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Complications

ÂFluctuations and dyskinesias - young

ÂPsychiatric problems - elderly

ÂPostural instability, falls - elderly

ÂSpeech / swallowing problems



Response to L-Dopa: >5 

years
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Fahn: Adverse effects of levodopa. 1992



Age, dyskinesias & fluctuations

0

10

20

30

40

50

60

70

80

90

100

Dyskinesias (young-

onset)
Dyskinesias (older-

onset)
Fluctuations (young-

onset)
Fluctuations (older-

onset)

543210.5 (years)

%

(from Kostic 1991)

0



Motor fluctuations -

mechanisms 

ÂBasic problem is short half life of 

Levodopa

Ã60 ï90 minutes

ÂEarly disease ïneurones óbufferô

ÃDopamine stored & available for later 

release

ÂAdvancing disease ïneurones decline

ÃLoss of buffering

ÃReliance on plasma L-dopa



Smooth response ïindividual doses not noticed

Aware of individual dose effects.Worse if dose 

missed / delayed

óRunning downô ïready for next dose

Decreasing duration of effect

Unpredictable fluctuations



Sign / symptom óOnô óOffô

Parkinsonism Improved Worsened

Choreoathetosis Present Absent

Dystonia Present óOffô dystonia

Sensory Warmth Pain, paraesthesia

Cognition Confusion Confusion, 

slowness

Mood Normal, euphoria Depression, 

anxiety

Autonomic Diaphoresis

Hypotension

Diaphoresis

Hypotension

Urinary hesitancy

Respiration Dyspnoea

(respiratory dyskinesia)

Dyspnoea

(chest wall stiffness)



Treatment of complications

1. Levodopa

ÂManipulate dosage

ÂModify pharmacokinetics

ÃDietary manipulation

ÃMAOB inhibition

ÃCOMT Inhibition

ÂModify pharmacodynamics

ÃAmantadine



Treatment of complications

2. Other options

ÂPartial substitution of dopamine agonist

ÂNovel drug delivery

ÃApomorphine

ÃDuodopa

ÂSurgery



Management of motor 

fluctuations

ÂManipulate L-dopa dosage: ófractionateô

ÃMaintain same total daily dose

ÃGive multiple smaller individual doses



Fractionating doses



Fractionating doses



ÂModify L-dopa absorption

ÃPreprandial dosing 

ÃDispersible levodopa

ÃDietary manipulation

ÂProtein restriction to 40g.

ÂRestrict most protein intake to the evening

ÃCR dopa

Pharmacokinetic manipulation 1



Pharmacokinetic manipulation 2

ÂReduce metabolism: enzyme inhibition
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MAOB Inhibitors: Rationale

Â Inhibition of MAOB in glial cells and 

neurones

ÂLack of MAOA action avoids ócheese 

effectô from dietary tyramine 

(selegiline dose <=10 mg. /day)

ÂMAOB more abundant than MAOA in 

basal ganglia



Selegiline

Â10mg. dose inhibits 90% of brain MAOB

Â Increases striatal dopamine by 40-70%

ÃNo effect on 5-HT, NA

ÂEvidence base for use as adjunct in 
advanced PD is poor ïmainly open label, 
short term studies from 1980s

ÂAdverse effects include nausea, 
confusion, hallucinations, orthostatic 
hypotension, dyskinesia, insomnia 



Zydis selegiline

ÂBuccal absorption ïavoids first-pass 

metabolism

ÂLower dose (1.25 mg.): less amphetamine 

like metabolites

ÂDecreased off time by 1.6 hours / day 

without increase in dyskinesia compared 

to placebo (2.5 mg. dose)

Â20% reduction in l-dopa v 10% placebo



Rasagiline

Â10 ï15 fold more potent than selegiline 

ÂNo metamphetamine metabolites or 

sympathomimetic activity

ÂMajor metabolite 1-(R)-aminoindan has 

favourable pharmacological activity

ÂTwo major adjuvant trials ïPRESTO and 

LARGO 





ADAGIO: what does 1.7 UPDRS units less 

disease progression mean for clinical practice?
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¸ The ódisease-modifyingô effect of 

1.7 UPDRS units corresponds to 

38% less clinical progression 

than the 

delayed-start group

9 months

¸ The 1.7 UPDRS difference 

is a result of only 9 

months difference 

between 

delayed- and early-start 

¸ ADAGIO enrolled patients with very early PD (4.5 

months), low UPDRS baseline score (20.4), and with 

relatively slow UPDRS progression (6.2 units/year)

Olanow et al. N Engl J Med 2009; 361: 1268



PRESTO

ÂMulticentre, placebo-controlled, double-
blind, parallel group study

Â472 patients with at least 2.5 hours daily 
off on optimum treatment

ÂRasagiline 1.0 mg. v 0.5 mg. v placebo

ÂMain outcome: change in off time from 
baseline over 26 weeks

ÂL-dopa dosage held steady for last 20 
weeks



PRESTO: results



PRESTO: results

Â Significant improvements in UPDRS:

