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Algorithms for the treatment of motor problems in Parkinson’s
disease
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Several different strategies are effective for medical treatment of motor problems in
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Parkinson’s disease (PD). Many guidelines and evidence-based reviews are available,
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but there is no documentation or consensus in favor of just one treatment strategy.
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This review presents two algorithms that may be helpful when deciding how to treat a
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treat PD from the first onset of motor symptoms. It is largely based on treatment rec-

PD patient at various stages of the disease. The first algorithm suggests one way to
ommendations from the Scandinavian countries and Germany. The other algorithm is
meant as assistance for choosing among the different device-aided treatments for advanced PD. There is not sufficient comparative data to recommend one particular line
of treatment, neither in early PD nor in advanced disease with motor complications.
Individualized treatment is needed for each patient. The current algorithms only represent an alternative for aiding treatment decisions.
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1 | INTRODUCTION

on various points, and many questions are left open. Especially, for

Parkinson’s disease (PD) is a neurodegenerative disorder causing

allow for evidence-based recommendations of only one alternative.

many treatment options there are not sufficient comparative data to

cell death in dopaminergic neurons in the Substantia nigra, but also

This review presents one possible strategy for medical treatment of

in neurons in several other brain stem nuclei and in the cerebral cor-

motor problems in PD. It is written with special reference to the treat-

tex.1 Typically, the patients may have a combination of motor and

ment recommendations from the Scandinavian countries (Denmark,14

non-motor symptoms even when PD is first diagnosed.2 Typical motor

Norway,16 Sweden 19) and Germany,18 but represent the personal view

problems used to make a clinical diagnosis are hypokinesia/bradyki-

of the authors. Also non-motor symptoms represent a major health

nesia with resting tremor and/or rigidity. With time, postural changes

problem for many PD patients.20 Some of these symptoms may re-

3

spond to standard PD therapies, while more specific treatments are

Dopaminergic treatment can alleviate motor symptoms for some time,

needed for many others. We have not included non-motor treatments

but motor fluctuations may appear even at early stages of the dis-

in this review because such therapies are under investigation, but so

and especially gait-related problems may often be troublesome.

4

ease. Therefore, most treatment strategies also aim at delaying the

far less documented in PD patients.21

evolvement of motor fluctuations as long as possible. Various treatment recommendations and guidelines are available, from individual
authors and from national and international associations and specialist

2 | INITIAL TREATMENT

groups.5-19 Some of these are evidence based, like the recently published national guidelines from Germany and Sweden,18,19 while many

Unfortunately, no effective neuroprotective treatment for PD is avail-

others are based on consensus in expert groups. The guidelines differ

able today. The DATATOP study22 found that the use of selegiline
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delays the need for levodopa in early PD, but most investigators have

have assessed whether delayed addition of levodopa is better than an

interpreted this as a symptomatic effect caused by MAO-B inhibition

early combination of dopamine agonist and low doses of levodopa. It

that delays dopaminergic elimination from dopaminergic synapses.

is also unclear whether initiation of the therapy with a dopamine ago-

However, two randomized double-blind long-term Scandinavian stud-

nist gives a long-term benefit concerning development of dyskinesias,

ies comparing selegiline to levodopa in early PD found that patients

lasting also after levodopa has been added to the therapy. A recent

receiving placebo needed progressively higher doses of levodopa than

long-term open-label study found very small, but persistent benefits

patients receiving selegiline.23,24 This progressive increase in difference

in patient-rated mobility scores when PD treatment was initiated with

between the groups is difficult to explain only by symptomatic mecha-

levodopa compared with dopamine agonist or MAO-B inhibitor.32

nisms, and a disease-modifying effect was proposed in both studies,

The use of dopamine agonists may also be somewhat limited by

but has not been widely accepted internationally. Furthermore, the

the side effects. Hallucinations, somnolence and leg edema are more

results of the ADAGIO study, which was a double-blind delayed-start

common with some agonists than with levodopa,30,31 and ergot de-

trial of rasagiline in early PD, indicated a disease-modifying effect of

rivative dopamine agonists may cause retroperitoneal, pleuropulmo-

a dose of 1 mg per day, but not of 2 mg.25 Like selegiline, rasagiline

nary and heart valve fibrosis.33 In addition, there has been increasing

is a MAO-B inhibitor with symptomatic effect in PD. The interpreta-

concern about impulse control disorder (ICD), such as gambling, com-

tion of the ADAGIO results has been questioned,26,27 and there is no

pulsive sexual behavior, compulsive buying and/or binge-eating. In a

international consensus to use rasagiline as a neuroprotective drug.

