementia Rating (CDR)
scale [55].
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Fig. 1. Flowchart exploratory sequential design. *Patients with advanced bvFTD and AD from nursing home Lisidunahof. The last 6 months
prior to death were assessed, separated per time phase: 6—4 months before death, 4-2 months before death, 2 months until death. **Informal
interviews with the nurse and geriatric physician to check for missing features that might have been present yet were not mentioned in the

patient files of the study cohort.

Patients were excluded in case of language vari-
ants of FTD, missing documentation in the last six
months before death, a mixture of forms of dementia,
diagnosis of epilepsy before diagnosis of dementia,
a neurodegenerative disorder other than bvFTD or
(young-onset) AD in the medical history, (chronic)
delirium in the last six months before death and the
frontal variant of AD.

Measures

The following demographic and clinical char-
acteristics were collected: age at death, gender,
year of symptom-onset, year of death, education
in years, medical history, cause of death and pre-
viously performed additional diagnostics (genetics,
imaging of the brain including computed tomog-
raphy (CT), magnetic resonance imaging (MRI),
fluorodeoxyglucose positron emission tomography
[1SF]—2-deoxy-2-ﬂu0r0-D—glucose (FDG) positron-
emission tomography (FDG-PET), amyloid positron
emission tomography (amyloid-PET), neuropsycho-
logical examination, cerebrospinal fluid (CSF) and
drug treatment.

The primary outcome measures consisted of the
clinical symptoms present in the end stage of bvFTD
and early-onset AD, divided in somatic features,
including somatic events that occurred in the last six

months, neurological and psychiatric features. The
secondary outcome measure consisted of cause of
death.

Statistical analysis

IBM SPSS Statistics 22.0 was used for all
descriptive and explanatory statistics. For continu-
ous variables, it was examined whether it followed
a normal distribution. Depending on the distribution,
Mann Whitney U Test was used to test for differ-
ences in age and years of education between the
two groups whereas the independent Student T test
was performed to test for dissimilarities in disease
duration. Chi-square test was used to test for gender
differences between bvFTD and yoAD.

Ethical considerations

This study was designed and conducted according
to the Declaration of Helsinki. The study protocol
was approved by the Ethical Committee of the VU
University Medical Center deciding that The Medical
Research Involving Human Subjects (MRIHS) did
not apply for this study. The study was performed
under the laws of General Data Protection Regulation
(GDPR) and the Code of Good Conduct.
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RESULTS
Study sample

Out of 89 patients, 41 patients were not deceased
and therefore not eligible. Of the 48 remaining
patients, 18 were excluded due to the presence of
language variant of FTD (n=11), missing documen-
tation in the last six months before death (n=1), the
frontal variant of AD (n =2), or a mixture of dementia
(n=4). Ultimately, the total sample size included 30
patients; n=18 for yoAD, n=12 for bvFTD.

Qualitative results from literature, diagnostic
criteria, and patient files

Qualitative research from the literature review,
diagnostic criteria, and patient files led to the fol-
lowing outcome measures; somatic events were
categorized in ischemic stroke, hemorrhagic stroke,
myocardial infarction, arrhythmia, deep vein throm-
bosis, renal impairment, pulmonary embolism,
hematological complications, transient ischemic
attack, transient loss of consciousness by unknown
cause and ileus. In addition, clinical features in
the end stage were divided into the following
(sub)themes: somatic features including inconti-
nence, decrease of eating, weight gain or weight loss,
cachexia, autonomic disorders (including constipa-
tion, thin defecation, undigested stool, epiphoria,
saliva flood, changed pain perception), reversed day-
night rhythm, infections, pain, pressure ulcers, inter-
trigo, fever, nausea/vomiting, bedridden and dental
issues; neurological features including language dis-
order divided in mutism/no mutism, hypersomnia,
hypertonia, hyperextension of the neck, contrac-
tures, impaired trunk balance, apraxia, nystagmus,
dysphagia, parkinsonism, epilepsy, myoclonus and
fasciculation, gait disorders (including balance dis-
order due to impaired proprioception, hypokinetic
rigid, paretic hypotonic, spastic, vestibular, func-
tional, ataxia, apraxia, hanging crooked with the
upper body to one side while walking). Gait
disorders were assessed by a geriatric physician
and physiotherapist with expertise in dementia.
Psychiatric features included bradyphrenia, restless-
ness, suspicion, euphoria, persistent calling, wander,
urge for walking, echolalia, grimaces, disinhibition,
apathy, compulsive behavior, hyperorality, eupho-
ria, anxiety, depressive symptoms, and agitation/
aggression.

