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Introduction
Device-assisted procedures are efficacious and safe 
treatment options for advanced Parkinson’s disease (PD) 
improving both motor and non-motor symptoms ref-
ractory to the best oral treatment and contributing to a 
better quality of life of patients (1). 
As PD progresses, the accumulating loss of nigrostriatal 
dopaminergic neurons leads to an increasingly impaired 
ability to store dopamine. At this advanced stage, pati-
ents start to experience fluctuating symptoms, which 
improve and worsen in cycles mimicking the half-life of 
the orally administered levodopa before its conversion 
to dopamine (2). Patients developing motor complicati-
ons that cannot be adequately managed with oral/
transdermal dopaminergic medication should be refer-
red to specialized multidisciplinary movement disorders 
clinics for assessment of eligibility for device-assisted 
treatments. These device-assisted therapies include 
deep brain stimulation (DBS) and infusion therapies. 
Whereas DBS can be considered in PD with early motor 
fluctuations, the infusion therapies are reserved for ref-
ractory fluctuations (3). The «5-2-1» rule (5 intakes of oral 
levodopa, 2 hours of «off» symptoms and 1 hour of dys-
kinesia per day) can be used to screen candidates for 
advanced therapies (4). In this review, we will focus on 
infusion therapies, which include continuous levodo-
pa-carbidopa intestinal gel (LCIG), continuous levodo-
pa-entacapone-carbidopa intestinal gel (LECIG), 
continuous subcutaneous apomorphine infusion (CSAI), 

subcutaneous levodopa-carbidopa and subcutaneous 
foslevodopa-foscarbidopa infusions (2) (the latter two 
not being currently available in Switzerland). 
The rationale for infusion therapies is to deliver a conti-
nuous plasma level of dopaminergic medication in 
order to decrease time in «off» and improve dyskinesia 
(2). Generally, infusion therapies do not improve cogni-
tion (except for cognitive side effects of high doses of 
oral dopaminergic medication) or levodopa-resistant 
axial symptoms such as «on» freezing of gait and postu-
ral instability. Patients, who are thought to be candida-
tes for infusion therapies, should be assessed in 
specialized multidisciplinary movement disorders cen-
ters in order to confirm the diagnosis of PD, review the 
previous dopaminergic medication trials, assess the im-
provement of symptoms with dopaminergic medica-
tion and evaluate cognitive and psychiatric impairment. 
Importantly, patients and caregivers should also receive 
education and counselling about the different treat-
ment options, their efficacy, side effects and manage-
ment in order to ensure realistic expectations of the 
treatment. 

Intestinal Gel Infusion Therapies
Continuous Levodopa-Carbidopa Intestinal Gel 
Infusion
Efficacy:
Levodopa-carbidopa intestinal gel (LCIG) is an enteral 
suspension delivered as a continuous infusion through 
a percutaneous gastrostomy with jejunal tube exten-
sion (PEG-J). The first evidence for the efficacy of LCIG in 
the treatment of motor complications in PD came from 
a randomized placebo-controlled clinical trial compa-
ring LCIG to oral levodopa-carbidopa for 12 weeks in 
which both patients’ groups underwent gastrojejunos-
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tomy before treatment allocation. LCIG decreased «off» 
time and increased «on» time without troublesome dys-
kinesia compared to oral levodopa-carbidopa (5). Speci-
fically in patients with dyskinesia, LCIG treatment was 
able to reduce not only the duration but also the sever-
ity of dyskinesia improving the quality of life of patients 
(6). Besides its effect on motor symptoms in PD, LCIG 
treatment was also able to improve non-motor symp-
toms such as sleep, mood and fatigue thereby also im-
proving the quality of life of patients (7).

Safety: 
LCIG is mostly well tolerated and has a low withdrawal 
rate of about 25% (8). Adverse effects are common, 
though they are primarily mild in nature. These adverse 
events are predominantly linked to the percutaneous 
gastrojejunostomy with reports indicating that they 
occur in approximately 60–90% of patients (5, 9, 10) with 
10-20% being serious adverse events (9, 10). Device-re-
lated complications can arise during the insertion pro-
cedure and may include skin infection, peritonitis, 
intestinal tube dislocation and pump malfunction (5, 9) 
(Figure 1). Additionally, axonal polyneuropathy has been 
reported in 5–10% of patients (11, 12). It has been pos-
tulated that levodopa can interfere with B vitamins me-
tabolization and thereby increase the risk of 
polyneuropathy in PD patients being treated with hig-
her levodopa daily dose or high serum homocysteine 
levels (11) and low serum vitamin B12 and B6 levels (12).