large cross-sectional study, Weintraub et al.34 identified ICD in 17.9%

The open-label 3-year ADAGIO follow-up study failed to demonstrate

of PD patients taking a dopamine agonist, but only in 6.9% of other

28

In spite of

PD patients. Other investigators reported that as much as 39% of PD

this, because these MAO-B inhibitors have a definite, but small symp-

patients using agonists fulfilled clinical criteria for ICD,35 while a re-

tomatic effect, and because a potential disease-modifying effect has

cent study found that, compared to controls, the odds ratios of having

not been entirely excluded, we recommend starting treatment with

impulsive or compulsive behaviors were 7.4 in PD patients taking do-

either selegiline 10 mg per day or rasagiline 1 mg per day once the

pamine agonist without levodopa, 4.6 in those treated with both do-

diagnosis has been made.16 However, for older patients (eg above

pamine agonist and levodopa, and 1.2 those taking levodopa alone.36

75 years of age) MAO-B inhibitors may not be indicated because of a

Even though most of these patients and caregivers do not consider

shorter life expectancy (not time enough time to benefit from a slight,

ICD as a serious problem, the risk of ICD must be considered each

possible effect on disease progression) and a potentially increased risk

time when deciding how to start dopaminergic treatment. It appears

of adverse effects. Both the new German and Swedish guidelines give

that ICD is somewhat more common on oral pramipexole and ropini-

MAO-B inhibitor treatment high priority as one of several options for

role than on transdermal rotigotine.35,37

long-term benefits of early-start rasagiline treatment.

initial treatment,

18,19

but the German guidelines stress that a possi-

Dopamine agonists should be used with some caution, but delay-

ble disease-modifying effect of MAO-B inhibitors is still unclear. They

ing motor complications is considered so important that the treatment

recommend that these medications should not be introduced if pos-

recommendations suggest starting symptomatic treatment with a non-

sible disease modification is the sole indication.18

ergot dopamine agonist, at least in “younger” patients (eg age <70-
75 years, ie patients with a life expectancy long enough to have a high

3 | SYMPTOMATIC TREATMENT

risk of developing motor fluctuations on levodopa).14,16 However, because levodopa is the most potent option for symptomatic treatment,
it is possible that an early combination of a non-ergot dopamine ago-

Dopaminergic drugs (levodopa and dopamine agonists) are the most ef-

nist and a low dose of levodopa (up to 3-400 mg/day) will prove to be

fective symptomatic treatments. We have no reason to believe that

an even better strategy. Levodopa is the only drug with highest priority

withholding dopaminergic treatment is beneficial. Therefore, we recom-

for initial treatment in the new Swedish guidelines,19 but the German

mend that such treatment should be started when the patient experi-

recommendation is to use the lowest possible effective dose.18

14,16,18,19

ences bothersome symptoms.

However, how the symptomatic

If the initial symptomatic therapy over time shows to be insufficient,

treatment should be started is less clear. The evidence-based German

it is recommended to increase the dose, whether treatment was started

and Swedish guidelines have given high priority to three different op-

with a dopamine agonist or with levodopa. If satisfactory effect is still

tions of early symptomatic treatment—levodopa, dopamine agonist and

not achieved with one dopaminergic drug, levodopa-agonist combina-

MAO-B inhibitor,18,19 with a somewhat lower priority to early combina-

tion therapy is recommended.14-16 Based on the discussion above, an

tion treatment with MAO-B inhibitor and levodopa.19 There is no doubt

earlier introduction of combination therapy may be beneficial. An algo-

that levodopa is the most potent oral drug, but most patients on levo-

rithm showing a possible strategy for treating PD is shown in Figure 1.