Table 1
Demographics at death
All bvFTD yoAD P
n=30 n=12 n=18
Sex (Male) 12 (40) 7 (58) 528) 0.14
Age 649+8.0 62.3+£102 66.7+5.8 0.39

Education level® 543+£82 55010 539+0.7 0.72
Disease duration®, y 11.7+4.5 12.0+£4.5 11.6£54 0.8l

Data represent n (%), mean & SD. P-values are based on Chi-
square test for sex, Independent two-sample r-test for level of
education & disease duration, Mann-Whitney U for age. *The level
of education was classified by using the Verhage system, ranging
from 1 (no or little education) to 7 (highest academic degree) [92].
YRepresents the time from the onset of symptoms till death.

Missing features

Features including weight loss, weight gain,
cachexia, parkinsonism, and trunk balance could not
be fully retrieved from all the patient files throughout
the last six months (>30% missing values) and were
therefore excluded.

Demographics

Table 1 provides an overview of the demographic
characteristics of the diagnostic groups. Overall,
there were no significant differences between bvFTD
and yoAD in mean age at death (65 8.0 years,
p=0.39), level of education (5.43 +8.2, p=0.72),
and gender (40% male, p=0.14).

Clinical features

Table 2 displays the clinical features from the
patient files that had a prevalence of >50% in either
bvFTD or yoAD. Most of these were prevalent in both
disorders. In the last six months of life, >70% of all
participants experienced incontinence and pressure
ulcers. Moreover, they were bedridden, had dental
issues, and displayed severe autonomic dysfunction.
Throughout the last six months, a changed pain per-
ception was the most prevalent type of autonomic
dysfunction, followed by constipation and thin defe-
cation. The most prevalent somatic event was an
infection, followed by transient loss of consciousness
by unknown cause. Other events included fever due to
cerebral dysfunction, cerebral ischemic attack, scle-
rotic bone lesions, gastric hemorrhage, hematological
complication, and an ileus caused by refractory con-
stipation, of which the last three resulted in death.
Regarding the neurological features, all patients
experienced language disorders (100%), comprising
mutism in 75% of bvFTD cases, whereas this was
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Table 2
Core clinical features from the patient files in the nursing home?®

bvFTD AD
n=12 n=18

Somatic features

Incontinence® 92 100
Autonomic function disorders 100 100
Changed pain perception 90 100
Constipation 75 72
Thin defecation 50 67
Pressure ulcers 58 88
Bedridden 75 100
Intertrigo 33 65
Dental issues 67 100
Decrease in eating 50 72
Pain 42 50
Neurological features
Hypersomnia 83 100
Dysphagia 75 83
Mutism 75 24
Hypertonia 50 65
Myoclonus 33 56
Gait disorder due to impaired balance® 58 81
Apraxia
Psychiatric features 100 100
Apathy 92 73
Restlessness 58 71
Disinhibition 50 24
Compulsiveness 67 0.0
Bradyphrenia 83 61
Grimaces 50 27

Data represent rounded numbers of the highest percentage
achieved per feature of the three measurements in time (6—4 months
prior to death, 4-2 months prior to death, 2 months until death).
4Displayed features all have a total prevalence >50% in bvFTD or
yoAD, or both in the last six months. ®Incontinence for defecation
and urine. “Balance disorder caused by impaired proprioception.

less common in yoAD (23.5%). Other neurological
features with a prevalence of >70% included hyper-
somnia, apraxia, dysphagia, and gait disorders. The
most prevalent gait disorder was due to inability of
maintaining balance caused by impaired propriocep-
tion, followed by a gait in which the patient is hanging
crooked with his upper body to one side while walk-
ing. Furthermore, >70% of all participants were
apathetic and displayed bradyphrenia. Compulsive-
ness was a unique feature of bvFTD (66.7% versus
0.0% in yoAD).

In contrast, hyperextension of the neck yielded
a lower prevalence (33.3% in bvFID, 23.5% in
yoAD two months before death). Additionally, less
common features included reversed day and night
rhythm, epihoria, undigested stool, saliva flood, nys-
tagmus, echolalia, and euphoria with an overall
prevalence <10% throughout the last six months for
both bvFTD and yoAD. None of the participants

suffered from fasciculations or gait disorders on base
of a spastic, vestibular, functional, or ataxic walking
pattern.

Trajectories of clinical features

During the last six months until death, in both
groups there was an increase in prevalence (>10%,
maximum of 61%) of features including pressure
ulcers, decrease of eating, being bedridden, pain,
fever, nausea/vomiting, dysphagia, gait disorders,
myoclonus, and anxiety.