Practical Considerations:
LCIG is administered using a portable pump strapped 
around the waist or neck and connected to a PEG-J 
tube. The available LCIG pump in Switzerland is the Duo-
dopa® pump (Figure 2). 
Before LCIG installation, patients should be screened for 
polyneuropathy with electrophysiological neuropathy 
screening and baseline levels of vitamins B6 and B12 
and folic acid (13). LCIG therapy is initiated in an inpati-
ent setting with an initial nasoduodenal test phase for 
about 5–8 days to evaluate symptom response to treat-
ment. For selected cases such as patients who have al-
ready underwent a levodopa challenge test with 
adequate response and in which a PEG is deemed as 
necessary for long-term feeding in cases of severe dys-
phagia, the nasoduodenal test phase can be bypassed. 
When starting LCIG therapy, the total oral levodopa daily 
equivalent dose is replaced by LCIG total dose. LCIG in-
fusion is administered as a morning bolus and a conti-
nuous maintenance dose. In most cases, a 16 hours a 
day infusion is sufficient to improve symptoms, but in 
cases of severe «off» symptoms during the night, LCIG 
can also be administered overnight (24 hours a day). 
Extra boluses can also be programmed to further im-
prove symptoms if the continuous maintenance dose in 
insufficient. The handling of the pump system requires 
training of the patient and/or caregivers, which includes 
the daily care of the stoma and the daily flushing of the 
tube as well as the refrigeration of the drug before use. 
Patients and caregivers should also be instructed to re-
sume previous oral dopaminergic medication in case of 
a pump malfunction lasting more than 90 minutes. The 
pharmaceutical company commercializing the Duo-
dopa® pump offers a hotline for technical support. 

Continuous Levodopa-Entacapone-Carbidopa 
Intestinal Gel infusion
Efficacy:
Levodopa-entacapone-carbidopa intestinal gel (LECIG) 
is a novel infusion therapy in which the cathecol-O-met-
hyltransferase (COMT) inhibitor entacapone was added 
thereby inhibiting the degradation of levodopa to 
3-O-methyldopa and increasing the bioavailability of 
levodopa and decreasing the dose of levodopa needed 
to treat symptoms (14). 
An initial study showed that combining LCIG with oral 
entacapone was able to reduce the LCIG dose by about 
20% while maintaining motor improvement (15) which 
led to the development of LECIG infusion therapy. Evi-
dence for LECIG treatment efficacy and safety is limited 
to an open-label crossover trial comparing levodopa 
exposure in patients with advanced PD treated to LCIG 
and switched to LECIG, which showed that levodopa 
dose could be reduced with LECIG without lowering 
levodopa exposure (15). LECIG is currently only appro-
ved in a limited number of European countries and a 
large multicenter prospective long-term observational 

F O R T B I L D U N G

Figure 1: Complications of infusion therapies. A: Local cellulitis and granulomatous 
tissue at PEG-J site as complication of LCIG. B: Local cellulitis as complication of CSAI. 
C: Necrotic ulcer as complication of CSAI. 
Abbreviations: PEG-J: percutaneous gastrostomy with jejunal tube extension, LCIG: 
levodopa-carbidopa intestinal gel, CSAI: continuous subcutaneous apomorphine 
infusion. (Fotos: Universitätsklinik für Neurologie, Inselspital Bern)

Figure 2: Examples of infusion portable pumps. A: Duodopa® pump. B: D-mine®/
Dacepton® pump. C – APO-GO® pump. (Fotos: Universitätsklinik für Neurologie, 
Inselspital Bern)
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study (ELEGANCE study) is currently ongoing to study 
the long term effects of LECIG on motor outcomes. 

Safety:
Evidence on efficacy, adverse events and clinical expe-
rience with LECIG are still limited. Adverse events appear 
to be similar to LCIG with the additional side effects of 
entacapone which can frequently induce diarrhea.

Practical Considerations:
The currently available LECIG pump system in Switzer-
land is the Lecigon® pump. As LCIG, LECIG is delivered as 
a continuous infusion through a percutaneous gastroje-
junostomy tube but because a lower dose of drug is 
usually needed, the portable pump is smaller. When 
switching from LCIG to LECIG, the continuous mainte-
nance dose should be reduced by about 30% (2). Most 
clinicians perform LECIG installation and follow-up simi-
larly to LCIG. A trial of oral entacapone-levodopa (Sta-
levo®) is recommended to ensure tolerance to the drug 
formulation.