dopa develop motor fluctuations over time, at least with daily doses
of 600 mg and above.29 Motor fluctuations are much less common on
dopamine agonist monotherapy, and compared to levodopa monother-

4 | TREATING MOTOR COMPLICATIONS

apy, the occurrence of motor fluctuations seems to be delayed when
treatment is started with a dopamine agonist and levodopa is added

After some years of dopaminergic treatment, and especially levo-

only when more potent treatment is needed.30,31 However, no studies

dopa, many patients develop motor complications like wearing-off
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Idiopathic PD
For slight symptom relief
(+ disease modification?)
Try MAO-B-inhibitor
Functional disability?

Wait
No

Yes

Alternative route
Dopamine agonist
<70-75 years

If no adverse effects:
Increase dose

Alternative route
Levodopa
Up to 400 mg/day

If agonist contraindications:
Increase dose

Early combination therapy
Agonist + Levodopa 3-400 mg/day

Combination therapy
Agonist/Levodopa
Motor fluctuations:
Add COMT-inhibitor

Insufficient effect
(drug resistant tremor)

Disabling dyskinesias:
Try Amantadine

Uncontrollable motor
complications

Consider device-aided therapy
See separate algorithm

and dyskinesias.38 Motor fluctuations may have different pathophysiological causes, but treatment strategies aiming at less pulsatile dopa-

F I G U R E 1 Algorithm for medical
treatment of PD. Originally based on the
Norwegian treatment recommendations,16
but with several modifications made by
the authors. [Correction added on 19 April
2017, after initial online publication: In the
bottom right frame of Figure 1, the name
of the therapy mentioned was previously
incorrect and it has been corrected in this
version.]

5 | DEVICE-A IDED TREATMENT OPTIONS

minergic stimulation may be beneficial.39 The use of smaller and more

Device-aided interventions should be considered if the above-

frequent doses of levodopa may help. MAO-B inhibitors prevent the

mentioned strategies are not sufficient for controlling motor compli-

breakdown of dopamine, and catechol-O-methyltransferase (COMT)

cations, or if the patient has motor symptoms that do not respond

inhibitors reduce the metabolism of levodopa, extending its plasma

sufficiently to standard oral treatments. The current device-aided op-

half-life. Both treatments may thus prolong the action of levodopa

tions are continuous subcutaneous apomorphine infusion, continuous

and may be used against wearing-off and other motor fluctuations. If

jejunal infusion of levodopa-carbidopa intestinal gel (LCIG), and deep

the patient is already using a MAO-B inhibitor when motor complica-

brain stimulation (DBS). Additionally, apomorphine injections sc with

tions evolve, addition of a COMT inhibitor is recommended.16,19

portable pens can be considered as a demand treatment for patients

Bothersome peak-dose dyskinesias may improve with dose reduc-

with troublesome off-periods.18,19

tion, but with a risk of impaired symptom control and increased off-

DBS is best documented, with highest priority in the German

time. Amantadine treatment may be an alternative. The anti-dyskinetic

and Swedish guidelines.18,19 DBS is safe and effective, also for

effect of amantadine is well documented,40,41 and amantadine has
been recommended against motor fluctuations and dyskinesias.

14,18

However, this drug is not readily available in all countries and was
therefore not included in the Norwegian guidelines.16

long-term treatment.43-46 In most centers, the subthalamic nucleus
(STN) is the preferred target for treating motor complications in PD.
STN-DBS may reduce all cardinal motor symptoms of PD, as well as
motor fluctuations and dyskinesias.47 One study has claimed that

