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ABSTRACT 
Aim of study. To determine whether a high dose of levodopa-carbidopa intestinal gel (LCIG), expressed as levodopa equivalent 
daily dose (LE daily dose), is a risk factor for acute polyneuropathy in patients treated with LCIG.

Clinical rationale for study. Treatment with LCIG is an effective device-assisted therapy in the advanced stages of Parkinson’s 
Disease (PD). Polyneuropathy is a well-known complication of PD treatment. Patients treated with oral levodopa usually suffer 
from sub-clinical or mild chronic sensory polyneuropathy. However, severe acute polyneuropathy occurs in patients treated 
with LCIG, which is causally related to the treatment and leads to its immediate discontinuation. The etiology is not yet clear, 
but some patients with acute polyneuropathy have been given high doses of LCIG.

Material and methods. A retrospective multicentre study of patients treated with LCIG was performed. Patients with acute 
polyneuropathy were subjected to a detailed analysis including statistical processing. 

Results. Of 183 patients treated with LCIG in seven centres, six patients (five females, median age 63 years) developed acute 
polyneuropathy with LCIG discontinuation. The median (interquartile range) initial and final LE daily dose in patients with and 
without acute polyneuropathy was 3,015 (2,695–3,184) and 1,898 (1,484–2,167) mg, respectively. The final LE daily dose of 2,605 
mg cut-off had 83% sensitivity and 93% specificity for the prediction of acute polyneuropathy.

Conclusions and clinical implications. The risk of acute polyneuropathy in LCIG-treated patients was associated with a daily 
LE dose of greater than 2,605 mg or with more than a 62% increase in the daily LE dose during LCIG treatment. 
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Introduction

Treatment with levodopa/carbidopa intestinal gel (LCIG) 
is an effective device-assisted therapy in the advanced stages 
of Parkinson’s Disease (PD). 

Polyneuropathy is a well-known complication of PD 
treatment. Patients treated with oral levodopa usually suffer 
from sub-clinical or mild chronic sensory polyneuropathy 
associated with elevated homocysteine levels and cobalamin 
or folate deficiency [1]. The prevalence of polyneuropathy is 
higher in patients with LCIG (up to 75%), and polyneuropathy 
is divided into chronic, subacute, and acute cases. Acute poly-
neuropathy in LCIG can occur especially during the first two 
years of LCIG treatment, and its prevalence is up to 11% [2, 3]. 
Some patients have experienced a rapid progression of severe 
acute polyneuropathy, leading to discontinuation of the LCIG 
treatment [3–5]. The etiology is not completely understood, but 
it seems certain that this is an acute and serious complication of 
LCIG treatment and that the condition improves or stabilizes 
after treatment is stopped. Some research has suggested that 
this could result from the high doses of LCIG [3, 6]. Other 
causes of acute polyneuropathy have been repeatedly ruled out.

Clinical rationale for study

Acute polyneuropathy is a serious and disabling com-
plication of LCIG treatment. In this retrospective study, we 
focused on the association between the development of acute 
polyneuropathy and the dose of LCIG (expressed by levodopa 
equivalent (LE) daily dose [7]). If a statistically significant 
correlation were to be demonstrated, the results would be 
important for setting rules when starting LCIG treatment to 
minimize the risk of developing acute polyneuropathy.

Material and methods

Specialists from seven movement disorders centres in 
the Czech Republic and Slovakia were invited to complete 
a multicentre retrospective survey of all patients treated 
with LCIG therapy. All patients met the clinical criteria for 
advanced Parkinson’s Disease [8]. The survey included basic 
demographic information including sex, age, clinical data, the 
incidence of polyneuropathy, the LE daily dose immediately 
before starting LCIG therapy (the initial LE daily dose), and 
the dose after three months on LCIG or before LCIG discon-
tinuation due to acute polyneuropathy (the final LE daily dose). 

