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ABSTRACT
INTRODUCTION: Patients with advanced Parkinson’s disease
(PD) often develop motor complications including fluctu-
ations and involuntary movements (dyskinesias). In Den -
mark, treatment has comprised Deep Brain Stimulation 
(DBS) since the late 1990s, and as from 2002 use of a
subcutaneous apomorphine pump. Monotherapy with
continuous intestinal levodopa infusion to the duodenum
(Duodopa) was introduced in 2004. 
MATERIAL AND METHODS: A total of 14 PD patients were
assessed for Duodopa pump therapy in the 2004-2008 
period. After an initial test week, 12 of the patients had a
permanent percutaneous endoscopic gastrostomy (PEG) 
tube inserted containing a smaller intestinal tube terminat-
ing in the duodenum. Before and after treatment initiation, 
we evaluated the patients using clinical rating scales and
video recordings. 
RESULTS: Objectively, all 12 patients experienced a sig -
nificant reduction in fluctuations and dyskinesias while 
achieving a better gait function. Three patients received 
Duodopa as 24-hour treatment with good effect on severe
nocturnal dystonic pain. One patient suffered a severe 
complication (peritonitis).
CONCLUSION: Duodopa has a symptom-relieving and
stabilizing effect without side effects, but entails a risk of 
surgical complications (peritonitis).

Currently, we have in our department evaluated 25 
patients for Duodopa therapy. The treatment is costly
and resource-consuming. Furthermore, it is a specialist
task and multidisci plinary team cooperation is needed to
ensure optimal patient care. The positive treatment
effects include less fluctuations and side effects and
therefore improved quality of life for patients, a
reduction of the burden of care for families and home
care services, and a decrease in the number of undesir-
able, acute hospital admissions.

Treatment of patients with advanced Parkinson’s
disease (PD) is a medical challenge. Despite optimal oral 
medication, patients usually develop motor complica-
tions in the form of fluctuations – so called “on-off” phe-
nomena – and involuntary movements (dyskinesias) [1,
2]. The cause of this is longstanding unphysiological, pul-
satile stimulation of postsynaptic dopamine receptors in

the striatum as a result of the short half-life of levodopa, 
loss of dopaminergic cells and slower gastric emptying 
due to disease progression. 

In Denmark, advanced treatment for PD patients 
with unsatisfactory effect of oral treatment has com-
prised Deep Brain Stimulation (DBS) since the late 1990s
[3]. There may, however, be contraindications to sur-
gery, e.g. advanced age, dementia or significant psy-
chiatric illness/symptoms. Furthermore, some patients
do not want to undergo surgery, and DBS also carries a
risk of neuropsychiatric side effects [4].

Since 2002, a limited number of neurological depart-
ments in Denmark have also been treating advanced PD
patients with continuous apomorphine using a pump for
subcutaneous injection into the abdomen [5]. Apomor-
phine is a liquid dopamine agonist (DA). However, pa-
tients with significant psychiatric illness/symptoms 
 usually do not tolerate apomorphine. Furthermore,
 psychiatrically healthy patients may develop psychiatric
side effects (hallucinations or impulse control disorders).
Disabling sedation and formation of subcutaneous nod-
ules at the injection sites are not uncommon. Finally, 
treatment with apomorphine pump has only limited 
 effect on dyskinesias [6].

Continuous intestinal levodopa infusion to the duo-
denum would theoretically reduce motor complications
owing to a smoother intestinal drug uptake. This would
produce more stable plasma concentrations [7] and a
more sustained stimulation of the dopamine receptors.

As from September 2004, treatment with liquid 
sinemet (Duodopa) administered via a tube into the 
 duodenum (Figure 1 and Figure 2) has been possible in
Denmark, using a method developed in Uppsala, 
Sweden, in the 1990s [8].

The treatment was initially introduced at Bispebjerg
Hospital, but has now also been implemented at Glo s-
trup Hospital, Roskilde Hospital, Aalborg University
Hospital and Aarhus University Hospital. In all, approxi-
mately 75 patients have received this kind of treatment
in Denmark. Throughout Europe, in excess of 1,500 pa-
tients have presently received Duodopa treatment.

An advantage of Duodopa is that it is usually ad-
ministered as monotherapy during the patient’s waking
hours and accompanied by a night-time levodopa slow-
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release formulation. Treatment for any non-dopaminer-
gic symptoms continues as scheduled. Some patients re-
quire 24-hour Duodopa pump treatment (the night-time 
dose constitutes approx. two thirds of the dose adminis-
tered during the day).

