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Abstract

Introduction: Patients affected by neurodegeneration disorders (NDD) often experience difficult to
treat disruptive neuropsychiatric symptoms (NPS) i.e. verbal disruption, aggression, psychomotor
hyperactivity, sleep difficulties, hallucinations, delusions. The existing treatment algorithms include
antipsychotics, gabapentin, trazodone, prazosin, memantine, cholinesterase inhibitors.1,2 Some
NPS i.e. anxiety, agitation, aggression, disturbed sleep have been linked to overactivity of the brain
noradrenergic system (NAS). The current report suggests a treatment algorithm which includes a method
of noradrenergic modulation (NAM). Aims of the study: A. To evaluate a new treatment algorithm
for patients with NPS and late life dementia. B. To evaluate the method of NAM in treatment of NPS.
Participants and Methods: Nine elderly community dwelling patients (3 males and 6 females) with
probable Alzheimer s dementia and NPS. Age of the patients 71-104 years (86.9, SD 9.4), 4 patients with
moderate and 5 patients with severe dementia. Treatment algorithm includes 5 steps and two pathways.
Each step is evaluated on the clinical global impression of change (CGI-C) scale. The psychosis
pathway (4 patients) begins with an antipsychotic, the alternative pathway (5 patients), with low dose
gabapentin (GBP). The psychosis pathway, if ineffective, can switch to the alternative pathway with
the add-on of GBP. The alternative pathway proceeds with addition of NAM which includes alpha-1
receptor antagonists (prazosin, doxazosin) and alpha-2 receptor agonists (transdermal clonidine,
guanfacine). Results: Treatment was well tolerated. Substantial (7 patients) and moderate (2 patients)
improvement in disruptive behaviors such as agitation, aggression, sleep was reflected on the CGI-C
scale (score 1.2, SD 0.4), on the Cohen-Mansfeld Agitation Inventory (the score decreased from 52.6,
SD 27.0 to 18.6, SD 7.9) and on the de novo introduced VAPS scale (from 8.7, SD 0.4 to 2.7, SD 0.8).
The final step of the algorithm, method of NAM was the “game changer” in both psychosis and non-
psychosis alternative pathways. Conclusion: The case series provides preliminary evidence supporting
the suggested approach to treatment of NPS in patients with late life dementia.

Introduction

Patients affected by neurodegeneration
disorders (NDD) often experience difficult to
treat neuropsychiatric symptoms (NPS) i.e.
verbal disruption, aggression, psychomotor
hyperactivity, sleep difficulties, hallucinations,
delusions. Treatment of NPS is difficult
because neurodegeneration creates chaos and
limits targets for interventions. The existing
treatment algorithms include pharmaceuticals
of various classes, for instance gabapentin,
trazodone, prazosin, memantine, cholinesterase
inhibitors [1,2]. Rexulti (brexpiprazole)
is the first drug approved by the FDA for
the treatment of agitation in patients with
Alzheimer’s dementia (AD) [3]. Symptoms
of psychosis (hallucinations, delusions) are
often difficult to elicit and target as triggers
of behavioral symptoms. On the other hand,
antipsychotics are not always well tolerated,

often fail to control behavioral symptoms and
carry an FDA black box warning [4]. Hence,
the challenge is when to use an antipsychotic
and how to proceed if it fails to control
behavioral symptoms. The presented report
suggests a treatment algorithm in patients with
NPS and late life dementia.

Background

A brief review will focus on some aspects
of neurobiology, on neurotransmitter networks
and some evidence of modulating these
systems.

Glutamate (GLU) is the major excitatory
neurotransmitter, essential in cognitive
functions [5]. However, it is also guilty of
excitotoxicity, damage and death of neurons.
The excitotoxicity occurs with errors in its
metabolism, malfunctions of the glia [6] On
the other hand, gamma amino butyric acid
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(GABA) is the major inhibitory and protective neurotransmitter
[7] Malfunction of the GABAergic neurons negatively affects
cognition [8] and is associated with agitation in patients
with dementia [9,10]. Gabapentin (GBP) [11], one of the
pharmaceuticals in the existing algorithms [1], was used in
multiple case series in patients with various types of dementia
and with overall, positive outcomes. The review of this
evidence is beyond the scope of this manuscript. The author of
this manuscript reported positive results in patients affected by
dementia with Lewy bodies [12] (DLB) and treated with low
dose of GBP [13]. The authors of the study hypothesized that
the behavioral improvement is mediated by the change in GLU/
GABA balance achieved by decrease in GLU and increase in
GABA, a known effect of GBP [14,15].