In all patients with polyneuropathy, we were interested in 
its clinical manifestation and management: symptomatic ther-
apy, LCIG dose reduction, or discontinuation. The diagnosis of 
polyneuropathy was based on a clinical examination and elec-
trophysiological studies. Special attention was paid to cases of 
acute severe polyneuropathy which led to the discontinuation 

of LCIG. Acute polyneuropathy was defined as the develop-
ment of polyneuropathic symptoms from within a few days 
to maximally a few weeks, leading to a rapid deterioration of 
the condition. Polyneuropathic symptoms were defined as 
dysesthesia/paraesthesia, hypesthesia, pain, or weakness in 
the extremities beginning in a typical distribution distally in 
the lower extremities and spreading proximally to the upper 
extremities. A clinical diagnosis was made according to the 
clinical criteria of polyneuropathy [9]. In these patients, more 
detailed information was further requested: clinical symptoms, 
concomitant diseases, and medication, electrophysiological 
studies, information about cobalamin or folate substitution, 
plasma levels of cobalamin and folate, lumbar puncture results, 
the interval between LCIG titration and polyneuropathy onset, 
the clinical outcome after LCIG withdrawal, and the actual LE 
daily dose at the time of polyneuropathy diagnosis.

When appropriate, continuous data was expressed as 
median and interquartile range (IQR). Differences in the 
primary outcomes between sexes were compared using the 
Fisher exact test. For univariate and multivariate prediction 
models, logistic regression was used, and the odds ratio was 
computed. The differences between the centres were subject 
to the Kruskal-Wallis test. P-values of less than 0.05 were 
considered statistically significant. Analyses were conducted 
using the R statistical package version 4.0.3.

Results 

A total of 183 patients in the advanced stage of PD (80 females 
and 103 males, median age 69 (IQR 63–74)) years treated with 
LCIG were reported. Clinically relevant polyneuropathy occurred 
in 27 (15%) patients (10 de novo and 17 pre-existing cases), the 
majority of whom had mild chronic axonal polyneuropathy. 

However, six of the 183 patients (3.3%), 5/6 women, 
median age 63 (IQR 57–68) years, developed acute severe 
polyneuropathy, which led to an immediate discontinuation of 
LCIG treatment. All patients with acute polyneuropathy met 
the clinical criteria for advanced stage Parkinson’s Disease, and 
no red flags indicating another cause of Parkinson’s syndrome 
were observed. Two patients developed acute polyneuropathy 
as a de novo polyneuropathy, and one patient had mild axonal 
polyneuropathy before LCIG initiation. In the remaining 
three patients, no electrophysiological studies were performed 
before LCIG treatment, but the patients did not have any 
pre-existing subjective or clinical signs of polyneuropathy. 
Polyneuropathic symptoms arose and worsened within a mat-
ter of days. Patients 1 and 2 suffered from paresthesia and 
dysesthesia, and patient 6 from dysesthesia only. Other patients 
developed flaccid paraparesis that progressed to tetraparesis. 
Patients 1, 2, 3, and 5 experienced a loss of dyskinesias and 
a gradual deterioration of Parkinsonian symptoms despite 
LCIG dose escalation. All patients with acute polyneuropathy 
were on LCIG monotherapy. 
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Table 1. Characteristics of six patients with acute polyneuropathy and LCIG discontinuation

Patient no. 1 2 3 4 5 6

Sex F F F F F M

Age [years] 66 56 68 60 69 54

PD duration [years] 16 13 6 16 5 14

Initial LE daily dose [mg] 2,238.75 1,950 1,845 2,671 1,363.25 923

Final LE daily dose [mg] 3,139 2,890 3,199 4,033 2,630 1,825

LCIG duration [days] 132 121 346 27 227 223

Cobalamin plasma level 
[normal 191–663 ng/L]

221 191 921 209 177 325.3

Folate plasma level 

[normal 3.1–17.5 ug/L]