To our knowledge, comparative studies on the effi-
cacy of the three therapies have not yet been published,
but a multicenter study to such effect is under prepar-
ation. The effect of the three modalities is probably
comparable.

The aim of the present paper is to report the effect 
of Duodopa treatment on 14 PD patients’ “on” state as
measured by the Unified Parkinson Disease Rating Scale 
(UPDRS) III and their motor fluctuations and dyskinesias. 

MATERIAL AND METHODS
Fourteen patients with advanced idiopathic PD (four
men and ten women, mean age 64.9 ± 13.5 (mean ± 
standard deviation (SD)) years, Hoehn and Yahr Stage: 
3.3 ± 0.7, disease duration: 16.2 ± 7.4 years) (Table 1)
with unsatisfactory effect of oral medication were 
assessed for Duodopa treatment at the Neurological
Department of Bispebjerg Hospital in the period 2004-
2008. The patients were either followed at our Out-
patient Clinic or Parkinson Day Hospital, or they were
newly referred for evaluation at our Department.

All patients required advanced treatment, and
 neither DBS nor apomorphine pump treatment was
 possible: Four patients had insufficient effect of oral DA, 
four could no longer be adequately treated with apo-
morphine pump, four suffered side effects to DA and 
one young patient (no. 1 in Table 1) opposed to DBS.
Furthermore, one patient (no. 3 in Table 1) initially re-
ceived apomorphine pump treatment during admission,
but developed visual hallucinations after a few days.
The patient had dementia (Mini-Mental State Exami n-
ation < 24). Only one of the other patients (no. 7 in 
Table 1) had clinical dementia. 

Twelve of the 14 patients are still being treated
with the pump and have been followed for 2-43 months
(mean 16.3 ± 15.7 months) after treatment initiation. 

Patients were switched directly from their previous
treatment to Duodopa, but high-dose DA patients ta-
pered out DA treatment before admission. On the first 
day of admission, patients were scored using the UPDRS
III and recorded on video in the “on” and “off” state. 
Furthermore, patients or staff started to write Parkin-
son’s diaries covering the whole day to docu ment motor
complications. Before discharge and after one month of 
treatment, the above measures were  repeated. The best 
objective motor scores (UPDRS III) were compared be-
fore and after Duodopa initiation. The last three patients
also completed a validated Quality of Life scale (SF36). 

Duodopa (Solvay Pharmaceuticals GmbH, Hann-
over, Germany) is liquid Sinemet: a solution of levodopa 
in carboxymethyl cellulose 20 mg/ml and carbidopa 5 
mg/ml. The medication comes in pre-mixed cassettes of 
100 ml for approximately one day’s consumption. The 
pump used is a portable CADD pump (Smiths Medical, 
Minneapolis, MN, USA) (size 9 × 19 cm, weight 500 g).

Before initiating treatment, the expected consump-
tion of Duodopa was calculated on the basis of the 
 patient’s current total consumption of medication
(l-dopa equivalent): 

FIGURE 1

Duodopa pump kit. 
A) Cassette for Duodopa 
medication; B) pump; 
C) connection; D) per-
cutaneous endoscopic
gastrostomy tube (outer
tube to the stomach);
E) inner tube (to the
duodenum).

FIGURE 2

Duodopa pump.
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Patient data.

Pa-
tient

Daily medica-
tion before 
Duodopa

LD-equiv.,
mg/day

Most
common 
complaints

UPDRS 
III “on” 
before/
after
Duodopa

Reduction
in UPDRS 
III “on”
after one 
month, %

Duodopa
doses

LD con-
sumption
per day, 
morning +
cont. + SR, 
mg/day

LD con-
sump-
tion,
change,
% Clinical effect Complications Side effects Help

1 675 mg 
LD/CD 
Pergolide
3.9 mg

1,065 Fluctuations
“Off” periods
Difficulties in
the morning

68/10 85 Morning: 
5.2 ml 
Cont.: 
4.5 ml/hour 
Bolus: 2.0 ml

1,744 + 64 Overall 
 marked
 improvement

Inner tube 
slid out and
also into the 
stomach, but
with un-
changed effect

Depression
Anti-
depressants 
in 5 months

Personal
assistant 10 
hours daily
stopped
Managed by 
herself

2 Selegiline 
5 mg
LD/CD, SR 125 
mg
LD/CD 350 mg 
Tolcapone 
300 mg

  475 Dystonic pain
in left side 
Fluctuations

27/15 44 Morning: 
0.8 ml 
Cont.: 
3.5 ml/hour
No bolus 

1,336 + 281 Marked im-
provement,
especially
 concerning
dystonic pain
Better gait
function 
(walker)