The brain noradrenergic system (NAS) is a vast network of
noradrenergic neurons originating in the locus coeruleus (LC) is
connected to other types of neurons and glial cells via 9 subtypes
of adrenergic receptors: 3 subtypes of alpha -1 adrenoreceptors
(A1AR), 3 subtypes of alpha-2-adrenoreceptors (ATAR)
and 3 subtypes of beta adrenoreceptors ($1,2,3,) [16]. The
NAS modulates attention, learning, various types of memory,
promotes plasticity, mediates the adaptive response to stress and
adaptation in the long term [17,18]. The AIAR and the Beta
-2 receptors on glial cells regulate homeostasis and glutamate
metabolism protecting the neural cells from glutamate
excitotoxicity, amyloid deposition [19-21].

LC is among the earliest sites affected by formation of
neuro-fibrillatory tangles (NFT) in AD and synuclein in DLB
[21-23]. The LC neurons, in accordance with the adaptive role
and plasticity of the NAS, compensate for the damage with
hyperactivity of the surviving neurons and their sprouting
in the target areas i.e. prefrontal cortex (PFC) [23-25]. This
hyperactivity of the NAS persists through the following
progressive course of NDD [26]. At least some of the NPS,
agitation, aggression, anxiety, sleep disturbances can be linked
to the overactivity of the brain NAS [27-31].

The A1AR are present in the hypothalamus, hippocampus,
amygdala, cortex, cerebellum [32] and are important in
attention, learning, memory, neuronal plasticity [33-34].
However, overexcitation of the A1AR, for example in stressful
conditions, causes cognitive impairment [35-36]. Of note,
patients with dementia are always stressed by coping with
information and environment. Blockade of the A1AR is a part
of the complex pharmacodynamics of antipsychotics [37]. As
it would be expected with any receptor, blockade of the A1AR
causes its upregulation, increased density and increased affinity
to NA which correlates with aggressive behavior [38]. A
selective blockade of the A1AR, without interaction with other
receptors i.e. dopamine, serotonin receptors, is attractive and
can be achieved by using a class of selective.

AT1AR antagonists such as prazosin, doxazosin, terazosin [39-
40]. Prazosin is a capsule administered every 8-12 hours and
doxazosin is a tablet given once daily [40]. Both the form and
the half-life favor doxazosin in patients with dementia when
medications might need to be crushed and adherence is an
issue. Prazosin in an average dose of 6 mg was useful and well
tolerated in treatment of agitation and aggression in patients
with AD [41]. Prazosin is a part of existing algorithms [1,2],
doxazosin has been studied in some psychiatric and neurologic
disorders but other than dementia. Pharmaceuticals in the class
of AIAR antagonists (terazosin, doxazosin, alfuzosin) seem
to improve brain glycolysis and thus increase brain resistance

Neurol Neurosci. (2024) Vol 5 Issue 3

against alpha — synucleinopathies [42].

The pre- and postsynaptic alpha - 2 adrenoreceptors (ATAR)
also present a wide strategic network [43]. The presynaptic
ATAR, located on the 1st NA neurons, function as self-control
auto-receptors measuring the release of NA [44]. It is very
difficult to accept the overactivity of the NAS without loss of
auto - control by the pre-synaptic ATAR. The postsynaptic
ATAR are crucial in attention, memory, brain connectivity,
executive functions, complex adaptive responses [45-47].
Therefore, malfunction of the presynaptic ATAR leads to NAS
hyperactivity and malfunction of the postsynaptic ATAR, to loss
of adrenergic input and cognitive impairment. Stimulation of the
ATAR surviving neurodegeneration could help to correct these
malfunctions and impairments. This stimulation can be achieved
by the use of ATARa, alpha-2 adrenoreceptor agonists such as
clonidine, guanfacine, tizanidine [40]. Clonidine is preferably
used as the transdermal delivery system (TD CLO), it provides
better pharmacokinetics and assures adherence in a patient with
dementia [47]. Both clonidine and guanfacine are sedating [40].
Clonidine was useful in the treatment of agitation and cognitive
impairment in various disorders [48-52]. Guanfacine, approved
for use in attention deficit hyperactivity disorder, was studied in
AD however in relatively low daily doses, 0.5 mg [53] an 1.2
mg [54] and had no effect on cognition. It was however useful
in treatment of agitation in elderly patients [55] and in treatment
of hyperactive delirium [56].