Subcutaneous Infusion Therapies
Continuous Subcutaneous Apomorphine 
Infusion (CSAI)
Efficacy:
Apomorphine is a non-narcotic derivate of morphine 
with a highly potent dopaminergic agonist activity and 
the only other dopaminergic drug with an efficacy com-
parable to levodopa. Nowadays apomorphine is used 
for the treatment of Parkinson’s disease, but its first use 
in the late 1800s was in the treatment of poisoning due 
to its strong emetic effect (16). Only in the 1950s, apo-
morphine was first used for the treatment of PD, parti-
cularly tremor and rigidity. Due to a strong first-pass 
effect, apomorphine has a poor oral bioavailability and, 

therefore, needs to be administered subcutaneously. It 
is also lipophilic and able to rapidly cross the blood-
brain barrier acting on both D1-like (D1 and D5) and 
D2-like (D2, D3, D4) receptors, even if with a lower affi-
nity for D1-like receptors (16).
The first groundbreaking clinical study of subcutaneous 
apomorphine in the treatment of motor fluctuations in 
PD was published in 1988 (17) and it demonstrated that 
a subcutaneous continuous infusion of apomorphine 
was able to decrease the mean daily time in «off» by 
about 6 hours, an effect which was similar in efficacy to 
that of intravenous levodopa (17). Additionally, this 
study also further confirmed that the hypotensive and 
emetic adverse effects of apomorphine administration 
could be managed with domperidone (17, 18). The TO-
LEDO study was the first double-blind placebo-control-
led clinical trial to provide evidence on the efficacy and 
safety of CSAI in advanced PD (19). In patients with PD 
and motor fluctuations not adequately improved by 
oral drugs, CSAI reduced daily time in «off» (19). 

Safety: 
The most frequent adverse effects were skin changes at 
the injection site (59%), but CSAI was considered to be 
generally well-tolerated (19). Besides reducing daily 
time in «off», CSAI also reduces dyskinesia, with the im-
provement of dyskinesia being greater in patients achie-
ving monotherapy with apomorphine (20). Besides its 
effect on motor symptoms, CSAI is also able to improve 
non-motor symptoms such as gastrointestinal and uri-
nary symptoms (21). Moreover, in non-demented pati-
ents with PD, treatment with apomorphine was able to 
reduce hallucinations, possibly through allowing a re-
duction of oral dopaminergic drugs (22). Impulse cont-
rol disorders, such as pathological gambling and 
hypersexuality, were also less associated with apomor-

Table 1:
Comparison of device-assisted therapies for Parkinson disease according to different patient 
characteristics

 Is the patient a candidate for this device-assisted therapy?
Characteristic Deep Brain Continuous Levodopa- 
 Stimulation Subcutaneous Carbidopa 
   Apomorphine Intestinal Gel 
  Infusion Infusion
Secondary parkinsonism or atypical No No No 
parkinsonian disorders
Age higher than 70 years-old Depending on Yes Yes 
 clinical profile
Motor fluctuations Yes Yes Yes
Refractory PD tremor Yes No No
Moderate cognitive impairment No Yes Yes
Severe dementia No No No
Severe psychosis and hallucinations No No No
Impulse control disorders Yes Yes Yes
Polyneuropathy Yes Yes No
Frailty/high risk for surgical intervention No Yes Depending on 
   clinical profile
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phine than with other dopamine receptor agonists pos-
sibly due to its less selective activation of D3 receptors 
compared to pramipexole and ropinirole (23).
Even if generally well tolerated, CSAI is associated with 
adverse effects. Skin related adverse effects are most 
common and range from bruising or nodules to necro-
sis, subcutaneous abscesses and eosinophilic panniculi-
tis (19) (Figure 1). Nausea, vomiting, somnolence and 
hypotension can also occur, particularly in the begin-
ning of the treatment. Moreover, apomorphine can in-
duce a QT interval prolongation and, rarely, autoimmune 
hemolytic anemia or eosinophilic reactions (24). 