After 1 month:
inner tube
slid into the
stomach
After 18
months: ad-
mitted with
clogged inner
tube

After 1 year: 
Admitted
with halluci-
nations 
(good re-
sponse to
clozapine)

Unchanged 
private home 
care service

3 LD/BE, 
SR 100 mg
LD/BE
800 mg 
EN 1,600 mg 

  900 Dystonic pain
and cramps in 
“off”
Dementia
with confu-
sion in “off”

48/25 48 No morning
dose 
4.9 ml/hour 
as 24-hour
treatment
Bolus: 2 ml

2,352 + 261 “New life”
No dystonic
pain
Increased level 
of function
Less confused
Sleeps at night

None Mild halluci-
nations 
(demented 
patient)

Spouse

4 LD/CD 
400 mg 
LD/CD, SR 
1,000 mg 
Amantadine
200 mg

1,400 Reduced 
 effect of the 
medication
“Off” periods
with tremors 
Hyper kinesias 
Falls

37/25 32 Morning: 
4.0 ml 
Cont.: 
2.7 ml/hour 
Bolus: 7 ml

1,144 –18 Fewer hyper-
kinesias
Better gait
function
Fewer “off” 
periods

Secretion of 
gastric juice
because of 
hyperkinesias 
After 2
months: inner 
tube slid into 
the stomach
After 4
months: 
new tube with
new entry
Inner tube slid
out × 3

None Spouse +
unchanged
home care 
service

5 LD/CD/EN
800 mg 
Pram 
4.2 mg

1,080 Fluctuations
Hyper-
kinesias
Wearing-off 
“Bad 
thoughts”

37/24 35 Cont.: 
5 ml/hour 
24-hour treat-
ment because
of pain in legs 
Bolus: 3 ml

2,400 + 222 Fewer fluc-
tuations 
Less pain in 
the legs (can
walk to the
toilet at night)
Fewer hyper-
kinesias

After 4
months: inner 
tube occluded
After 5
months: inner 
tube slid out

None Spouse and 
now home 
care service

6 LD/CD,
SR 300 mg
LD/BE, 
Quick 50 mg
LD/BE
850 mg 
Apomorphine 
pump 
5.5 mg/hour

1,200
(+ apo-
morphine
= 1,760)
= 2,960

Sedation
Hyper kinesias 
Fluctuations

20/16 20 Morning: 
9 ml
Cont.: 
4.5 ml/hour 
Bolus: 2 ml

2,020 –53 Less sedation
Fewer 
fluctuations
Fewer hyper-
kinesias

None None Only spouse

7 LD/CD 
200 mg 
Pergolide 1
mg

300 “Off” periods
Fluctuations
Many hyper-
kinesias

43/35 19 Morning: 
2.4 ml 
Cont.: 
3.7 ml/hour 
Bolus: 1.5 ml

1,432 + 477 Stabilized 
Fewer 
hyperkinesias

Inner tube 
slid into the
stomach × 4
Admitted once 
with crack in
the tube

None Home care 
service
unchanged

TABLE 1
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– As morning dose: 80% of oral l-dopa equivalent
morning dose. 

– As continuous dose: 90% of the remaining days 
l-dopa equivalent dose spread over 16 hours. 

– As extra dose: Start with 1 ml (20 mg l-dopa).

All patients participated in a 4-7-day test period in which 
Duodopa was administered through a nasoduodenal test

tube and adjusted as needed. Upon observation of a
satisfactory effect during the test period, experienced 
surgeons at our Endoscopic Department inserted a
percutaneous endoscopic ga s trostomy (PEG) tube 
containing a jejunal inner extension, the point of which
was placed at the ligament of Treitz. The location of the
point of the inner tube in the duodenum was confirmed 
radiographically before the patient left the Endoscopic

TABLE 1

Table 1. Continued.

