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Abstract

Cognitive impairment is a frequent non-motorsymptom of Parkinson’s dis-
ease (PD). In early disease stage, this takes the features of dysexecutive syn-
drome, and is mostly dependent on derangement of frontostriatal circuitries.
In advanced stages, worsening of dysexecutive symptoms is accompanied by
disorientation and memory deficit leading to dementia in 30% of cases, due to
multiple neurotransmitter derangement. Dysexecutive symptoms in the early
stages of PD may benefit from dopamine replacement therapy (DRT). Con-
versely, severe cognitive symptoms in more advanced stages are frequently
aggravated by DRT. In particular, pulsatile stimulation of dopaminergic re-
ceptors by orally administered levodopa (LD) plays a significant negative role
on cognitive and neuropsychiatric symptoms in advanced PD. The introduc-
tion of a gel of LD-carbidopa for continuous intestinal administration (LCIG)
allows marked stabilization of plasma LD concentrations and provides benefit
on motor fluctuations and dyskinesia of significantly greater magnitude than
conventional oral administration in advanced PD patients. The results from
several preliminary studies suggest that efficacy of LCGI on motor symptoms
may be accompanied by good tolerability and potential benefit on several
non-motor symptoms, including cognitive impairment. Future studies with
longer observation period and larger cohorts are advised to confirm these pre-
liminary observations.
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1. Background

The cardinal motor symptoms of Parkinson’s disease (PD) (bradykinesia, rigidi-
ty, rest tremor) depend upon progressive degeneration of the dopamine-
containing neurons in the substantia nigra pars compacta [1]. The discovery of
drugs replacing dopamine deficiency has a dramatic impact on quality of life and
survival of PD patients [2]. After more than 40 years of use, levodopa (LD) re-
mains the mainstream of pharmacological therapy for PD, particularly in the
advanced disease stage [3]. Long-lasting treatment with LD, however, is asso-
ciated with the occurrence of motor fluctuations and dyskinesia. Such side-
effects, defined as LD-long-term-syndrome (LTS), negatively affect quality of life
of patients and caregivers [3] [4]. The pathogenesis of these motor complications
is rather complex [5], depending on endogenous factors (age, disease duration,
duration of LD treatment, irregular absorption of oral LD formulations) as well
as pharmacokinetic and pharmacodynamic properties of LD. In particular, the
relatively short plasma half-life of LD and the pulsatile dopaminergic stimulation
play a significant role in the development of LTS [4] [5]. To overcome these lim-
its, a variety of therapeutic strategies have been introduced with the aim of en-
suring more continuous and stable stimulation of post-synaptic dopaminergic
receptors, including prolonged-release dopaminergic agonists, mono-amino-
oxidase-B inhibitors (MAO-i), and catechol-O-methyl-transferase inhibitors
(COMT-i) [6].

More recently, a formulation of LD-carbidopa intestinal gel (LCIG) has been
developed and applied to reduce fluctuations of plasma LD concentrations that
follow oral administration of the drug (review in [7]). For long-term treatment,
the gel is administered by means of a portable pump directly into the duodenum
or upper jejunum by a permanent tube placed via percutaneous endoscopic ga-
strostomy. Treatment with LCIG is associated with significant reductions of
motor fluctuations, “off” periods, and dyskinesia in advanced PD patients [8].
These positive effects on motor complications produce significant benefit on ac-
tivities of daily living and quality of life of both PD patients and their caregivers
[9].

2. Cognitive Impairment in PD

Besides of motor disturbances, PD patients frequently suffer from several non-
motor symptoms (NMS) including sleep disturbances [10], autonomic (gastro-
intestinal, cardiovascular, urogenital) [11], sensory [12], psychiatric (anxiety,
depression, impulse control disorder and psychosis) [13], and cognitive [14]
dysfunctions. Taken together, these NMS are associated with severe disability,
shortened life expectancy, reduced quality of life of patients and caregivers, and
increased health-care costs [15].

Cognitive dysfunction is relatively frequent in PD patients. In the early stages,
cognitive impairment takes the features of the frontal subcortical syndrome,

with impairment of attentional-executive, visual-spatial and working memory
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functions [16]. In more advanced stages, worsening of dysexecutive symptoms,
disorientation and memory deficit drive to full-blown dementia in approx-
imately 30% of cases [14]. Incidence of dementia in PD patients ranges 4 - 6
times higher in comparison to otherwise healthy subjects [17]. Moreover, the
majority of PD patients surviving more than 10 years develop symptoms of cog-
nitive impairment with negative impact on daily activities [17].

