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Abstract

Infusion of levodopa-carbidopa intestinal gel (LCIG; also designated carbidopa-levodopa enteral suspension) for 16 hours
is a standard treatment for patients with advanced Parkinson’s disease, and clinical observations suggest that 24-hour LCIG
infusion may further reduce symptoms. This review provides practical advice on the management of patients transitioning
to 24-hour LCIG infusion. We review available clinical data for 24-hour infusion and discuss adjustments to dosing, rec-
ommendations for monitoring, and management of patient concerns, based on our clinical experience. Data from multiple
studies suggest that LCIG may improve non-motor symptoms. Although few studies have examined 24-hour LCIG infusion,
available data indicate that certain patients may benefit from around-the-clock treatment. Studies of 24-hour LCIG infusion
are limited by small sample sizes and open-label study designs, which may hamper translation to clinical practice. In our
experience, we have found that patients may benefit from 24-hour infusion when reductions in nocturnal symptoms and
improvements to quality of sleep are needed. Levodopa-unresponsive freezing of gait or poorly controlled troublesome dys-
kinesias may also indicate a patient may benefit from 24-hour infusion. Dose adjustments, especially of the nocturnal rate,
are typically necessary and, as with 16-hour infusion, patients should be monitored for autonomic dysfunction; overnight
wearing off symptoms; weight changes; fluctuations in plasma levels of vitamins B¢/B,, folate, and homocysteine; changes
in sleep patterns; or worsening of hallucinations, delusions, and/or nightmares. Available data and our clinical experience
suggest that 24-hour LCIG may be warranted among selected patients who have poorly controlled nocturnal fluctuations or
early morning “off” symptoms.
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1 Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
movement disorder characterized by motor and non-motor
symptoms (NMS). The gold standard for treatment of PD
motor symptoms is oral levodopa [1, 2]. With PD progres-
sion, the therapeutic window needed to achieve optimal
motor control narrows, giving the appearance of waning
levodopa efficacy [1]. Oral dosing may lead to fluctuating
plasma levodopa concentrations, caused by the drug’s short
half-life and erratic intestinal absorption [2]. Intermittent/
pulsatile dopamine receptor stimulation ultimately leads to
worsening motor and NMS, which represent severe impair-
ments to quality of life in patients with advanced PD [2,
3]. In particular, NMS represent a considerable source of
functional disability in PD, and some patients report NMS
to be even more bothersome than motor fluctuations [4, 5].
The effects of fluctuating plasma levodopa concentrations
can be mitigated using continuous dopaminergic stimula-
tion to maintain plasma levodopa concentrations within a
therapeutic window [2, 3].

2 Levodopa-Carbidopa Intestinal Gel
2.1 Overview

Levodopa-carbidopa intestinal gel (LCIG; designated in
the USA as carbidopa-levodopa enteral suspension) is an
approved treatment for advanced PD that continuously deliv-
ers levodopa through infusion into the proximal jejunum
via a percutaneous endoscopic gastrostomy tube with a
jejunal extension (PEG-J) connected to a portable infusion
pump. Efficacy of up to 16-hours continuous administra-
tion of LCIG in reducing motor fluctuations has been estab-
lished in multiple prospective studies [6—18], and reviewed
extensively [2, 19-21]. Although the pathogenesis of NMS
remains partially unclear, 16-hour (16-h) continuous admin-
istration of LCIG has been associated with improvements in
NMS, sleep quality, and quality-of-life measures (Table 1)
[6,7,11,13, 17,22, 23].

2.2 Effects of LCIG on Non-Motor Symptoms

Reductions in plasma levodopa fluctuations have been shown
to decrease NMS. Data from the GLORIA registry demon-
strated improvements in patient quality of life and reduc-
tions in NMS, including sleep and fatigue [6, 7]. In addition,
baseline NMS burden was associated with improvements
in NMS and quality of life [22]. Similarly, in the GREEN-
FIELD observational cohort, significant improvements were
observed in quality of life, NMS, and sleep [13]. Standaert
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et al. [17] observed reductions in mean hours of “off” time
and increases in “on” time without troublesome dyskinesia
through 60 weeks of LCIG treatment, along with improve-
ments in NMS and quality-of-life measures. A Hungarian
LCIG registry demonstrated that 12-month LCIG treatment
reduced dyskinesia severity and disability and improved
NMS, quality of life, and sleep [11]. Polysomnographic
data of LCIG-treated patients indicated reductions in the
number of night-time awakenings, but not changes in total
sleep time, sleep efficiency/latency, rapid eye movement, or
wake time after sleep onset [23]. The improvements to sleep
observed in these studies of 16-h infusion of LCIG indicate
that reductions in daytime “off”” periods may be beneficial to
night-time symptoms. Collectively, these data suggest that
16-h infusion of LCIG may alleviate NMS burden and sleep
problems experienced by patients with advanced PD.

2.3 Efficacy of 24-Hour LCIG Use

Further reductions in motor and NMS have been observed
in some patients treated with LCIG around the clock. We
have found that symptoms related to wearing off of levodopa
overnight (e.g., insomnia, stiffness, tremor, and dystonia) are
the main issues leading to a patient’s transition to 24-hour
(24-h) LCIG. Although the mechanism of action is not well
understood, the observed additional benefits of 24-h LCIG
use are thought to be the result of pharmacodynamic pro-
cesses that rely on steady and continuous delivery of levo-
dopa to the brain [24]. Efficacy of 24-h LCIG infusion has
been reported in several case series and small clinical stud-
ies and are discussed below (Table 2). We identified these
reports through PubMed searches, using the search terms
“24 hour”, “levodopa carbidopa intestinal gel”, “Duodopa”,
and “Duopa”. Bibliographies of reports identified in Pub-
Med searches were also examined for other relevant refer-
ences. All reports identified in this manner are discussed
herein.