Therefore, there is physiologic grounds and experience of
successful interventions directed at GLU, GABA, GLU/ GABA
balance, at the NAS. The latter is attempted, for instance, by
the introduced in this report plan of noradrenergic modulation
(NAM) which includes the blockade of the Al1AR and
stimulation of the ATAR.

Aims of the study

A. To evaluate an algorithm in the treatment of patients
with late life dementia and NPS. B. To evaluate several
pharmaceuticals (GBP, alpha -2 adrenoceptor agonists, alpha-1
adrenoreceptor antagonists) in the treatment of NPS.

Study design

Case series
Community dwelling elderly patients.

Participants and methods

Nine patients (3 males, 6 females, age 71-104; 86.9, SD 9.4
years) were enrolled in the study. By the time of this report, 3
patients passed away. All patients had co-morbid conditions;
systolic blood pressure was at least 110 mm without orthostatic
intolerance. Delirium and somatic triggers of disruptive
behaviors were ruled out.

All patients (Table 1) had late life dementia, 4 patients
moderate and 5 patients, severe based on the Clinical Dementia
Rating scale (CDR) [57] scores (1-3; 2.6, SD 0.5). Patients were
affected by probable Alzheimer’s dementia [58]. The Mini-
Mental state exam (MMSE) score [59] (1-7; 3.4, SD 2.2) was not
a criterion of dementia severity. Behavioral symptoms before
and after treatment were assessed using 2 scales, the Cohen-
Mansfeld Agitation inventory (CMAI) [60] and the Verbal
disruption, Aggression, Psychomotor hyperactivity and Sleep
disturbances (VAPS, acronym of symptoms) scale de novo
proposed by the author in the previous case series [13]. The
CMAI scores are derived from frequency of each symptom. The
VAPS scale scores 4 groups/categories of symptoms separately
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Table 1. Patients’ features, treatment regimens and results.

CO -MORBID
PATIENT | o ons | MEDS/DD CDR MMSE CMAI VAPS CGI-C
LY. S. OA 2424242
M, 90 DYS G]?P 620mmg 2 4 24-14 140+1+1 2
3 YEARS CKD 4 & 83
CHF
> YD CKD 4 GBP 600 mg 2+14243
MO8, A 0XC 300 mg 3 2 31-17 1+0+1+1 1
’ OA Pr 4mg 8-3
PrCa
37y HDR[\] GBP 250 mg 2424243
o TTS 1 3 1 72-22 1+0+1+1 1
F. 80 CKD 3 D 4m 03
OA g
GBP 600 mg
4M.P. HTN OXC 300 mg 5 ) L0819 ﬁéﬁﬁ |
F, 82 OA GF 4mg ) 0.3
D 4mg
5.N. M. HOTE GBP 600 mg 2424243
F, 86 TTS 1 3 7 29-7 1+0+0+1 1
BrCa D 4m 9.2
CHF £ )
TTS 1 2424243
6;23 : %TE Pr 3mg 2 2 70-22 1+0+0+1 1
’ Qu 150 mg 09-2
71D DM Qu 75mg 2+1+2+3
E o4 HTN Tr 75mg 3 2 38-14 0+0+0+1 1
’ OA D 4mg 8-1
R  2mg
R K. G Tr 200 mg 2+2+2+3
g A GBP 600mg 2 4 53-35 1+1+1+1 2
’ TTS 2 9-4
D 8mg
HTN
9.D. M CAD O Smg 2+2+2+3
M. 9 CHF GBP 300 mg 2 7 48-20 1+0+1+1 1
’ CKD D 4mg 9-3
OA
52.6
Average 86.9, 26.05 34, 27.0 — 8.7,04- 1.2
SD 9.4 o 22 18.6 0.4
79 27,08

Abbreviations. A = anemia, AD = Alzheimer’s dementia, Br = breast, Ca = cancer, CHF = congestive heart failure, CKD = chronic kidney
disease, DLB = dementia with Lewy bodies, D = doxazosin, DD = daily dose, DM = diabetes mellitus, Dys = disequilibrium, GBP= Gabapentin,
HTN = hypertension, O = olanzapine, OA = osteoarthritis, OXC = oxcarbazepine P=prazosin, Pr =prostate, Q = quetiapine, R = risperidone, Tr =

trazodone.