In particularly bvFTD, there was an additional
increase of >10% in daytime sleepiness, autonomic
disorders, and epilepsy, whereas in yoAD these
features included, hypertonia, restlessness,and inter-
trigo. On the other hand, features that decreased
solely in bvFTD (>10%) included disinhibition and
hyperorality. In yoAD there was a decrease of wander
(=10%).

Cause of death

Table 3 provides an overview of causes of death.
All patients died in the nursing home. The major-
ity of the patients in both groups deceased due to
an infection caused by aspiration pneumonia (mean
prevalence 40%), followed by cachexia accompa-
nied with dehydration (mean prevalence 33%). Other
causes of death were gastrointestinal related includ-
ing gastric hemorrhage and ileus (mean prevalence
10%), and several other divergent causes such as
overall deterioration in dementia, continuous epilep-
tic status, rapid suspected hematological process, and
acute respiratory insufficiency due to heart failure.

Table 3
Cause of death

All bvFTD yoAD

n=30 n=12 n=18

Infection® 12 (40) 4(33) 8 (44)
Cachexia and dehydration 10 (33) 3(25) 7(39)
Gastrointestinal cause® 3(10) 1(8) 2(11)
Other® 5017) 4(33) 1(6)

Data represent n (%). All patients deceased in the nursing home.
A(aspiration)pneumonia (n=10), cause of infection unknown
(n=2), Plleus due to refractory constipation (n= 1), gastric hem-
orrhage (n=2), “Overall deterioration in dementia (n=1), cause
of death unknown (n=1), continuous epileptic status in demen-
tia (n=1), rapid suspected hematological process and dementia
(n=1), acute respiratory insufficiency due to heart failure (n=1).
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Table 4
Drug treatment

bvFTD AD Total
n=12 n=18 n=30

Analgesics 58 83 73
Vitamin supplements (B, C, D) 67 61 63
Laxatives 58 61 60
Emollients/moisturizers 25 50 40
Proton pump inhibitor 25 39 33
Disinfectants 17 28 23
Antifungal cream 8 28 20
Anti-emetics 33 6 17
Corticosteroids (skin/inhalation) 25 11 17
Parasympathicolytic drug 8 17 13
Antihistamines 0 22 13
Antibiotics 17 0 7
Analogue of prostaglandin F 0 6 3
Artificial tears 0 11 7
Platelet aggregation inhibitors 8 6 7
Biguanides 8 0 3
Alpha-blockers 8 6 7
Statins 8 0 3
Vitamin K antagonists 8 0 3
Angiotensin-converting enzyme 0 6 3
(ACE) inhibitors

Melatonin agonists 8 0 3
Sympathomimetic 8 6 6
Antiandrogens 8 0 3
Muscle relaxants 8 0 3
Angiotensin II receptor blockers 0 6 3
Benzodiazepines 67 83 77
Typical antipsychotics 17 33 27
Atypical antipsychotics 25 17 20
Antiepileptic drugs 17 28 23
Non-selective serotonin reuptake 42 0 17
inhibitors

Selective serotonin reuptake 8 6 7
inhibitors

Tricyclic antidepressants 0 6 3
N-Methyl-D-aspartate receptor 0 6 3
antagonists

Cholinesterase inhibitors 8 0 3

Data represents prevalence (%) of drug treatment in last six months
of life till death.

Drug treatment in bvFTD and yoAD

Throughout the last six months of life, the
most commonly prescribed drugs included anal-
gesics (73%), psychotropic drugs (>70%), vitamin
supplements (63%), laxatives (60%), emollients/
moisturizers (40%), and proton pump inhibitors
(33%). With regard to psychotropic drugs, ben-
zodiazepines were most frequently prescribed
in all patients (77%), whereas typical antipsy-
chotics (27%), atypical antipsychotics (20%), and
antiepileptic drugs (23%) were less commonly
prescribed. Other psychotropic drugs included non-
selective serotonin reuptake inhibitors (SNRIs)
(17%) selective serotonin reuptake inhibitors (SSRIs)

(7%), tricyclic antidepressants (TCAs) (3%), N-
Methyl-D-aspartate receptor antagonist (3%), and
cholinesterase inhibitors (3%). See Table 4 for an
overview of the prevalence of all prescribed drugs
in bvFTD and AD separately.