In a retrospective case series of five male patients who
received 24-h LCIG infusion for <37 months (range 13-37
months) for the treatment of motor fluctuations and noctur-
nal akinesia, Nyholm et al. [25] observed improvements in
motor function and sleep, without development of clinically
relevant levodopa tolerance or increases in hallucinations
or dyskinesia. In another case series of three patients who
received 24-h LCIG infusion, all reported good effects on
severe nocturnal dystonic pain, two experienced reduced
motor symptoms, and one experienced increased motor
symptoms after 1 month [26].

Improved sleep quality was observed in a retrospective
study of 21 patients treated with 24-h LCIG [27]. Over the
mean 32-month treatment time with 24-h LCIG, night-time
doses averaged 76 + 18% of daytime infusion rates, and
dosages increased by 15 + 24% in 14 of 21 patients [27].
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Table 1 Summary of studies evaluating 16-hour (16-h) levodopa-carbidopa intestinal gel (LCIG) for non-motor symptoms

Results

LS mean (SE) change from baseline to week 60:

~11.8 (4.0), p = 0.004

LS mean (SE) change from baseline to week 60:

~10.2 (2.6), p < 0.001

Mean (SD) change from baseline to last study visit:

—14.4 (44.8) [95% CI —20.3, —8.5], p < 0.001

Mean (SD) change from baseline to last study visit:

—4.5(10.6) [95% CI -5.9, —=3.1], p < 0.001

Mean (SD) change from baseline to last study visit:

—5.3(20.7) [95% CI 8.2, =2.5], p < 0.001

Baseline, 15 patients; follow-up, 7 patients,
p=0.021

Mean (SD) score:

Reference N  Follow-up time = Measure

Standaert et al. 2017 [17] 28 60 weeks NMSS total score
PDQ-39

Antonini et al. 2017 375 24 months NMSS total score

(GLORIA registry) [6]
NMSS sleep/fatigue
PDQ-8

Juhasz et al. 2017 [11] 34 12 months Number of patients with PDSS-

2 total score >11

PDSS-2 total score
PDQ-39

Zibetti et al. 2017 [23] 11 3.8 + 1.2 months Polysomnograph recording

PDSS-2 total score

Disturbed sleep

Motor symptoms at night

PD symptoms at night

Lopiano et al. 2019 PDSS-2

(GREENFIELD cohort) [13]

145 Mean 3 years

PDQ-39

baseline, 27.2 (10.5); follow-up, 23.2 (12.0),
p =0.042

Mean (SD) score:
baseline, 38.5 (14.9); follow-up, 29.6 (13.6),
p =0.003

Mean (SD) awakenings in sleep:
baseline, 10.5 (12.2); follow-up, 4.9 (2.5),
p =0.026

Mean (SD) score:
baseline, 31.0 (6.3); follow-up, 18.0 (8.9),
p =0.046

Mean (SD) score:
baseline, 12.9 (3.9); follow-up, 7.2 (2.6),
p=0.041

Mean (SD) score:
baseline, 10.4 (3.7); follow-up, 5.5 (4.2),
p =0.043

Mean (SD) score:
baseline, 8.0 (3.7); follow-up, 5.3 (4.1),
p=0.027

Mean (SD) score:

baseline, 25 (10.4); follow-up, 22.5 (9.9),
p<0.01

Mean (SD) score:

baseline, 72.3 (23.8); follow-up, 67.3 (26.4),
p <0.05

All studies reviewed in Table 1 examined 16-h LCIG use

CI confidence interval, LS least squares, NMSS Non-Motor Symptom Scale, PD Parkinson’s disease, PDQ Parkinson’s Disease Questionnaire,
PDSS-2 Parkinson’s Disease Sleep Scale, SD standard deviation, SE standard error

Chang et al. [28] conducted a prospective open-label
study of 24-h LCIG infusion as a treatment for unresponsive
freezing of gait (u-FOG) and falls prevention. Four patients
receiving 16-h LCIG infusion and one patient with disabling
u-FOG who was receiving oral levodopa were transitioned to
24-h LCIG, with night-time infusion rates that were 50-80%
of the typical daytime rate [28]. Reductions in 360° turn-
ing time and median falls frequency, along with improve-
ments on the FOG questionnaire, were observed at 3 and

6 months, although no changes in timed up-and-go 8-minute
walk times were observed [28].

Ricciardi et al. [29] evaluated eight patients who, at
last follow-up, had received 24-h treatment for 26 + 31.6
months (range, 4-72 months). In seven of eight patients,
the infusion rate was reduced at night-time by a mean of
27%, with no signs that patients were developing a tolerance
to treatment [29]. Significant improvements from baseline
were observed for NMS, specifically in sleep/fatigue, mood/
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Table 2 Summary of studies evaluating 24-hour (24-h) levodopa-carbidopa intestinal gel (LCIG) infusion

Reference N  Follow-up time Measure Results

Nyholm et al. 2005 [25] 5 Up to 37 months Clinical observation Improvements in motor function and
sleep

Karlsborg et al. 2010 [26] 3 1 month UPDRS III Two patients experienced reductions in
score (35% and 48%), while 1 patient
experienced a 50% increase

Busk and Nyholm 2012 [27] 21 32 + 28 months PDSS-2 Median (range) before 24-h treatment, 3

Chang et al. 2015 [28] 5 6 months

360° turning time
FOG questionnaire

Falls frequency

Ricciardi et al. 2016 [29] 8 26 + 31.6 months

NMSS mood/cognition
NMSS hallucination

NMSS urinary symptoms

PDSS

Cruse et al. 2018 [24]