Pa-
tient

Daily medica-
tion before 
Duodopa

LD-equiv.,
mg/day

Most
common
complaints

UPDRS
III “on” 
before/
after
Duodopa

Reduction
in UPDRS
III “on”
after one 
month, %

Duodopa
doses

LD con-
sumption
per day, 
morning +
cont. + SR, 
mg/day

LD con-
sump-
tion,
change,
% Clinical effect Complications Side effects Help

8 Patient
decided
against PEG

9 LD/CD 
1,400 mg 
Pram 
2.1 mg 
LD/BE Quick
200 mg 

1,740 Periods
with tremor 
Gait problems
“Off” periods

38/17 55 Morning: 
9 ml
Cont.: 
5.9 ml/hour
Bolus: 4 ml

2,168 +25 No longer 
“walker” 
Mentally
better 
(no anxiety)

After 1 week: 
operated for 
acute peritoni-
tis (perforation
in the 
stomach)

None Spouse and 
home care 
service
unchanged

10 Apomorphine 
pump
5.5 mg/hour 
LD/CD 
400 mg 
LD/CD SR
100 mg

500 (+
apo-
morphine 
= 1,760)
= 2,260

Fluctuations
Sedation
Hallucinations

28/21 25 Morning: 
3 ml
Cont.: 
4.5 ml/hour
Bolus: 2 ml

1,600 –29 Fewer 
 fluctuations
No sedation
No hallucina-
tions

None None Spouse 
(home care 
service edu-
cated in use
of the pump)

11 Amantadine
150 mg 
LD/BE 
800 mg

800 mg Fluctuations
“Off” periods 
Hyperkinesias

58/41 29 Morning: 
5.7 ml
Cont.: 
2.3 ml/hour
Bolus: 0.5 ml

950 +19 Fewer 
 fluctuations
Fewer hyper-
kinesias 
Only “off”
 periods while
eating

Tube placed 
× 2 (in gene r-
alised anaes-
thesia)

None Spouse 
(home care 
service edu-
cated in use
of the pump)

12 Patient
decided
against PEG

13 Pram. 1.4 mg 
Tolcapone 
300 mg 
LD/BE 
375 mg

468 mg Low level of 
function 
Reduced ef-
fect of the
medication
Fluctuations
and hallucin-
ations

35/13 63 Morning: 
11 ml 
Cont.: 
5.4 ml/hour
Bolus: 3 ml

2,048 +438 Better gait
function 
The patient 
was now able 
to manage by 
himself 
Dancing

None Irritated skin 
around the
tube insertion 
site

Spouse, but 
less strain

14 LD/BE 
350 mg 
EN 1,400 mg 
Apomorphine 
pump
6.25 mg/hour 
+ 3.75 mg as 
bolus

350 mg
(+ apo-
morphine 
pump 
= 2,000)
= 2,350

Dystonic pain
and cramps,
especially at 
night 
Sudden “off”
periods

2/3 50
(worsen-
ing)

Cont.: 
5.5 ml/hour in
daytime 
From after-
noon:
5.7 ml/hour
At night: 
3.7 ml/hour
Bolus : 4 ml
24-hour treat-
ment

2,500 +6 Less dystonia,
but 24-hour
treatment 
necessary 
More stable

None None The patient
was now 
able to 
 manage by
himself 

EN = entacapone; LD/BE = levodopa, benserazid; LD/CD = levodopa, carbidopa; PEG = percutaneous endoscopic gastrostomy; Pram = pramipexole; SR = slow-release;
UPDRS III = Unified Parkinson Disease Rating Scale III.
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Department. The vast majority of patients were 
discharged one week after insertion of the permanent
tube. Prior to discharge, the patient along with his or her
relatives and home care nurses were trained in the
handling of the the pump by staff at the Department 
and a nurse from Solvay. 

After discharge, patients were followed at our 
Parkinson Day Hospital by a specialised Parkinson nurse
and/or physician at 1-2 month intervals as needed.

RESULTS
Two patients discontinued Duodopa treatment after the
test period at their own request. Three patients received
Duodopa as 24-hour treatment with good effect on
severe nocturnal dystonic pain. None of these patients
experienced the decrease in effect which might have
been expected due to continuous treatment (tolerance). 
No patients developed hallucinations. There was good
agreement between subjective and objective assess-
ments as well as video recordings.

For nine patients the total consumption of levodopa 
was significantly higher after changing to Duodopa; The 
mean increase constituted 199% (range: 6-477%). Three 
patients experienced a reduction in levodopa consump-
tion: 33% (range: 18-53%). Motor condition was stabil-
ised within the first month.