DISCUSSION

Our study describes the full clinical spectrum of
a nursing home sample with end stage bvFTD and
yoAD patients. This novel approach reveals that the
end stage of both dementias is characterized by a
broad range of features extending far beyond the
initial behavioral and cognitive features, including
severe somatic comorbidity in form of autonomic
dysfunction as well as an increased muscle tone.
We found that patients with bvFTD displayed more
mutism compared with yoAD, while compulsive-
ness was uniquely present in bvFTD. Towards death,
despite nearly all features increasing over time, there
was a notable decrease in prevalence (>10%) of
disinhibition and hyperorality in bvFTD. As 100%
of yoAD was bedridden 2 months before death, a
decrease of wander was reported (>10%). The most
common cause for death (40% of all patients) was
aspiration pneumonia.

Strikingly, in both bvFTD and yoAD the majority
of patients in our study displayed severe dys-
regulation of autonomic functions, predominately
expressed as a changed pain perception and gastroin-
testinal dysfunction.

Our findings are in line with previous studies that
report the presence of a changed pain perception in
both AD and bvFTD [56-58]. Interestingly, there
seems to be a syndrome dependent pattern of expe-
rience of pain as multiple studies found an increased
responsiveness to pain in AD, semantic dementia,
and PNFA, whereas a decreased responsiveness was
related to bvFTD [56, 58-60].

Remarkably, we found severe, extensive gastroin-
testinal complications. Surprisingly, solely one study
[61], in which an Autonomic Symptoms Question-
naire (ASQ) was obtained in informal caregivers of
patients with bvFTD, semantic dementia, and AD,
reported gastrointestinal dysfunction in particularly
bvFTD and semantic dementia.

Other studies reveal that autonomic dysregulation
is a core feature in the early disease stage of bvFTD
including urinary tract dysfunction, thermodysregu-
lation [58, 61, 62], increased heart rate and reduced
heart rate variability [62—-64], and a dysregulated skin
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conduction response [65, 66]. Research regarding the
evolution of autonomic failure over the disease course
could provide insight in this underlying pathological
mechanism and in this way may help in the develop-
ment of treatment strategies to reduce the symptom
burden.

Noticeably, hypertonia was predominantly preva-
lent in both bvFTD and yoAD, particularly in the
last two months before death. Interestingly, litera-
ture reports a corresponding characteristic change of
increased muscle tone occurring during the disease
course of dementia, including in bvFTD and AD,
referred to as paratonia. Paratonia is defined as a
variable, velocity, and force dependent kind of hyper-
tonia, whereby the estimated prevalence is 10—48%
in early stages up to 90-100% in end stage dementia
[67-73].

In this cohort, none of the patients showed fasci-
culations. Fasciculations reflect concomitant motor
neuron disease in FTD, which is particularly asso-
ciated with the C9ORF72 mutation present in
approximately 7-12% of the FTD cases [74]. In this
sample, carrier status for the COORF72 mutation was
unknown. Presumably, the absence of fasciculations
in this study is due to the small sample size.

Strengths of this study include the use of well doc-
umented patient data, enabling elucidation of the full
clinical spectrum of end stage bvFTD and yoAD.
Nonetheless, as a limitation of this study we must
acknowledge the relatively small number of partic-
ipants, reducing the generalizability of the results.
In addition, the fact that the clinicians were verbally
interviewed about clinical features could have led
to recall bias. However, the majority of information
derived from the patient files, thereby minimalizing
the possible effect on the results. Also, as missing
dataregarding clinical features including weight loss,
weight gain, cachexia, parkinsonism, and trunk bal-
ance could not be retrieved, it remains unraveled
whether these were present.

A plausible mechanism for our findings regard-
ing the dysregulated autonomic nervous system,
might be the effect of neuropathological changes
occurring in dementia. Areas that mediate auto-
nomic processes include the brainstem, amygdala,
hypothalamus, insula, and the anterior cingulate cor-
tex [62, 75-77]. In bvFTD, particularly the insula
and the anterior cingulate cortex are primarily
affected [78, 79]. However, as the disease pro-
gresses toward severe stages, other areas might be
impaired as well, which can likewise be expected
in yoAD. Interestingly, pain perception seems not to

be determined by disease severity nor demographic
or neuropsychological factors and the severity of
symptoms can vary widely among different sub-
types of dementias [58]. In a previous study, that
examined the neuroanatomical association between
altered behavioral responsiveness to pain and tem-
perature processing, the right-lateralized grey matter
in the mid and posterior insula (in sporadic bvFTD,
semantic dementia, PNFA), the bilateral posterior
thalamus (in C90rf72 mutation carriers), and the infe-
rior parietal cortex (in AD) [58] were found to be the
corresponding areas. In addition, the anterior cingu-
late cortex is involved in regulation of pain perception
[58, 80]. Thus, as both the thalamus, insula, and
anterior cingulate cortex are affected in bvFTD and
the inferior parietal cortex in AD, it is conceivable
that our findings of a changed pain experience are
attributable to degeneration in these specific brain
areas.