Safinamide, a MAO-B inhibitor that also has other pharmacologi-

DBS of the internal segment of globus pallidus (GPi) is equally effec-

cal actions, has recently been introduced as a new option for treating

tive,48 but the effect of STN-DBS reported in that study was clearly

motor fluctuations in mid- and late-stage PD.42 Safinamide reduces

inferior to what is usually seen.47,49 Another recent randomized

off-time in a similar way like the other MAO-B inhibitors. An anti-

study has confirmed that motor symptoms and function improve

dyskinetic effect of safinamide has been suggested, but so far not

more after STN-DBS than after GPi-DBS and that there are no dif-

demonstrated. The Swedish guidelines gives amantadine and safi-

ferences in psychiatric and social outcome between the two tar-

namide a lower priority, but lists them as possible add-on therapies

gets.50,51 Adverse effects may be related to the surgical procedure,

for patients that experience motor complications in spite of optimized

to the implanted hardware, or to the stimulation.47 Implant infection

dopaminergic therapy.

19

is most common, seen after 5.6% of the procedures in our material
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from Oslo.52 In many of these patients, parts of the implanted system have to be temporarily removed and DBS treatment stopped
for some months, while the infection is treated. However, severe
side effects are rare, and we have found a 3-year survival of 97%.53
Pre- or post-operative symptomatic intracerebral hematomas have
been reported in 0%-1.3% of cases from different studies.54 Less
severe side effects include balance and gait problems, which have
been reported in 8.2%-13.7% of patients in randomized controlled
trials and dysarthria in 5.8%-10.3%.54
There has been special concern about psychiatric and cognitive
side effects. Especially, a higher frequency of suicide ideation and suicides has been reported after DBS, but is still not entirely clear.55,56
Pooled data show increased scores for depression and hypomania, but
at varying degrees.54,57 As concerns cognitive decline, a recent meta-
analysis of controlled studies concluded that STN-DBS is relatively
safe, but that slight cognitive changes may occur, especially in executive function and verbal fluency.58 In a broad neuropsychological test
program, we only found that STN-DBS may be associated with slight
personality changes in the direction of increased impulsivity.59
Levodopa-carbidopa intestinal gel infusion is also safe and well
documented, with a good long-term effect on PD motor symptoms
and reduced risk of motor fluctuations.60-64 Most adverse effects are
device-related. Some patients may experience increasing dyskinesias,64 but optimized LCIG infusion may also be used to treat troublesome dyskinesias.65 Safety data from four prospective studies were
recently integrated to assess the safety of LCIG infusion after median
911-day treatment.66 The most frequently reported procedure/device
adverse events were complications of device insertion and abdominal pain, considered serious in 17% of the patients. Most of the non-
procedure/device events were typical for levodopa treatment and an
elderly population. However, severe acute or subacute polyneuropathy has been reported in some patients.63,67 Adverse events led to
discontinuation in 17% of the patients, most frequently because of
complication of device insertion. The authors concluded that LCIG infusion is a treatment with high efficacy and relatively low discontinuation rate in patients with advanced PD.66
Apomorphine pump is the least documented of the device-aided
treatment options, but is also the least invasive method. Long-term
data are sparse, and it appears that the dropout rate is often higher
than for the other advanced therapies.68 However, also this method
is safe and effective in patients with bothersome motor complications,69-71 reducing off-time and improving dyskinesias. Skin complications at the infusion site are among the most common adverse
reactions, as are dopamine agonist side effects like neuropsychiat-
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6 | SELECTION OF ADVANCED
TREATMENT
A few observational studies have tried to compare two different advanced therapies.68,74 However, at present no direct comparative
data support the use of one device-aided therapy over another. An
evidence-based review has been published, but this only provides
recommendations as to which patients could be candidates for each
of the device-aided treatments, and it can only to some extent help
choosing one single therapy for a particular patient.75 Both indications
and contraindications may limit the available options. It is also important to remember that non-motor symptoms may play a major role
for each patient, and these must be taken into consideration before
choosing a device-aided treatment. However, because few studies
have assessed the effects on non-motor symptoms, such symptoms
should not be a decisive reason for recommending one therapy.75
Good clinical response to levodopa is a prerequisite for all therapies, except in patients with drug-resistant tremor who may respond
well to DBS. High age (>70-75 years) is a relative contraindication,
while cognitive impairment and previously severe or ongoing psychiatric symptoms are absolute contraindications against DBS because
of the risk of worsening these conditions. Cerebrovascular and other
brain and systemic diseases may also represent contraindications
against brain surgery. LCIG and apomorphine pump treatment can be
performed on patients with mild cognitive impairment, but severe dementia is considered a contraindication against all device-aided therapies. Patients on pump treatments will usually also need regular social
support, and absence of such support might constitute a relative contraindication for these therapies. Drug-induced psychiatric side effects
may be a contraindication against apomorphine, while intestinal disease and contraindications for abdominal surgery count against LCIG.
A more detailed review of frequent questions and contraindications
related to device-aided treatments has recently been published.54
Availability and reimbursement issues may be a problem in some
countries. However, in patients where two or all three device-aided therapies are both eligible and available, a risk-benefit analysis must be performed. The choice of advanced therapy is probably best performed by
a team of healthcare professionals with experience of all three advanced
therapy options.19 It is important to decide which treatment is most likely
to relieve the patient’s most bothersome problems and restore daily
functions. The patient should be well informed about all available options, to play a major part in decision making. A crude algorithm that may
help choosing device-aided treatments is shown in Figure 2.