Timed up-and-go 8-minute walk

NMSS sleep/fatigue

12 Median 27.5 months UPDRS 1V item 32 (time spent with

(2-4); during 24-h treatment, 1 (0-4),
p < 0.001

Median (SD) at baseline, 7.78 (30.4) s; at
follow-up, 8.03 (4.9) s

Median (SD) at baseline, 15.47 (7.06) s;
at follow-up, 8.27 (14.72) s

Median (SD) at baseline, 18.0 (4.6); at
follow-up, 15.5 (5.2)

Median score at baseline, 4 (daily); at
follow-up, O (none)

Mean (SD) at baseline, 19.3 (11.2); at
follow-up, 9.5 (6.6), p = 0.02

Mean (SD) at baseline, 28.8 (24.7); at
follow-up, 8.7 (8.6), p = 0.04

Mean (SD) at baseline, 8.8 (9.4); at
follow-up, 4.2 (5.5), p = 0.04

Mean (SD) at baseline, 15 (7.6); at
follow-up, 4.6 (4.3), p = 0.04

Mean (SD) at baseline, 39 (11.7); at
follow-up, 31.1 (14.3), p = 0.02

Mean (SD) change, —1.5 (0.75), p = 0.01

dyskinesia)
UPDRS IV item 33 (functional impact Mean (SD) change, —1.7 (0.90), p =
of dyskinesia) 0.016

Morales-Bricefio et al. 2019 [30] 35 11 # 2 months

UPDRS IV item 36 (complexity of
motor fluctuations subscore)

Nyholm et al. 2020 [31] 7 N/A

UPDRS 1V (total)

LCIG pump data

16-h LCIG mean (SD), 9.3 (4.0)

24-h LCIG mean (SD), 7.0 (3.0)

p =0.001

16-h LCIG mean (SD), 2.2 (0.6)

24-h LCIG mean (SD), 1.5 (0.5)

p =0.002

Median extra dose, 24-h LCIG, 32 mg
(range: 0-82 mg)

Median extra dose, 16-h LCIG, 20 mg
(range: 640 mg)

16-h 16 hour, FOG freezing of gait, N/A not available, NMSS Non-Motor Symptom Scale, PDSS-2 Parkinson’s Disease Sleep Scale, SD standard

deviation, UPDRS Unified Parkinson’s Disease Rating Scale

cognition, hallucination, urinary problems, and sleep quality
[29]. These overall improvements in sleep quality, daytime
sleepiness, and fatigue are consistent with improvements in
nocturnal akinesia [29].

Cruse et al. [24] evaluated use of 24-h LCIG for dyski-
nesia in a retrospective analysis of 12 patients with median
follow-up time of 27.5 months. Patients were transitioned
to 24-h LCIG because of troublesome dyskinesia alone and
lack of response to 16-h LCIG (n = 4), troublesome dyski-
nesia and levodopa u-FOG (n = 2), levodopa u-FOG with
non-troublesome dyskinesia (n = 3), troublesome dyskinesia
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and nocturnal akinesia (n = 2), and patient-initiated 24-h use
(n = 1) [24]. After transition to 24-h LCIG, nine patients
reported reduced dyskinesia and two reported improved
FOG [24]. Reductions in time spent with dyskinesia and
functional impact of dyskinesia were observed, without
change to the Unified Parkinson Disease Rating Scale III
“on” scores; worsening of dyskinesia following transition to
24-h LCIG was not observed in any patients [24].

Most recently, Morales-Bricefio et al. [30] reported long-
term safety and efficacy of 35 patients treated with 24-h
LCIG. Patients were either switched from 16-h LCIG (n =
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28) or started directly on 24-h LCIG from oral dopaminer-
gic and/or apomorphine treatment (n = 7) [30]. The safety
profile was not significantly different between 24-h and 16-h
LCIG infusion, except for a significantly lower incidence of
neuropathy with 24-h infusion (p = 0.02) [30]. Significant
reductions in total Unified Parkinson Disease Rating Scale
Part IV (p = 0.001) and the complexity of motor fluctuations
subscore (p = 0.002) were observed after 11 + 2 months of
treatment with 24-h vs 16-h LCIG [30].

Nyholm et al. [31] analyzed pump data obtained from 25
LCIG-treated patients (n = 7, 24-h LCIG) to determine real-
world patterns of extra dose usage among daytime and 24-h
LCIG users. The median daily levodopa dose among the
24-h LCIG-treated patients was 1928 mg (range 940-2180
mg) [31]. None of the patients receiving 24-h LCIG used a
morning dose [31]. Compared with the 16-h LCIG group,
the 24-h patients used more (mean number of extra doses
per day, 24 hours, 3.6 + 3.5; 16 hours, 2.8 + 2.2) and higher
extra doses [median (range) extra dose, 24 hours, 32 mg
(0-82 mg); 16 hours, 20 mg (640 mg)] [31]. The authors
note that a high number of extra doses may be indicative of
a too-low continuous dose, or that the patient overuses the
extra dose button [31].

3 Practical Experience with 24-h LCIG
Infusion

Currently available data offer evidence that 24-h infusion
of LCIG may provide additional reductions in symptoms
beyond those apparent with daytime LCIG infusion. How-
ever, these studies are limited by small sample sizes, open-
label study designs, and a lack of control groups. Larger
studies with appropriate control groups are needed to con-
firm these findings. At present, 24-h LCIG infusion is off-
label in the USA and only indicated when medically neces-
sary in the European Union. Regardless, 24-h LCIG infusion
is used in clinical practice, and given the limits of current
evidence, practical advice on patient management may be of
value. Detailed guidance on administration and management
of 16-h LCIG infusion has recently been published [32], but,
to our knowledge, no similar guide exists for 24-h LCIG
infusion. Here, we present our suggestions for transitioning
to and treating patients with 24-h LCIG infusion.