The mean reduction in the UPDRS III was 34% (from
85% improvement to 50% deterioration) (Table 1).
Quality of life assessment using the SF-36 demonstrated 
a reduction in the score of one patient from 118 to 74 
after one month and to 45 after two months (62% re-
duction). The maximum score (worst possible condition)
is 149. Another patient had scores of 81, 89 and 91, re-
spectively, representing a score increase; but during the 
test period, the patient was psychosocially burdened by
issues other than his PD.

Complications: One patient suffered from continued 
hyperkinesias causing secretion of large quantities of 
gastric juice, which irritated the skin around the tube 
 insertion site and resulted in several tube shifts.

In two patients, the inner tube slipped out. One pa-
tient underwent surgery for acute peritonitis one week 
after PEG because the tube had perforated the stomach.
The tube was not replaced, as the patient died some
months after surgery. The cause death was unrelated
to the surgery. In three patients, the tube slid into the
stomach, leading to reduced and more varying medica-
tion effects. The tube was returned to its correct po-
sition at our Endoscopic Department under X-ray 
 guidance. 

DISCUSSION
All twelve patients experienced significant improve -
ment after switching to Duodopa treatment. Most

patients described a decrease in motor fluctuations
(six patients) and dyskinesias (five patients) and im -
proved gait function (five patients) (Table 1). These 
findings are in accord ance with the results achieved by 
other groups [9-11]. A total of four patients reported 
reduced dystonic pain. This symptom is not scored in
the UPDRS III. 

The total consumption of levodopa per day in -
creased significantly in most patients, while their hyper-
kinesias simultaneously decreased. This phenomenon 
 in dicates that it is the pulsatile stimulation of dopamine 
receptors by oral medication that causes motor compli-
cations rather than the total quantity of medication per
day. Pulsatile stimulation up-regulates the glutamate 
 receptors in the postsynaptic GABAergic neurons in the
striatum, which overstimulates the neurons leading to 
dysfunction and dyskinesia [12-14].

The efficacy of Duodopa was unchanged in the
 follow-up period. Several patients’ doses were reduced
by approximately 5% at follow-up, as also described in 
other studies [15]. 

We have currently evaluated 25 patients for Duo-
dopa. Treatment is costly and a specialist task. It should
therefore only be offered at main centers for Parkinson’s
patients in Denmark. It is important that the treatment 
team comprises neurologists, gastroenterologists, nur-
ses as well as an outbound contact to cooperate in the 
care of the patient. Thorough training of the patient and
any relatives and caregivers is important to ensure that
everyone feels capable of handling the pump after dis-
charge. 

 The average daily treatment cost (DDD) for Duo-
dopa is 339 DKK (a Euro is approximately equivalent to
7.5 DKK) including the pump. Apomorphine treatment 
costs are 102 DKK per day plus an additional pump cost
of 12,850 DKK, and the cost of tubing, needles, etc. is
2,000 DKK. DBS is associated with one-off costs in the 
order of 250,000 DKK, to which should be added the
cost of battery change every 4-5 years (80,000 DKK).
Under the assumption of a long life expectancy, DBS is 
the most inexpensive of the three treatment options
currently available.

Conversely, Duodopa treatment is associated with 
substantial savings owing to fewer hospital admissions,
a reduced need for home care and personal assistance
services as well as residential care facilities and finally 
less strain on the spouse and other family members. It is 
well-documented [16] that motor complications such as 
nocturnal akinesia and dyskinesias affect quality of life 
substantially.

CONCLUSIONS
Duodopa pump treatment is an expedient offer for
selected patients with advanced PD who have experi-
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enced unsatisfactory effect of oral treatment, and for
whom the DBS and apomorphine pump treatment are
not possible. The disadvantages of being “tied” to a 
rather bulky pump, and any stomach tube discomfort 
experienced were clearly outweighed by Duodopa’s 
symptom-relieving and stabilising effect with few side 
effects, but the risk of surgical complications, especially
in the form of peritonitis, should be taken into con-
sideration. Duodopa pump treatment is difficult to 
implement successfully without the assistance of a care 
system based on home care or relatives. Further tech -
nical development leading to a smaller pump and an 
optimized PEG-tube system is desirable.

In the light of the positive results, it would be ex-
pedient to offer Duodopa pump treatment to fluctuating 
PD patients earlier in the disease course.
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