ric changes, somnolence and orthostatic hypotension. Data after
6 months treatment from a recent prospective study showed a significant increase in health-related quality of life, but only 100 from

7 | DISCUSSION

142 patients remained on apomorphine treatment.72 Also a recent
retrospective study of long-term efficacy showed that continuous

Almost fifty years after levodopa came in widespread clinical use,

apomorphine infusion has a good effect on motor fluctuations and

this drug is still a cornerstone in our treatment of motor symptoms in

dyskinesias, but three quarters of the patients discontinued within the

PD. However, there is still no consensus on exactly how such treat-

first four years, with decreasing therapeutic effect as the main reason

ment should be administered. Evidence-based reviews conclude that

for discontinuation.73

there are different well-documented treatment strategies, but there is
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It is also important to remember that medication is only one part of

Therefore, it is important to treat each patient individually. Focus

PD treatment. Information, various forms of social and practical sup-

should be put on which symptoms—motor as well as non-motor—that

port, physical exercise and balance training may be important. Besides,

are most bothersome to the patient in each stage of the disease. The

a multidisciplinary approach is recommended,19 with various kinds of

algorithms presented here are only meant as support, listing just one

health professionals collaborating with patient, family and other care-

alternative decision process for treating motor problems, and they

givers to obtain the best, individualized approach. Team-based rehabil-

should therefore be applied with caution.

itation should be considered for the patients.19

Idiopathic PD
No device-aided option
Continue oral therapy

Pronounced dementia?
yes

no

Severe drug-resistant tremor?

DBS

no
No device-aided option
Continue oral therapy

yes

Levodopa effect?
no

No device-aided option
Continue oral therapy

yes
Motor fluctuations?

no

yes

Mild/moderate cognitive impairment?
no

LCIG/APO-pump
yes
LCIG/APO-pump

Age >70-75 years?
no

yes

Significant depression?
no

LCIG/APO-pump
yes
LCIG/APO-pump

Other current/previous psychiatric disease?
no

yes

Disabling dyskinesias?
no

DBS 1st choice
yes

Drug-induced hallucinations?
no

DBS (or LCIG)
yes
DBS 1st choice

Support from caregivers?
yes

no

LCIG/APO-pump

Surgical contraindication for brain surgery?
no

yes

Surgical contraindication for abdominal surgery?
no

DBS or APO-pump
yes

Different options are available.
Consider individual risk/benefit for each alternative

F I G U R E 2 Algorithm for the choice of
device-aided treatment. Originally based on
Odin and Nyholm,76 but with modifications
made by the authors. [Correction added
on 19 April 2017, after initial online
publication: In the upper left frame of
Figure 2, the name of the therapies
mentioned were previously incorrect and
these have been corrected in this version.]
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