during the day and during the night. Such scoring better reflects
the severity of symptoms since with the disease progression,
the pattern of “sundowning “or “the differential nocturnal
exacerbation of disruptive behaviors and agitation” [61,62]
extends to the daytime. The disruptive score ranges from 0 with
no symptoms to 9, when all categories of symptoms are present
night- and daytime and sleep less than 2 hours (Table 2). The
VAPS scale is simple and easy to use in clinical practice. Both
CMALI and VAPS are behavioral rating scales (BRS) focused on

Neurol Neurosci. (2024) Vol 5 Issue 3

the “behavioral phenotype.” Results of the treatment were also
assessed on the clinical global impression of change scale, CGI-C
based on the evaluation of the clinician and input of caregivers
[63]. On this scale, a score of 1 means substantial improvement,
2 - moderate improvement, 3 - minimal improvement, 4 -no
change and scores 5-7 mean negative outcomes.

In the presented patients, the following treatment algorithm
was applied. (Figure 1)

Page 3 of 6



Gregory Goldenberg. Neurology & Neuroscience. 5(3):1-6.

AV

‘ Step 1. Diagnosing psychosis ‘

No psychotic symptoms

Step 2. Initial treatment ‘

‘ Psychotic symptoms ‘

<:‘I

‘ Treatment of psychosis. Tx ‘ ‘ ‘ Alternative non-psychosis ‘

pathway /:

Low dose GBP ‘

‘ Step 3. Response to step 2. ‘ ‘

SGI-C =3. Continue Tx

CGI-C=1-2
T

Algorithm completed

Step 4. Evaluate response
to Tx +GBP or response to GBP

4

SGI -C =1-2. Algorithm
completed.

2
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@

Tx + GBP + NAM or

Tx + NAM

GBP+NAM

CGI-C=1-2.

Figure 1. Treatment algorithm for NPS in late life dementia.

Step 1. Diagnosing psychosis

As mentioned, in patients with dementia, diagnosing
psychosis is often difficult. When it is possible, the algorithm
dichotomizes patients into psychosis pathway and alternative
non psychosis pathway. In patients 6-9 psychosis was present,
in patients 1-5 it was not diagnosed. For convenience, we will
separately review the psychosis and alternative non-psychosis
pathways.

The psychosis pathway

Step 2. In patients with psychosis (6-9), the initial step was
treatment of psychosis (marked as Tx) with an antipsychotic.

Step 3. Evaluation of the step 2 treatment (Tx) based on the
CGI-C scale. With no response (CGI-C >3), the antipsychotic
would be stopped and treatment switched to the alternative non
psychosis pathway (no patients). With full response (CGI-C
=1-2) the algorithm would be completed (no patients). With
minimal response to Tx (CGI-C = 3) occurring in all 4 patients,
the antipsychotic (Tx) was continued and the alternative non-
psychosis pathway was added on and started with addition of
GBP.

Step 4. Evaluation of the response to Tx + GBP by the CGI-C
scale. With satisfactory symptom control (CGI-C =1-2) the
algorithm would be completed (no patients). With no response
to addition of GBP (CGI-C >3) which occurred in patients 6-7,

Neurol Neurosci. (2024) Vol 5 Issue 3

Table 2. The VAPS behavior rating scale.

Symptoms / Points Daytime Nighttime
Vocal disruption 1 1
Aggression 1 1
(verbal, physical)
Physical Hyperactivity 1 1
(restlessness, pacing)
Sleep duration
<2 hours 3
2-4 hours 2
5-6 hours 1

GBP was discontinued. With minimal response (CGI-C =3)
occurring in patients 8-9, Tx + GBP regimen was continued and
proceeded via the alternative pathway steps.

Step 5. In patients 6-7 (on Tx, antipsychotic only) and in
patients 8-9 (on Tx + GBP), Noradrenergic modulation (NAM)
as next step was added on. The regimens became Tx + NAM and
Tx + GBP +NAM and led to satisfactory control of behavioral
symptoms (CGI -C = 1-2). Algorithm completed.

The alternative non — psychosis pathway.

Step 2. In patients 1-5, started with low daily dose of GBP
(600 mg or less) based on principles outlined in the previous
report [13].

Steps 3-4. Evaluate the results of step 2 treatment (GBP)
on the CGI-C scale. In all five patients, response to GBP was
minimal (CGI-C =1). With no response (CGI-C >3), GBP
would be discontinued. With full response (CGI-C =1-2), the
algorithm would be completed.

Step 5. Continue GBP in all patients (1-5) and add on NAM.
The regimen GBP + NAM led to satisfactory control of NPS
(CGI -C =1-2). Algorithm completed.