We specialize in treating patients with movement disor-
ders using both 16- and 24-h LCIG infusion. At our clinical
practices, the number of patients who have been switched
to 24-h LCIG administration varies, with the total percent
of patients treated with 24-h LCIG ranging from 5 to 40%
(range 5-100 patients: total of 200 patients between prac-
tices). In addition, some of our patients have been treated
with deep brain stimulation (DBS) in conjunction with
24-h LCIG (range 1-18 patients between practices). Both

levodopa and DBS improve motor symptoms independently,
and results from a recent meta-analysis indicate that they
may have a synergistic effect [33]. However, in some patients
treated with DBS, it is impossible to harness the full poten-
tial of brain stimulation because of trade-offs between clini-
cal benefit and stimulation-induced side effects. Further-
more, most patients who receive DBS still require levodopa
in some form to manage symptoms. In particular, symptoms
such as freezing, balance, mood, and fatigue are difficult to
treat with DBS, but are often addressed with LCIG. Regard-
less of whether a patient receives DBS as PD progresses, the
therapeutic window continues to narrow and patients will
experience motor fluctuations. Therefore, some patients may
still be candidates for 24-h LCIG infusion, whether or not
they also receive DBS. We pooled our experiences with 24-h
administration of LCIG, with the goal of providing practical
advice on the use of LCIG for 24-h continuous dosing in
patients with advanced PD (Table 3).

4 Clinical Perspective

4.1 Patients Who May Benefit From 24-h LCIG Use

The primary goal of 24-h LCIG treatment is to reduce
nocturnal fluctuations in motor symptoms and NMS and
improve quality of sleep. Patients may benefit from 24-h
LCIG administration if they experience noteworthy wearing
off of symptoms overnight, delayed morning latency (i.e.,
delayed time to “on” following the first morning levodopa
dose) [34], insomnia, stiffness, tremor, or dystonia due to
wearing off of symptoms overnight, severe night-time aki-
nesia or bradykinesia, severe night-time pain, and/or severe
night-time urinary problems. Because of the limited evi-
dence regarding 24-h LCIG infusion, the initiation of 24-h
treatment should be decided individually, after weighing the
potential benefits and drawbacks. Each patient is unique, and
decisions regarding initiation of 24-h infusion should gener-
ally be based on whether other options for night-time symp-
tom control have failed or are inappropriate. For instance,
alternatives of dopamine agonists (e.g., rotigotine transder-
mal patch) may exacerbate problems such as neurogenic
orthostatic hypotension or hallucinations. As another exam-
ple, some of our patients have reported experiencing severe
“off” time during the night despite taking oral carbidopa/
levodopa extended release at bedtime and carbidopa/levo-
dopa immediate release every 2 hours during the night. As a
result, these patients are unable to sleep for more than a few
hours at a time because of muscle cramps and other “off”
symptoms. Many patients with advanced PD also experi-
ence rigidity and gait imbalance at night, and we have found
continuous infusion to reduce these symptoms. Additionally,
some patients treated with 16-h LCIG turn on the pump at
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Table 3 Summary of key points and practical advice

Key point

Clinical tips

Patients who may benefit from 24-h LCIG treatment

Dose adjustments, particularly to the morning dose, are typically
needed when patients switch to 24-h LCIG administration

Patients receiving 24-h LCIG administration should be monitored
routinely for side effects or effects on sleep

Patients should be reminded to regularly flush the tubing

Severe nocturnal motor and non-motor symptoms despite use of other
oral medications

Disabling dyskinesia related to flushing the tube before stopping the
LCIG pump

Severe or disabling early morning “off” symptoms

Significant caregiver burden at night-time

Infusion rates may initially be lowered by 80% of the 16-hour dose;
titrating as needed to reach the optimal rate for symptom control

The morning dose should be reduced or eliminated, depending on
wake-up time or morning symptoms

Patients should be encouraged to use extra doses during periods of
predictable “off” time

Blood pressure may be checked every morning, especially if there is
concern for neurogenic orthostatic hypotension

Similar to 16-hour infusion, potential concerns include:

o Weight loss

e Development of polyneuropathies

o Effects on sexual activity

e Development or worsening of pre-existing impulse control disorders

e Excessive night-time eating

e Exacerbation of hallucinations, delusions, or nightmares

Routinely monitor patients for changes to plasma levels of vitamins B¢
and B,, folate, and homocysteine

Monitor patients for symptoms of LCIG wearing off overnight and
changes to sleep patterns

A lower infusion dose may be used if dyskinesia that interferes with
sleep quality occurs

If visual hallucinations are exacerbated, quetiapine, clozapine, or pima-
vanserin (not available in the European Union) may be initiated

Flushing recommendations include:

e Every morning, prior to the morning dose

e Whenever the cassette is changed

o If the infusion is stopped for 1 hour each day, can recommend flush-
ing immediately after disconnecting

o Recommend flushing twice per day with carbonated water, rather
than water/saline

Recommend that the tubing be changed every 1-2 years

24-h 24 hour, LCIG levodopa-carbidopa intestinal gel

bedtime to alleviate night-time symptoms that prevent them
from falling or staying asleep.