5 2.2 3.1 6.4 1.7 3.74

The main clinical symptoms 
of polyneuropathy

Paresthesia, 
dysesthesia

Paresthesia, pain, 
dysesthesia

Paraparesis, 
fatigue

Paresthesia Paraparesis Dysesthesia

Initial electrophysiological 
studies 

Normal NK NK Axon Sens Normal NK

Final electrophysiological 
studies

Axon Dem Sens 
Mot

Axon Sens Axon Dem Sens 
Mot

Axon Dem Sens 
Mot

Axon Sens Mot Axon Sens

Outcome Improved Improved Improved Stabilized Stabilized NK

Initial BMI 16.7 NK 25.5 25 26.2 NK

Final BMI 17.7 NK 23.6 25 NK NK
Age (years): age at the time of polyneuropathy onset; PD duration (years): duration of Parkinson’s Disease; Initial LE daily dose (mg): LE daily dose before initiation of LCIG treatment; final LE daily dose (mg): 
LE daily dose at discontinuation of LCIG treatment due to acute polyneuropathy; LCIG duration (days): duration of LCIG treatment; Cobalamin plasma level after acute polyneuropathy onset; Folate plasma 
level after acute polyneuropathy onset; Initial electrophysiological studies: electromyography before LCIG treatment; Final electrophysiological studies: electromyography after acute polyneuropathy onset;  
Polyneuropathy specification (Axon = axonal, Dem = demyelinated, Mot = motor, Sens = sensory); Outcome after LCIG discontinuation (improved/stabilized/worsened); initial BMI (BMI before LCIG treatment); 
final BMI (BMI after polyneuropathy onset). M — male; F — female; NK — not known; BMI — body mass index

No significant weight changes were observed in patients 
with acute polyneuropathy during LCIG treatment. None of 
these patients took a cobalamin and folate substitution before 
the onset of symptoms. Cobalamin levels were low in patients 
2 and 5 and high in patient 3. Folate depletion was shown in 
patients 2, 3, and 5. The other patients had these parameters 
within the normal range. However, after the development of 
polyneuropathy, a B-vitamin substitution was initiated. Acute 
polyneuropathy began 1-11 months after LCIG initiation. 
LCIG discontinuation and B-vitamin substitution led to sta-
bilization or improvement of the polyneuropathy symptoms in 
five patients, while the outcome of patient 6 remains unknown. 
For more details, see Table 1.

Other causes of polyneuropathy were also considered. 
A basic screening was performed, where normocytic anemia 
was detected in patients 2 and 4. Patients 2, 3, and 4 also un-
derwent a lumbar puncture, where the number of elements and 
protein levels were normal, and the serological examination 
did not show any pathological findings. Patients 1, 2, and 6 had 
no comorbidities and received dopaminergic treatment only. 
Patient 3 suffered from hypothyroidism for a long time but 
reacted well to substitution therapy. Patients 4 and 5 suffered 
from depressive syndrome and were chronically treated with 
selective serotonin reuptake inhibitors (SSRI).

The median initial LE daily dose in patients without acute 
polyneuropathy was 1,350 (IQR 1,118–1,713) mg, which did 
not differ across the centres (p = 0.97). The median final LE 
daily dose in patients without acute polyneuropathy was 
1,543 (IQR 1,200–2,045) mg (Tab. 2). Nevertheless, the final LE 
daily dose significantly differed among the centres (p < 0.01). 
The LE daily doses were mostly increasing [median 14% (IQR 
-8–47%)], (Fig. 1).

The median LE daily dose of patients with acute polyneu-
ropathy increased from an initial 1,898 (IQR 1,484–2,167) mg 
to a final 3,015 (IQR 2,695–3,184) mg, p < 0.01. Compared to 
patients without severe polyneuropathy, a higher dose change 
percentage was reported in acute polyneuropathy patients 
(median of 62% increase, IQR 49–88%, p = 0.05). In contrast 
to the LE daily doses, univariate analysis did not show that 
female sex per se was a predictor of acute polyneuropathy 
(p = 0.09).

A multivariate logistic regression model (Model 1 consid-
ering sex and the final LE daily dose) confirmed that acute pol-
yneuropathy was predicted by female sex (OR = 17.4006, 95% 
CI: 1.3601–222.6088, p = 0.0281) together with final LE daily 
dose (OR = 1.0028, 95% CI: 1.0012–1.0044, p = 0.0006). A dif-
ferent model (Model 2 considering sex, initial LE daily dose, 
and dose change) showed that female sex (OR = 21.3809, 95% 
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Table 2. Epidemiological data of patients treated with LCIG with and without development of acute polyneuropathy

Patients with acute  
polyneuropathy 

(n = 6)

Patients without acute  
polyneuropathy  

(n = 177)

P-value

Male/female 1/5 102/75  0.09

Median age [years] (Interquartile range IQR) 63 (57–67.5) 69 (63–74)  0.07

Median initial LE daily dose [mg] (IQR) 1,898 (1,484–2,167) 1,350 (1,118–1,713)  0.08