The underlying pathological origin of hypertonia
remains yet unrevealed. Typical antipsychotics are
notorious for their extrapyramidal side effects includ-
ing hypertonia, due to antagonizing dopamine type 2
receptors in both the mesocortical and limbic brain
area. Contrary, in atypical antipsychotics extrapyra-
midal side effects are less common. However, in this
study hypertonia is unlikely to be a side effect of
the psychotropic drugs, as the majority of patients
with hypertonia did not receive antipsychotics. More-
over, of the patients with hypertonia who did receive
antipsychotics, these were mainly atypical antipsy-
chotics instead of typical antipsychotics. Frontal
release symptoms, which are reflected by the reoc-
currence of neonatal reflexes, are associated with
paratonia, suggesting involvement of the frontal lobe
[72, 81]. Other studies hypothesized the possible
engagement of the substantia nigra in the advanced
disease stages of AD; however, analysis of the
dopaminergic nigrostriatal function by use of PET
[82] and brain autopsy [67] found no association. In
addition to the probable causative central cerebral
pathology for hypertonia, emerging evidence sug-
gest that there might also be a contributing role for
peripheral biomechanical alterations in form of accu-
mulation of advanced glycation end-products (AGEs)
possibly decreasing muscle elasticity and increasing
rigidity [83].

In this study, analgesics were frequently pre-
scribed for divergent causes, including pressure
ulcers, contractures, and in the context of pallia-
tive care. Also, because most patients had a changed
pain perception and were unable to express pain
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adequately due to cognitive impairment, the threshold
for prescription of analgesics was low. In this manner,
it was attempted to make the patient as comfortable as
possible. Among analgesics, opiates were prescribed
(predominately for providing palliative care). A com-
mon side effect of opiates is constipation. Therefore,
all patients treated with opiates were simultaneously
treated with laxatives (with the exception of 2 out
22 patients with constipation that were treated with
opiates but not with laxatives) [84]. For this reason,
it is implausible that the high prevalence of consti-
pation in end stage bvFTD and yoAD was caused
by opiates. On the other hand, it can be debated if
thin defecation was a side effect of the laxatives. Fur-
ther, benzodiazepines can have several side effects
including sedation, sleepiness, and constipation. It is
possible that the clinical features hypersomnia and
constipation are partly a side effect of the benzodi-
azepines. However, both constipation [85] and sleep
disorders including hypersomnia are reported fea-
tures of (advanced) dementia [86].

Our findings irrefutably reflect their relevance in
clinical practice. It is alarming that emerging studies
[87, 88] report a low prescription of analgesic med-
ication in dementia, even speculating that this might
reflect an under treatment of pain. In addition to these
facts, patients are frequently unable of expressing
pain adequately due to cognitive or language impair-
ment, where there is a possibility that there might
even be an increased pain experience. Together this
could result in a high underestimated disease burden
for patients with dementia. As an extension of this, it
is well acknowledged that gastrointestinal dysfunc-
tion negatively influences quality of life whereas it
is considered as an often treatable condition [89].
Thus, awareness for autonomic function disorders,
particularly a changed pain perception and gastroin-
testinal dysfunction, is highly important to take into
account when developing evidence based (palliative)
guidelines.

In the current study patients displayed contrac-
tures, which originated from immobility due to
hypertonia, as the patient files revealed the inability
of movement of the extremities due to the increased
muscle tone. In the same manner hypertonia was a
contributing factor for the development of pressure
ulcers, functional decline, and providing difficul-
ties in Activities of Daily Living care due to pain
which are likewise highlighted in literature [68, 90,
91]. Hence, the development of effective treatment
options is important, to avert secondary complica-
tions and decrease symptom burden of pain.

This study provides insight for both caregivers and
family members in the broad clinical spectrum of the
end stages of bvFTD and yoAD and accentuates the
need for further investigation to validate these results.
The dissimilarities of features in bvFTD and yoAD
emphasize further research to evaluate if a different
approach with regard to palliative guidelines is nec-
essary. Our findings underline the importance to take
both somatic, psychiatric, and neurological features
into account in the end stage and to initiate further
development of treatment strategies for professional
caregivers. Moreover, monitoring the evolvement of
these features in earlier stages might be beneficial.
Hence, in this manner there can be anticipated with
(non) pharmacological (preventive) treatment, thus
enhancing quality of life for the patient as well as
decreasing caregiver burden by optimizing treatment.
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