Another situation we have encountered is that, when
flushing the tube before bedtime, some patients may experi-
ence dyskinesia because of an excessive intake of levodopa
contained in the tube, which may cause physical (e.g., dys-
kinesia) and mental (e.g., confusion, hallucinations) prob-
lems that may interfere with the first phase of sleep. These
patients may be good candidates for 24-h LCIG infusion.
Some patients switch to 24-h LCIG infusion with disease
progression, often 6 months to 1 year after initiating 16-h
LCIG infusion. Patients may also desire early morning “on”
time, which may be facilitated by 24-h infusion. Finally,
when reducing patient and caregiver burden is desired,
24-h LCIG administration may be useful, as it lessens the
need for caregivers to assist with tasks such as toileting and
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medication administration. In addition, if wearing off does
not occur, the risk of night-time falls may be reduced.
Some patients undergoing 16-h LCIG infusion may
resist switching back to oral levodopa at night, and we have
encountered patients who insist on infusion around the
clock to ameliorate their symptoms. However, use of 24-h
LCIG dosing depends on a patient’s therapeutic window,
as a narrower window entails a greater need for continuous
levodopa. Another potential consideration involves techni-
cal aspects of the LCIG pump itself. The currently available
pump lacks a clock and an alarm to indicate when the cas-
sette requires replacement. While some apomorphine pumps
may be programmed with several different infusion rates or
for automatic or manual switches between rates, the LCIG
pump lacks this feature. Patients and caregivers must there-
fore have the cognitive and motor skills to program the pump
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for 24-h use independently, to avoid any potential problems
or overdosing. The decision to switch a patient to 24-h LCIG
infusion is therefore highly patient specific.

4.2 Strategies To Consider Before Starting 24-h LCIG

Before initiating 24-h LCIG infusion for their patients, pro-
viders may wish to consider other strategies for symptom
control, some of which include off-label use of certain medi-
cations. It is generally preferable to initiate daytime 16-h
infusion of LCIG, rather than immediately transition patients
from oral levodopa to 24-h LCIG infusion. For patients
receiving 16-h LCIG, providers may recommend using extra
doses when stopping the pump and flushing in the evening,
before transitioning to 24-h LCIG use. This strategy also
provides a dosing boost from flushing the medication that
remains in the tubing. Furthermore, if daytime medications
do not control symptoms and/or side effects, other meth-
ods for supplementing dopamine with strategic timing can
be useful. Immediate- or extended-release formulations of
dopamine agonists, such as the rotigotine patch, ropinirole,
or pramipexole, may be prescribed to control night-time
symptoms. Some providers may prefer the rotigotine patch,
as it can be removed in the morning, facilitating precise
titration of the overnight dose without affecting the day-
time rate. Immediate-release ropinirole, pramipexole, and
gabapentin may be especially useful when patients report
symptoms of restless leg syndrome. Slow-release oral levo-
dopa or levodopa/carbidopa/entacapone may be tried before
administering a dopamine agonist, or if dopamine agonists
are insufficient, not well tolerated, or otherwise contraindi-
cated. Some providers may not prefer dopamine agonists for
patients with advanced PD because adverse effects such as
hallucinations or neurogenic orthostatic hypertension may
occur. If all these options fail, 24-h LCIG administration
may be appropriate.

Some providers may wish to prescribe 24-h infusion for a
brief period to evaluate any improvements or curtail worsen-
ing of side effects. One method is to switch patients from
16-h to 24-h LCIG infusion for a trial period of approxi-
mately 2 weeks. Another approach is to increase the infusion
time from 16 hours to 18 hours for a few days, and then fully
transition patients to 24-h LCIG use. However, some patients
do not adhere strictly to the 16-h limit, instead wearing the
pump during waking hours and unhooking it at bedtime. For
these patients, the latter strategy may need to be modified to
accommodate patients’ usual schedule, or a different strategy
may be implemented.

4.3 Adjustments to Dosing

Adjustments to the morning and/or continuous dose are
often required when switching patients to 24-h LCIG

infusion. Our approaches vary, and the adjustments are
likely to depend on provider preference, although, whenever
possible, dosing should be kept convenient for patients. Each
LCIG cassette contains approximately 2000 mg of levodopa.
Although use of one cassette for more than 16 hours is not
presently recommended by the current US Food and Drug
Administration label, in clinical practice, the number of
cassettes required for 24-h infusion will depend on patient
needs. With 24-h LCIG infusion, some patients will not
require more than 2000 mg/day, and use of a second cas-
sette may be avoided. Some of us (A.M. and N.K.) prefer to
use only one cassette per day, if possible, as, in our clinical
experience, a maximum dose of 2000 mg/day may help to
avoid neuropsychiatric complications such as hallucinations
and dopaminergic dysregulation syndrome. Another con-
sideration is that some countries allow reimbursement for
only one cassette per day, which may result in increased out-
of-pocket costs for some patients. Such cost considerations
must also be factored in when determining the appropriate
number of cassettes. Ultimately, the dose required to control
symptoms, and hence the number of cassettes needed over
the 24-h period, is patient specific. The timing of the cassette
change may also be discussed with patients. Some providers
recommend that the cassette be changed at bedtime, while
others recommend changing the cassette in the morning. A
benefit of always changing the cassette at bedtime allows for
five extra doses to be administered if needed, which may be
helpful if symptoms of wearing off occur. The appropriate
time to change the cassette will often depend on patient/
caregiver preference.

The dose should be optimized according to patient obser-
vation. When any adjustments are made, patients should be
asked to keep a motor diary. This diary should count all
extra doses administered so that the amount can be rolled
back into the continuous rate. Initially, the night-time infu-
sion rate may be reduced to 80% of the 16-h rate, titrating
as needed to reach the optimal rate for symptom control
(Fig. 1). In some individual cases, a constant infusion dose
may be maintained over the 24-h period, and the dose may
be lowered to avoid exceeding 2000 mg/day, if use of a sin-
gle cassette alone is desired. For some patients, the daily
infusion dose may be kept as low as possible, and providers
can suggest using extra doses during periods of predictable
“off” time (e.g., early afternoon). However, with this strat-
egy, there is the possibility that dyskinesia may worsen, as
many patients experience end-of-dose dyskinesia that may
be exacerbated if the dose is low and close to the efficacy
threshold. Another potential caveat is that use of extra doses
may result in increased pulsatile stimulation that triggers
peak-dose dyskinesia. Dose reductions may also be made
only to the night-time dose, whereby night-time rates could
be reduced by 50-80% of daytime rates. In the cohort of 35
patients reported by Morales-Bricefio et al. [30], the average
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Solution: Maintain dose for 16 hours and reduce nighttime infusion rate, thereby increasing total daily dose