Epidemiological studies contributed at identifying a number of risk factors for
dementia in PD. Demographic features such as the subject’s age, age at onset of
motor symptoms, and disease duration are significant predictors of cognitive
impairment in PD [18] [19] [20]. Several NMS, including neuropsychiatric (de-
pression, hallucinations) and sleep disorders (REM sleep behavior disorder,
RBD) [21] and cardiovascular autonomic failure [22] are positively associated
with the development of dementia in PD. As to the motor features, cognitive
deficit is significantly more frequent and severe in akinetic-rigid in comparison
to tremor-predominant cases of PD [23]. Moreover, axial symptoms, in particu-
lar gait disturbances and postural instability, are positively associated with the
occurrence and severity of cognitive deficits [23]. Some studies dealt with the
relationship between body side of onset of motor symptoms and cognitive im-
pairment in PD, with rather contradictory results. Thus, motor lateralization
does not influence cognitive features in early, unmedicated, stages of PD [16]
[24]. Conversely, in more advanced stages, verbal dysfunctions are more fre-
quent in subjects with right-limb onset and visual-spatial dysfunctions in those
with left-limb onset of motor symptoms [25]. These latter results, which are in
line with lateralization of some cognitive functions to the cerebral hemispheres,
may also depend upon interaction between disease progression and chronic ex-
posure to dopaminergic drugs, as discussed below.

The relationships between dopamine depletion and cognitive symptoms in PD
are also the matter of controversy. Siepel et al [26] reported that reduction of
striatal tracer binding at DAT-Scan imaging was associated with executive but
not visual-spatial or memory dysfunctions in early PD patients. Pathophysiolog-
ical, neuropathologic and neuroimaging studies confirmed the presence of cog-
nitive alterations in PD patients devoid of cortical pathology [27]-[33]. These
findings, therefore, suggest that the basal ganglia dysfunction driven by nigro-
striatal dopamine depletion may produce cognitive symptoms per se.

However, in older or more severely affected subjects other neurotransmitter/
receptor dysfunctions and pronounced cortical pathology may contribute to the
cognitive deficit. Indeed, accumulation of alpha-synuclein positive Lewy bodies
extends with disease progression from brainstem nuclei, including the substantia
nigra pars compacta, to limbic and neocortical regions [34], and alterations of
catecholamine (dopamine and norepinephrine), acetylcholine and glutamate
neurotransmission have been identified in PD [35]. With this respect, Kehagia et
al. [36] recently underlined the neuropsychological and clinical heterogeneity of
cognitive impairment and dementia in PD, and suggested that frontostriatal dy-

sexecutive syndrome is primarily dependent on derangement of dopaminergic
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pathways, whereas non-dopaminergic (mostly cholinergic) pathology in extra-

striatal regions causes memory and visual-spatial dysfunctions.

3. The Influence of Dopaminergic Drugs on Cognitive
Impairment in PD

The identification of pathogenic mechanisms of cognitive dysfunction in PD is
crucial for therapeutic management as well. Some studies showed the improve-
ment of cognitive functions following dopamine replacement therapy (DRT)
[37]-[44] particularly during early disease stages, whereas others suggested that
DRT exerts deleterious effects [45]-[50]. Thus, DRT would be detrimental on
subsets of cognitive functions mediating learning activities based on the integra-
tion of environment feedback with ongoing behavior. This dichotomy is some-
how consistent with previous observations that DRT improves cognitive func-
tions mediated by the dorsal striatum, such as selective attention, category judg-
ment, time estimation, visual-spatial processing, implicit and explicit retrieval,
set shifting and task switching [37] [39] [40] [51] but impairs functions me-
diated by the ventral striatum such as implicit and explicit learning, impulsivity,
reversal learning and orienting to stimuli [52] [53] [54]. These neuropsycholog-
ical findings parallel the different pathological involvement of the dorsal and
ventral striatum in PD. In fact, dopamine deficiency is significantly more pro-
nounced in the dorsal striatum innervated by the substantia nigra pars compacta
as compared to the ventral striatum innervated by the ventral tegmental area
[55] [56] [57]. In accordance with these observations, MacDonald and Monchi
[58] suggested that DRT improves cognitive functions mediated by the dopa-
mine-depleted dorsal striatum but impairs other functions by over-stimulating
the ventral striatum. Interestingly, these differences persist along disease course
[56] [57], and may contribute at justifying the higher severity of neuropsychia-
tric and cognitive side effects of dopamine agonists in comparison to LD in older
or more severely affected patients [59].

A further reason of interaction between DRT and cognitive functions in PD
stems upon the observation that the number and functionality of dopaminergic
terminals in the brain progressively reduces along disease course. This progres-
sion of damage limits the ability of surviving neurons to buffer extracellular do-
pamine (or levodopa) molecules and maintain synaptic dopaminergic activity
within the normal range. In advanced PD stages, severe fluctuations of extracel-
lular concentrations of dopamine may occur in relation to fluctuations of plasma
levodopa concentrations that accompany oral administration. In turn, this may
cause oscillations of dopaminergic synaptic activity with over-stimulation of
post-synaptic receptors during the drug peak-dose phase and insufficient stimu-
lation along the wearing-off phase.