NAM entailed 2 classes of pharmaceuticals: an AIlAR
antagonist, either prazosin or doxazosin, and an ATAR agonist
(ATARa), either transdermal clonidine (TD CLO) or guanfacine.
NAM was used in all nine participants. In 4 patients (1,2,7,9)
only one agent was used, an alpha-1 receptor antagonist and in
the other five patients (3,4,5,6,8), both an A1AR antagonist and
an ATARa were used. Two patients (2,4) used Oxcarbazepine
and two patients (7,8) took trazodone, both agents were used
before entering the algorithm and control of symptoms was
achieved only at step 5, addition of NAM to the drug regimen in
both pathways. In seven patients (1-5, 8-9), NAM was combined
with GBP, in two patients GBP has been stopped due to absence
of effect. Details of the drug regimens are shown in Table 1.

Results

All pharmaceuticals, antipsychotics, GBP and NAM agents
were well tolerated. Duration of treatment has been 6 months
and longer, 3 patients passed away and 6 patients are still
undergoing treatment. The behaviors in the participants of this
series improved, the average CGI-C score was 1.2, SD 0.4,
improvement in 7 patients was rated as substantial (score of 1)
and in 2 patients as moderate (score of 2). Changes in the BRS
scores also reflect the improvement in symptoms. The CMAI
score decreased from 52.6, SD 27.0 to 18.6, SD 7.9, the VAPS
score decreased from 8.7, SD 0.4 to 2.7, SD 0.8, the CGI-C
score is 1.2, SD 0.4 Table 1). The VAPS scale allows quick
assessment in every of the 4 major areas: the V score decreased
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from 18 to 8, the A score from 16 to 1, the P score from 19 to
6 and the S score from 26 to 9. Most of the improvement was
seen in the aggression (A) and disturbed sleep (S), the areas
which cause most of the caregivers’ distress. (Table 1).

Discussion

C In this case series, a new algorithm was applied to treat
disruptive behavioral symptoms in patients with dementia in the
late life. The algorithm is based on several principles.

The first principle is the discreet use of antipsychotics which
are not without problems and are recommended to be used
short-term [64]. The algorithm in step 1 separates patients into
a psychosis and alternative, non -psychosis pathways. The
psychosis pathway begins with an antipsychotic, the alternative
pathway does not.

The second principle is the combinations of pharmaceuticals.
In accordance with this principle, antipsychotics can be
combined with the alternative non-psychosis pathway drugs
and the drugs in the alternative pathway can be combined
with each other. Combinations of drugs allow to target
several neurotransmitter systems with a potential synergism
of interventions. For instance, GBP tilts the balance between
glutamatergic and GABAergic systems, downgrades the
former and upgrade the latter. But A1AR blockade may have
a synergistic effect because overexcitation of the presynaptic
ATAR on glutamatergic neurons increases release of GLU [65]
and on gabaergic neurons, decreases release of gaba [66].

The third principle is the evaluation of every step
(pharmaceutical) before the next step based on the CGI-C scale.
An ineffective pharmaceutical is stopped and not used in the
next steps.

The fourth principle is the inclusion of NAM in the
algorithm. The NAM itself can be a combo when 2 classes
of pharmaceuticals are used. Both classes are likely to have
synergism because both the ATARa and A1AR downregulate
the NAS.

The suggested algorithm is applicable in non-urgent scenarios.
All pharmaceuticals used in this case series have been safely
used for a long time in clinical practice. There is experience
with use of clonidine, guanfacine and prazosin in patients with
dementia, doxazosin is introduced to the field of dementia de
novo.

The study is uncontrolled although patients serve as their
own historical control and treatment is ongoing for a prolonged
time with positive clinical outcomes. This case series provides
preliminary and, in author’s opinion, interesting evidence in the
difficult field of dementia and disruptive behavioral symptoms.

Conclusions

In the presented case series, a new treatment algorithm was
applied to treat NPS in patients with late life dementia. Patients
treated based on this algorithm have positive results and the six
alive patients continue to undergo treatment.

The algorithm is based on certain principles such as discreet
use of antipsychotics, combinations of pharmaceuticals targeting
multiple neurotransmitter systems with possible synergism,
inclusion of pharmaceuticals modulating the function of the
noradrenergic system, evaluation of every step with exclusion
or addition of pharmaceuticals. The case series provides
preliminary evidence supporting the suggested approach to
treatment of NPS in patients with late life dementia.
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