Dose
Daytime infusion rate
for 16 h
(for ours) — 1500 mg . e 3 ) 1500 mg
' Ll|_|>20 L 5 = 4.7 mL/
concentration
Example nighttime infusion rates (for 8 hours)
| 80% of daytime rate | A
Nighttime infusion rate 5
o . 608 mg
at 80% of daytime rate 4.7 mL/h x 0.8 = 3.8 mL/h
J
. . . . | 50% of daytime rate | h
Nighttime infusion rate 5
o - 384 mg
at 50% of daytime rate 47mL/h X 05 = 2.4mL/h
J

New total daily dose:
1884 mg (nighttime infusion rate 50%)
2108 mg (nighttime infusion rate 80%)

Fig.1 Example of a patient with a daily total levodopa dose of 1500 mg, dosed over 16 hours, now requires 24-h dosing

nocturnal dose was approximately 60% of the daytime rate.
The minimum night-time dose that improves night-time
symptoms without eliciting dyskinesia, hallucinations, or
other symptoms should be used. In their study of 24-h LCIG
use, Cruse et al. [24] observed a wide range of night-time
LCIG rates (0.5-5.1 mL/h; 43-100% of the daytime rate)
and suggest initially setting the night-time rate to 50% of the
daytime rate. Then, titration to optimal dosing by 0.1 mL/h
of the night-time rate in 1- to 4-week intervals should be
attempted [24]. Response of night-time symptoms to 24-h
LCIG is typically patient or caregiver reported, although the
PD Sleep Scale-2 could be used to assess treatment effect
on sleep.

The morning dose should be reduced/eliminated entirely,
based on the patient’s wake-up time and/or morning symp-
toms. For some patients (e.g., patients receiving a constant
infusion rate per 24-h period), the morning dose can be elim-
inated. Other patients may require a reduced morning bolus.
Alternately, the morning dose may be redistributed over the
24-h period. In cases where a lower night-time dose is given,
a morning dose may still be needed. For some patients, early
morning flushing of the tube may serve as a substitute for
the morning dose. A general guideline is that if symptoms
are severe, the morning dose is needed, but if symptoms
are not severe, the nocturnal rate can be subtracted from
the morning dose. Providers may also suggest that patients
prime tubing with levodopa by giving a 3-mL morning bolus
whenever the cassette is changed, which may be facilitated
by changing the morning lockout time to 10 hours.
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4.4 Flushing Recommendations

Patients should be reminded at every visit to regularly
flush their tubing, although specific flushing recommenda-
tions vary between practitioners. Our recommendations for
flushing vary between our practices, and include (1) flushing
the tubing twice daily with carbonated water, rather than
plain water or saline; (2) flushing whenever the cassette is
changed; (3) flushing every day before the morning dose;
and (4) flushing immediately after disconnecting the pump
for 1 hour each morning and administering an extra dose to
more quickly fill the tube when restarting the pump. The lat-
ter strategy may be helpful for patients who develop marked
dyskinesia after flushing. When restarting the pump, a small
bolus may be administered to limit drops in blood pressure.

Provider discretion and patient needs will dictate the
flushing recommendations made to patients. For optimal
treatment, flushing should occur at least once daily to pre-
vent obstructions. Although it is unlikely that the tubing will
become obstructed with 24-h infusion, no data have cur-
rently been reported with respect to the rate of obstruction
without flushing. Therefore, we believe it preferable to flush
daily, which can serve as a check to ensure that medica-
tion is flowing properly and that the J portion of the tube is
not kinked. Furthermore, difficulty in flushing may be the
patient’s first indication that an obstruction or other prob-
lem is present. If flushing does not take place, the patient
may not be aware of issues until the pump’s high-pressure
alarm sounds and/or their medication is no longer being
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effectively delivered. Flushing can thus act as an indica-
tor that the patient should follow up with their procedural-
ist. In addition, in our experience [35-37], tubing should
be changed approximately every 1.5 years to prevent the
risk of dehiscence or other gastrointestinal complications,
although replacement times may vary because of patient
circumstances and provider preferences. We have observed
that many gastroenterologists recommend this frequency,
though others only recommend changing the tubing if there
is a blockage or the J-tube is not in place.

4.5 Monitoring and Follow-up Care

In our practices, patient/caregiver education is typically pro-
vided by the nursing and advanced practice provider teams.
Routine monitoring for patients treated with 24-h LCIG is
generally the same as for those treated with 16-h LCIG as
there are no unique concerns regarding stoma or tubing care,
and the infection risk is not increased with 24-h infusion.
We recommend scheduling a follow-up visit 1-2 weeks
after switching to 24-h use to discuss dose adjustments, side
effects, and any other patient concerns.

Patients should be regularly monitored for levodopa-
induced side effects, particularly autonomic dysfunctions.
Recent data indicate that the prevalence of dysautonomia
in patients with advanced PD who are treated with LCIG
approaches 50% [38]. It is possible that constant levodopa
infusion may minimize cardiovascular autonomic compli-
cations associated with dopamine agonists and enzymatic
inhibitors. Although stable delivery of levodopa is likely to
avoid the plasma peaks that may result in orthostatic hypo-
tension, we recommend that blood pressure be monitored
every morning, as patients may experience low blood pres-
sure stemming from too much levodopa during the night.
Although fluctuations in blood pressure are multifactorial
and can be caused by the effects of PD on the autonomic
nervous system, some data indicate that levodopa adminis-
tration is independently associated with orthostatic hypoten-
sion [39, 40]. In our experience, each patient is unique with
respect to the need for treatment of supine hypotension at
bedtime. Providers may also recommend that patients main-
tain a minimum 30° angle at the head of the bed to reduce
the risk of supine hypertension in neurogenic orthostatic
hypertension.