As mentioned earlier, extensive research supports the hypothesis that pulsatile
stimulation of post-synaptic dopaminergic striatal receptors by oral LD contri-
butes at determining motor fluctuations and dyskinesia in the advanced stages of

PD. Interestingly, fluctuations of NMS, including cognitive features, are relatively
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frequent in these patients [3] as if NMS symptoms during wearing-off may be
related to drug-induced pulsatile stimulation of dopaminergic activity. Conse-
quently, therapeutic management of the advanced stages of PD aims at optimiz-
ing the balance between positive and negative consequences of DRT on motor
and non-motor functions.

On this basis, there is substantial background for considering continuous do-
paminergic stimulation as a major goal for treatment of PD patients with motor
and non-motor fluctuations [60]. In the majority of cases, adding/increasing
third-generation dopamine agonists, MAO-i or COMT-i [61] are effective in
reducing symptoms of LTS. In more advanced patients, however, alternative
therapies such as deep brain stimulation (DBS) or continuous drug infusion are
advised [61].

4. Continuous Dopaminergic Stimulation in the Advanced
Stages of PD: Effects on Cognitive Function

Despite of their strong efficacy on motor complications, subcutaneous infusion
of apomorphine and DBS of the subthalamic nucleus are frequently associated
with the development or worsening of neuropsychiatric and cognitive symptoms
[62] [63]. These non-motor complications may, indeed, pose contraindications
to the above therapies.

Conversely, LCIG is less frequently associated with development or worsening
of neuropsychiatric and cognitive complications. Indeed, recent studies reported
improvement of NMS [64], including sleep disorders, fatigue, dysautonomic and
cognitive symptoms following LCIG treatment in advanced PD patients.

Reports on the safety, tolerability and potential benefit of LCGI on cognitive
functions in advanced PD patients are relatively recent. A retrospective study on
91 advanced PD patients co-suffering from hallucinations (65%) and dementia
(50%) treated with LCIG in France [65] showed significant benefit on motor
complications, quality of life and autonomy in 90% of cases without worsening
of neuropsychiatric/cognitive symptoms. Similarly, another retrospective study
[66] showed the safety and tolerability of 24-h infusion of LCIG on 21 advanced
PD patients with severe night-time disability, the drop-out rate from treatment
due to worsening of cognitive/neuropsychiatric symptoms being <5%. Sanchez
Castaneda et al [67] described the marked improvement of cognitive functions
after switching oral therapy to LCIG infusion in two patients with PD with cog-
nitive impairment, and Honig and coworkers [68] demonstrated the significant
beneficial effect of LCIG on NMS, in particular attention and memory, in an ob-
servational study on 22 advanced PD patients monitored for 6 months. Finally,
Zibetti and collaborators [69] performed a prospective study on 25 patients
treated with LCIG for 3 years. Along the observation period, 41% of subjects de-
veloped cognitive impairment. Worsening of motor symptoms, in particular
axial involvement both in “off” and “on” condition was the most significant pre-
dictor of dementia. However, there was no need for interrupting or reducing

LCIG infusion in any of the enrolled subjects.
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5. Conclusions and Future Perspectives

Management of neuropsychiatric and cognitive deficits is an unmet need of the
advanced stages of PD [70], with severe impact on daily functioning. The nega-
tive effects of DRT on neuropsychiatric and cognitive symptoms in advanced PD
stages frequently prevent an optimal therapeutic management. Pulsatile stimula-
tion of dopaminergic transmission by oral drugs (in particular LD) is a major
determinant of motor and/or non-motor complications in the advanced stages
of PD [5].

Consequently, research has focused on the development of therapeutic strate-
gies aimed at ensuring continuous stimulation of dopaminergic transmission. In
the case of LD, this can be accomplished by infusing the drug directly into the
gut through an external pump device. Indeed, switching to LCIG has been fol-
lowed by marked reduction of the duration and severity of motor complications
(both motor fluctuations and dyskinesia) in a large cohort of advanced PD pa-
tients [71]. From baseline to 12 weeks, there was a significant decrease in “off”
time and significant increase in “on” time without troublesome dyskinesia in
LCIG group when compared to immediate-release oral levodopa-carbidopa ad-
ministration. These recent findings provided the first evidence that benefits of
continuous LCIG delivery were of greater magnitude than those obtained with
conventional medical therapies.

Studies on smaller cohorts showed good tolerability and safety of LCIG in PD
patients with cognitive impairment, and provided initial evidence for beneficial
effects of this procedure on cognitive and neuropsychiatric functions in ad-
vanced PD cases [65] [66] [67] [68] [69]. These observations support the conclu-
sion by Merola and collaborators [72] that LCIG is the most preferable advanced
therapy in PD patients with mild cognitive-behavioral impairment or more ad-
vanced age. Further studies with longer observational period and larger cohorts
are advised to clarify whether the efficacy of LCIG on motor complications is
accompanied by similar effects on NMS including cognitive and neuropsychia-

tric symptoms of the advanced stages of PD.
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