Practical Considerations: 
CSAI is available in Europe and is administered using a 
portable pump device through a fine catheter and a 
small needle placed in the subcutaneous fatty tissue. 
The available pump systems in Switzerland are APO-GO® 
and D-mine®/Dacepton® (Figure 2). 
Since no surgery is required, CSAI is considered to be 
less invasive than LCIG/LECIG and installation can be 
done both in outpatient or inpatient settings. Currently, 
in Switzerland, installation is mostly done in inpatient or 
day clinics settings. Usually, CSAI is started at a dose of 
1mg/hour and increased daily about 1mg/hour, while at 
the same time the oral dopaminergic medication is pro-
gressively reduced, particularly if dyskinesias occur, usu-
ally by first decreasing oral dopamine agonists. The 
installation phase lasts about 7–15 days, while the daily 
dose of CSAI and oral dopaminergic drugs is optimized. 
Usually, CSAI is administered for 16 hours a day (or 24 
hours in case of severe night «off» symptoms), at a ma-
ximum dose of 100mg/day, and is divided in a morning 
dose, maintenance dose (usually between 4-7mg/hour) 
and extra boluses as needed (although their use should 
be limited due to the risk of aggravating dyskinesia or 
impulse control disorders). CSAI monotherapy can be 
aimed but it is less frequently achieved than in LCIG (25) 
so that oral fractionated levodopa often needs to be 
maintained. 
Before initiation of CSAI, patients should have a basic 
laboratory evaluation with complete blood count, kid-
ney and liver function tests and Coombs test, ECG to 
exclude a baseline prolongation of QT interval and ba-
seline Schellong test. Premedication with domperidone 
10mg 3 times/day started 3 days before initiation of 
CSAI and continued until tolerance to nausea, vomiting 
and hypotension is developed. Ondansetron or other 
serotonin receptor antagonists are contraindicated du-
ring apomorphine treatment due to the risk of severe 
hypotension. Domperidone as well as apomorphine 
have been associated with prolongation of QT interval, 
therefore an ECG should be obtained also after initiation 
of treatment. During follow-up, every 3–6 months, an 
ECG to monitor the QT interval as well as complete 
blood count and a Coombs test should be obtained to 
monitor for the development of rare but potentially se-
vere autoimmune hemolytic anemia or hypereosinophi-
lia syndrome. 
The handling of the pump system requires training of 
the patient and/or caregivers. This is particularly import-
ant because skin-related adverse events can be greatly 
prevented by adequate hygiene, proper injection tech-
nique, rotation of injection site and localized massages. 

In case of subcutaneous nodules, which impair ade-
quate administration of CSAI, ultrasound treatment can 
also be tried (26). During CSAI monotherapy, patients 
and caregivers should be instructed to resume previous 
oral dopaminergic medication in case of a pump mal-
function lasting more than 30 minutes. The pharmaceu-
tical companies commercializing the APO-GO® and 
D-mine®/Dacepton® pumps offer a hotline for technical 
support.

Continuous Subcutaneous Levodopa-Carbidopa 
and Foslevodopa-Foscarbidopa Infusions
Levodopa-carbidopa continuous subcutaneous infu-
sion (LC-CSCI) is a new infusion therapy in which soluble 
levodopa-carbidopa or foslevodopa-foscarbidopa are 
delivered through a portable pump infusion similar to 
that used for CSAI (27). In a phase 3, randomized, dou-
ble-blind, double-dummy, multicenter trial, ND0612 
was shown to increase time in «on» without trouble-
some dyskinesia and decrease time in “off” compared to 
oral levodopa-carbidopa (28). Another randomized, 
double-blind, active-controlled phase 3 clinical trial also 
showed that ABBV-951 increased time in «on» without 
troublesome dyskinesia and reduced time in «off» (29). 
LC-CSCI is a new treatment option approved by FDA 
and EMA but not by Swissmedic. 

The choice between different device-
assisted therapies 
There are no published clinical trials comparing head-
to-head the different device-assisted therapies. An ob-
servational study of patients who were treated with 
CSAI while on a waiting list for STN-DBS showed that 
CSAI reduced daily «off» time and improved non-motor 
symptoms, but this improvement was higher after STN-
DBS, with STN-DBS allowing a reduction of daily «off» 
time of 90% compared to 70% of CSAI (30). In another 
observational study, STN-DBS achieved a greater de-
crease of dyskinesia duration whereas CSAI was less as-
sociated with development of apathy than STN-DBS 
(31). A meta-analysis which compared over 20 studies of 
device-assisted therapies suggested that LCIG and DBS 
were superior in decreasing «off» time compared to 
CSAI (32). An observational multicenter study compa-
ring LCIG and CSAI concluded that both treatment op-
tions were suitable and led to improvement of motor 
complications and quality of life (33). However, since 
there is no high quality evidence comparing the diffe-
rent device-assisted therapies, the choice between the 

Key points: 

● For patients with Parkinson’s disease and motor complications the current 
available infusion therapies, in Switzerland, include levodopa-carbidopa and 
levodopa-entacapone-carbidopa intestinal gel infusions and continuous sub-
cutaneous apomorphine infusion.

● Patients who are thought to be candidates for infusion therapies should be 
assessed in specialized multidisciplinary movement disorders centers.

● The choice between the different infusion therapies is individualized and 
depends on the clinical profile of the patient as well as the values and preferen-
ces of patient and caregivers.
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different therapy options for advanced PD is individuali-
zed and mostly based on patient profile (34), availability 
of clinical expertise in managing the different therapies 
and patient and caregiver values and preferences (see 
Table 1). l
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