Weight loss should be routinely evaluated, as weight
loss is a complication of treatment with LCIG as well as a
marker of PD progression [41, 42]. Findings from a recent
study showed that in 44 patients treated with LCIG for 51.6
+ 28.5 (range 10-120) months, 12 experienced a >10-kg
weight loss, and 30 patients experienced a loss of at least
2 kg (average weight loss, 7.6 + 7.1 kg), with the extent of
weight loss associated with the length of waking day with

dyskinesia [43]. Patients can be referred to a nutritionist/
dietitian to help manage any weight loss.

Development of peripheral neuropathies has been
observed with levodopa treatment, with slightly higher
prevalence of peripheral neuropathy observed among
patients treated with LCIG vs oral levodopa (LCIG, 42.1%;
oral levodopa, 30.2%), although a causal effect has not been
established [44, 45]. The proportion of patients we see with
peripheral neuropathy varies within our practices. Roughly
41% of N.K.’s patients treated with 24-h LCIG exhibit evi-
dent peripheral neuropathy, while M.J.S. and M.R. esti-
mate only about 5-10% of their patients report neuropathy.
M.J.S. and M.R. note that their patients treated with LCIG
do not often complain of neuropathy, and some patients
not receiving LCIG treatment do report neuropathy. A.M.
has not observed a higher incidence of subacute peripheral
neuropathy in patients treated with 24-h infusion, although
patients with chronic neuropathy are frequently asympto-
matic. As neuropathy may also be a consequence of dis-
ease progression, it may be prudent for patients receiving
LCIG to be carefully monitored for the development of
polyneuropathies using regular clinical and electrophysi-
ological assessments [44]. Low levels of vitamin Bg, vita-
min B,, and folate, and high levels of homocysteine and
methylmalonic acid have also been correlated with periph-
eral neuropathy among patients treated with LCIG [45]. As
with 16-h infusion, routine monitoring of vitamins B¢ and
B,,, folate, and homocysteine is therefore recommended
for patients receiving 24-h infusion. Romagnolo et al. [45]
suggested that continuous administration of intestinal gel
may impede normal functioning of the intestinal mucosa,
which may result in malabsorption of vitamins. Hypotheti-
cally, the likelihood of B vitamin and folate deficiencies
is greater with 24-h infusion than with 16-h infusion, as
absorption of these vitamins could be blocked for a longer
time. However, data from a recent safety assessment com-
paring 16-h to 24-h LCIG administration indicate that the
frequency of these deficiencies does not differ significantly
by infusion time, and a significantly reduced frequency of
polyneuropathy was observed among patients receiving
24-h infusion (3% vs 21%, p = 0.02) [30]. In patients who
develop subacute or chronic peripheral neuropathy, halting
LCIG infusion and/or initiating vitamin supplementation,
along with performing regular clinical examinations and
electrophysiological measurements to monitor progression,
may be necessary [44]. Furthermore, in a single patient for
whom 24-h LCIG infusion induced chronic inflammatory
demyelinating polyneuropathy-like neuropathy, treatment
with intravenous immunoglobulin resulted in long-term
improvement in neuropathy symptoms, without needing to
discontinue 24-h LCIG infusion [46]. This finding may be
controversial, however, as neuropathy due to vitamin defi-
ciency stemming from LCIG treatment may not necessarily
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improve with intravenous immunoglobulin treatment, and a
causal relationship between LCIG and neuropathy has not
been definitively established.

Patients should also be followed for symptoms of LCIG
wearing off overnight (e.g., insomnia, dystonia, sialorrhea,
and pain). Changes in sleep patterns or worsening of hal-
lucinations, delusions, and/or nightmares should also be
monitored. Many of our patients receiving 24-h LCIG report
improved sleep and require fewer sleep aids. However, in
some patients, symptoms of psychosis (hallucinations and/or
delusions) or nightmares may be exacerbated. These symp-
toms can be addressed by reducing the continuous LCIG
dose or by prescribing an atypical anti-psychotic medica-
tion, such as pimavanserin (not available in the European
Union or Australia), clozapine, or quetiapine. Quetiapine
may be preferred if a quick-acting medication is required,
particularly as the side effect of somnolence can assist with
sleep. Pimavanserin may take at least 4—6 weeks to show
effect. Some providers prefer clozapine as a last option,
given the requirement for regular monitoring of bloodwork.
Notably, benzodiazepines should only be used to treat rapid
eye movement sleep behavior disorder, not PD-associated
hallucinations or delusions. A lower infusion dose may also
be helpful if patients experience dyskinesia that affects sleep
quality. If patients require a greater dose during the day,
providers can encourage them to use extra doses more fre-
quently. In some patients, rapid eye movement sleep behav-
ior disorder may be poorly controlled by 24-h LCIG only.
Melatonin or clonazepam may be effective in treating the
rapid eye movement sleep behavior disorder directly, along
with use of an abdominal binder to protect the pump and
PEG-J.

Finally, providers should discuss the potential for impulse
control disorders with patients and caregivers, and moni-
tor for the development of disorders. Although one study
recorded impulse control disorders as an adverse event in
four of 15 patients (27%) treated with 16-h LCIG, other data
indicate that LCIG treatment may improve symptoms of
impulse control disorders [47]. Ricciardi et al. [29] reported
a reduction in the frequency and severity of impulsive/
compulsive behaviors in patients treated with 24-h LCIG.
Morales-Bricefio et al. [30] reported that exacerbation of
impulse control disorders was similar among patients treated
with 16-h LCIG (two of 28 patients, 7%) and 24-h LCIG
(one of 35 patients, 3%).