Median final LE daily dose [mg] (IQR) 3,015 (2,695–3,184) 1,543 (1,200–2,045) < 0.01

Median LE daily dose change [%] (IQR) 62 (49–88) 14 (–8–47)  0.05

4,000

3,000

2,000

1,000

Prague
(1)

N = 73

Brno
(2)

N = 31

Kosice
(3)

N = 31

Bratislava
(4)

N = 21

Olomouc
(5)

N = 18

Martin
(6)

N = 5

Zvolen
(7)

N = 4

Initial LE daily dose        LE daily dose change

LE
D

D

Figure 1. Comparison of initial LE daily dose and final LE daily dose among seven centres in the Czech Republic and Slovakia 

CI: 1.2638–361.7058, p = 0.0338) together with initial LE daily 
dose (OR = 1.0032, 95% CI: 1.0012–1.0052, p = 0.0020) and 
dose change (OR = 1.0245, 95% CI: 1.0072–1.0420, p = 0.0052) 
also predicted acute polyneuropathy. 

ROC (receiver operating characteristic) analysis (Fig. 2) 
showed high sensitivity and specificity for the LE daily dose 
as a predictor of acute polyneuropathy. The final LE daily dose 
was more strongly associated (area under ROC curve (AUC) 
92%, threshold 2,605 mg, sensitivity 83% and specificity 93%) 
with the risk of acute polyneuropathy than the initial LE daily 
dose (AUC 70%, threshold 1,823 mg, sensitivity 67% and 
specificity 80%) or dose change (AUC 83%, threshold 40%, 
sensitivity 100% and specificity 71%). 

Discussion

Our study aimed to report a retrospective evaluation of the 
development of polyneuropathy in patients treated with LCIG.

The total prevalence of polyneuropathy, regardless of 
origin and progression rate, was 15% for all LCIG patients 
from the seven Czech and Slovak centres, which roughly 
corresponds to the incidence of polyneuropathy estimated in 
previous studies [2, 5, 10]. The cause, duration, and association 
with LCIG treatment in all forms of polyneuropathy were 
difficult to determine. Subjective symptoms can be minimal 
in many patients, and electromyography is not yet a routine 
examination in all patients treated with LCIG.
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Figure 2. ROC analysis: sensitivity and specificity of factors associated 
with acute polyneuropathy. Depicted points indicate the level of sens-
itivity and specificity of each factor: initial LE daily dose (sensitivity 
67% and specificity 80%); dose change (sensitivity 100% and specifi-
city 71%); and final LE daily dose (sensitivity 83% and specificity 93%)

 We focused on patients with acute polyneuropathy 
because this form is severe, often disabling, and repeatedly 
linked directly to the initiation of LCIG. It led to the immediate 
discontinuation of LCIG. The prevalence of acute polyneu-
ropathy with the need for LCIG discontinuation in our group 
was relatively low (3.3%) and mostly linked to the female sex. 

A causal relationship between the development of acute pol-
yneuropathy and LCIG therapy appears to be unquestionable [3, 
11–13] despite isolated objections [14]. The stabilization or even 
improvement of acute polyneuropathy after LCIG discontinuation, 
which we observed in our group of patients, also confirms a causal 
connection [4, 5, 12, 15]. A high LE daily dose as a risk factor for 
the development of acute polyneuropathy has been previously sus-
pected; however, no detailed statistical analyses of patient cohorts 
were available [3–5, 12]. Therefore, we performed a comparison 
between patients with and without acute polyneuropathy.

The initial LE daily dose was not statistically different 
between patients with and without acute polyneuropathy. 
However, the final LE daily dose was significantly higher in the 
group of patients with acute polyneuropathy than in patients 
without. Also, the LE daily dose change was significantly higher 
in patients with acute polyneuropathy. 

In addition, we demonstrated that a final LE daily dose over the 
threshold of 2,605 mg was a high-risk factor for acute polyneurop-
athy development in patients treated with LCIG. Since all patients 
with acute polyneuropathy were on LCIG monotherapy, the LE 
daily dose is equivalent to the LCIG dose. This result prompts 
a reconsideration of the appropriateness of such high doses. 