4.6 Managing Patient Concerns
4.6.1 Control of Dosing
Patients and/or caregivers may request that they have some

control over medication dosing, and management of this
concern is likely to be dependent on provider preference.
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Different approaches may be taken, and our own strategies
differ between our practices. S.T. does not allow patient con-
trol of dosing. A.M. allows patient control of dosing within
the range of 0.3 mL/h. N.K. permits patients to lower their
continuous dose to a pre-specified limit and notes that if
the patient or caregiver can learn the logic behind chang-
ing the dose, it is generally worthwhile to teach them. V.F.
allows control according to a pre-planned schedule (e.g.,
increasing the rate by 0.1 mL/h every 2 or 4 weeks accord-
ing to response). The pump itself can be programmed to a
lock level 1 setting, which allows for the patient/caregiver
to adjust the continuous dose throughout the day or night to
help control motor fluctuations. The maximum rate is gener-
ally set by the clinic. M.J.S. and M.R. will use the lock level
1 setting after a transition period or if the patient lives far
away. Some hospitals use lock level 0, which allows for the
dosage to be adjusted freely by patients or caregivers [31].
Because patients know whether they are experiencing a good
or bad day (e.g., feeling more “off” or dyskinetic), lock level
0 or lock level 1 can allow for slight dose adjustments to
accommodate for day-to-day changes in mobility.

4.6.2 Patient Acceptability

Patients may also express concerns about comfort or mov-
ing/adjusting the equipment. Acceptance of the PEG-J port
may initially be a barrier to implementing LCIG treatment.
We have found that reiterating the reversible nature of the
procedure and stressing that patients can always return to
daytime dosing to be useful strategies in helping patients
accept the PEG-J port. In addition, our experience suggests
that most patients become acclimated to the therapy after
a few weeks, and that the efficacy of the treatment typi-
cally outweighs the inconvenience of the pump’s noise level.
Many patients express that they are no longer bothered by
the idea of the pump/PEG-J port after several weeks. If the
sound of the pump affects the patient’s insomnia, a white
noise machine may be recommended. Some patients may
also benefit from accessories to aid in medication delivery.
Abdominal binders, for example, may be used to limit the
movement of tubing and improve comfort. Patients may also
find sleeping on their backs or sides, with the pump on the
bed, to be more comfortable.

4.7 Positive Effects for Patients and Caregivers

In our clinical practices, we have anecdotally observed vari-
ous positive effects of 24-h LCIG for patients and caregiv-
ers. Patients treated with 24-h LCIG have reported improved
ability to sleep through the night without having to use the
bathroom. Some patients also report improved sexual activ-
ity, despite initial concerns regarding comfort or displaced
tubing. Some patients with PD report wearing off or freezing
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that may affect their ability to perform as desired in sex-
ual intercourse. As a result, some patients receiving LCIG
therapy choose to use an extra dose of LCIG before remov-
ing their pump for sexual intercourse. Other patients have
reported improved sexual performance owing to increased
muscle strength.

In our experience, the use of 16- and 24-h LCIG may
potentially lead to the development of impulse control dis-
orders, including excessive night-time eating. Patients with
PD, including those treated with LCIG, frequently experi-
ence constipation, weight loss, and loss of appetite. It is
unclear whether these symptoms are due to LCIG treatment
or disease progression. Complications resulting from disease
progression could therefore become more apparent for these
patients, but may not stem from LCIG treatment itself.

We have observed that some patients and caregivers in
the USA express concerns regarding the approval status
for LCIG, which permits a maximum administration of 16
hours, and that this sometimes affects the decision to transi-
tion to 24-h LCIG use. Providers may reiterate that while a
16-h duration was used in the initial study to gain approval,
LCIG can be used for the length of time appropriate for
the patient. Furthermore, in our experience, caregivers of
patients who have switched to 24-h LCIG administration
have reported reduced burden of responsibility, greater
happiness, improvements in their own quality of sleep, and
reduced anxiety regarding the patient.

5 Conclusions

Infusion of LCIG for 16 hours is a standard treatment for
patients with advanced PD. Although 16-h infusion is
clinically indicated by the US and European Union label
(and 24-h LCIG infusion is only indicated when medi-
cally necessary in the European Union), data from several
small studies indicate that 24-h LCIG infusion may further
reduce PD symptoms. Infusion of LCIG for 24 hours may
benefit patients when reductions in nocturnal symptoms and
improvements to quality of sleep are needed, chiefly when
patients experience substantial wearing off of LCIG over-
night, delayed morning latency, insomnia, dystonia due to
wearing off of LCIG, severe night-time akinesia or bradyki-
nesia, severe night-time pain, and/or severe night-time uri-
nary problems. In such patients, providers may wish to first
try other medications (e.g., dopamine agonists or extended-
release oral levodopa formulations) before transitioning
patients to 24-h LCIG infusion. A brief transition period
to evaluate tolerance to 24-h LCIG administration may also
be desired. When transitioning patients to 24-h LCIG use,
adjustments to the continuous, night-time, and/or morning
doses are likely necessary. Patients should be monitored for
autonomic dysfunctions; symptoms when LCIG wears off

overnight; changes in weight; fluctuations in plasma lev-
els of B vitamins, folate, and homocysteine; and changes
in sleep patterns or worsening of hallucinations, delusions,
and/or nightmares. In our experience, 24-h LCIG infusion
is generally well tolerated, with significant positive benefits
to both patients and caregivers. Given these clinical obser-
vations and the small body of currently available evidence,
further research into the efficacy of 24-h LCIG infusion is
warranted.
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