We found only one safety study [10] in LCIG patients using 
doses higher than 2,000 mg, which reported more patients 
with acute polyneuropathy compared to patients with lower 
doses. However, no statistical analysis was performed. Thus, 
a dose of LCIG corresponding to the equivalent of 2,605 mg 
was considered the upper safe limit of LCIG treatment for the 
development of acute polyneuropathy in our study.

Two main mechanisms are probably involved in the 
development of acute polyneuropathy in LCIG patients: (i) 
intrinsic predisposition and (ii) the ‘adverse’ effects of high 
doses of LCIG on the jejunal membrane or directly on the pe-
ripheral nerves in predisposed patients. Predisposition could 
be a genetic factor, such as a low-activity catechol–O–meth-
yltransferase (COMT) genotype, which is associated with 
a greater risk of polyneuropathy in PD patients [16]. Acquired 
predispositions include dysimmune or post-infective factors 
affecting the peripheral nerves. The ‘adverse’ effect could be 
direct damage caused by levodopa/carbidopa and/or gel to the 
peripheral nerves or the jejunal wall. 

Adverse effects of levodopa/carbidopa per se are less 
likely because patients treated with oral levodopa/carbidopa 
may also suffer from polyneuropathy, but most commonly 
suffer from chronic axonal polyneuropathy at a mild to 
moderate intensity which is associated with higher levels of 
homocysteine and methylmalonate [1]. Acute polyneurop-
athy associated with oral levodopa/carbidopa has not been 
described in the literature but can develop accidentally due 
to another cause.

The gel in LCIG is composed of methylcellulose and wa-
ter. For various reasons, methylcellulose is commonly used 
as a cheap and safe food additive. However, in studies using 
animal models, an association of methylcellulose adminis-
tration with a change in microbiota and a higher incidence 
of inflammatory bowel disease has been described [17]. 
Prospective studies with a jejunal membrane biopsy in patients 
with acute polyneuropathy are needed. In contrast, no study 
has yet demonstrated methylcellulose’s direct toxic effect on 
the peripheral nerves. 

Considering malabsorption, we looked for cachexia de-
velopment in patients with acute polyneuropathy. According 
to the BMI, only patient 1 showed evidence of cachexia, and, 
in contrast, there was a slight weight gain after the initiation 
of LCIG. Other available data (Tab. 1) showed normal BMI 
values in half of the patients. Cachexia was not detected even 
in the patient who developed acute polyneuropathy after 
11 months of treatment. Thus, we did not demonstrate a clear 
association between low weight and the development of acute 
polyneuropathy. 

The insufficient effectiveness of LCIG treatment with the 
necessity to further increase doses and the loss of dyskinesias 
(even with higher dosing) could support the theory of damage 
to the jejunal wall when levodopa is not properly absorbed. 
Low levels of cobalamin and/or folate in some patients can 
also indicate some malabsorption. Unfortunately, no previous 
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studies have discussed the need for dose escalation and the 
presence or absence of dyskinesia in patients with subsequent 
acute polyneuropathies. 

Five of our six patients with acute polyneuropathy were 
menopausal women. However, female sex alone is not a pre-
dictor of acute polyneuropathy, as it requires additional factors 
the final LE daily dose or the initial LE daily dose together with 
dose change. Several reports mention the preponderance of 
female sex in LCIG patients with acute polyneuropathy [4, 
12], although statistical analyses are lacking. The reason for 
this is unknown, but dysimmune or endocrine mechanisms 
should be considered. 

We are aware that the retrospective nature of this study 
and the small number of patients with acute polyneuropathy 
represent limitations. Fortunately for patients, acute polyneu-
ropathy is a rare complication of LCIG treatment and therefore 
the number of patients with this diagnosis is not high. 

Nevertheless, we still consider it important to publish these 
results even given these limitations, because they can help 
improve understanding of the risk factors, and by extension 
the causes, of acute polyneuropathy.

Clinical implications/future directions

Our retrospective study found that patients with acute 
polyneuropathy received significantly higher LCIG doses 
than those without. We identified a threshold of 2,605 mg or 
a substantial dose increase (median 62%) as strong predictors 
for developing this condition. Additionally, we observed that 
the absence of dyskinesias and worsening akinesia, despite 
increasing LCIG doses, were warning signs for potential 
acute polyneuropathy. Considering these factors at the 
start of LCIG treatment can help minimize the risk of this 
complication.
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