ADL during off time

Motor performance during off time 

ÂMean reduction in off time:

1 mg rasagiline = 1.85 hours  (29%)

0.5 mg rasagiline = 1.41 hours (23%)

Placebo = 0.91 hours (15%)

1 mg rasagiline resulted in a reduction in off 

time of 0.94 hours /day (0.51-1.36) v placebo



PRESTO: adverse events
Event Placebo Rasagiline 

1 mg

p value

Weight loss 2.5% 9.4% 0.02

Vomiting 1.3% 6.7% 0.03

Anorexia 0.6% 5.4% 0.04

Balance 

difficulty

0.6% 3.4% 0.19

Dyskinesia 10% 18% 0.03



LARGO

Â18 week double-blind multicentre placebo 

controlled trial

Â Included entacapone arm

Â1 mg rasagiline v 200 mg entacapone with 

each dose of l-dopa v placebo

ÂL-dopa dose held constant for last 12 

weeks



LARGO: results
ÂMean reduction in off time (v placebo):

Rasagiline =  0.78 hours, p=0.0001

Entacapone= 0.80 hours, p<0.0001

ÂMean increase in on time without 
troublesome dyskinesia:

Rasagiline =  0.82 hours, p=0.0005

Entacapone= 0.82 hours, p= 0.0005



LARGO: adverse events

ÂNo excess dopaminergic adverse events v 

placebo for either active treatment: no 

increase in dyskinesia

ÂPostural hypotension in 2% in both active 

treatment groups



Rasagiline as adjuctive therapy

ÂReduces off time by 48 ï56 minutes /day

Â Increase on time without dyskinesia

ÂWell tolerated

ÂSimilar efficacy and tolerability to 

entacapone 
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COMT inhibitors

ÂHalf-life of levodopa = 60 ï90 minutes

ÂCOMTIs delay breakdown of levodopa

Â Increase levodopa bioavailability

Â Produce more stable plasma concentrations

ÂCombine rapid onset of action of levodopa with 

prolonged efficacy

Â Entacapone: peripheral action, 

Â Tolcapone: peripheral and central action





Mechanism of action ïCOMT inhibitors

COMT - catechol-O-methyltransferase 

3-OMD ï3-O-methyldopa

3-MT - 3-methoxytyramine

HVA - homovanillic acid

CNS - central nervous system

AADC - amino acid decarboxylase 

DDC - dopa decarboxylase

MAO-B - monoamine oxidase type B 

DOPAC - dihydroxyphenylacetic acid

Tolcapone

Tolcapone & 

Entacapone



Plasma levodopa concentration 

with & without a COMT inhibitor
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Entacapone

ÂExtends half-life of levodopa by 85%

Â Increases area under the curve of by 50%

ÂExtends efficacy of levodopa by 30-60 
minutes 

ÂOn time increased by 1 ï1.7 hours

ÂCochrane review

ÃOff time decreased by 41 minutes

ÃOn time increased by 1 hour 1 minute

ÃLevodopa reduced by 55mg. / day



Entacapone

ÂWorks with standard and CR levodopa

ÂOff time reduced even when patient on DA

ÂNo changes in pharmacokinetic and 
pharmacodynamic properties of 
apomorphine

ÂEvidence for effect in non-fluctuating, 
advanced PD

ÃUPDRS motor improved by 2.5, ADL by 1.0

ÃCGI and HRQOL scores improve



Entacapone: adverse effects

ÂMain side effect is dyskinesia

ÃWorse if pre-existing dyskinesia or high dose 

of levodopa

ÃCan be managed by   l-dopa by 10-30%

ÂDiarrhoea in 6-10% of patients, occurs 2-

12 weeks after initiation

ÂNausea, dizziness, somnolence, 

abdominal pain, discolouration of urine



Tolcapone

ÂExtends half-life of levodopa by 10-80%

Â Increases area under the curve of by 30-

80%

ÂOn time increased by 2 ï3 hours in trials

ÂCochrane review

ÃOff time decreased by 1hour 32 minutes

ÃOn time increased by 1 hour 38 minute

ÃLevodopa reduced by 156mg. / day



Tolcapone

ÂLaunched 1997, withdrawn 1998, 

reintroduced 2005

ÂCentral as well as peripheral action ï

importance uncertain

Â100mg or 200mg tid



Tolcapone: adverse effects

ÂMain side effects are dopaminergic as per 
entacapone

ÂDyskinesia in 25-62%

ÃCan be managed by   l-dopa by 10-30%

ÂDiarrhoea in 13-26% of patients: treatment 
withdrawal in 4-8%

ÂNausea, dizziness, insomnia, somnolence, 
confusion, hallucinations, discolouration of 
urine etc.



Hepatic toxicity

ÂMechanism unknown - ?uncoupling of 

oxidative phosphorylation

Â>=3 fold increase in transaminases in 

1.3% (100 mg) and 3.7% (200 mg)

ÂNormalise within 2-3 weeks of 

discontinuation

ÂOccurs from 6 weeks ï6 months



Hepatic toxicity

Â3 cases of fulminant hepatitis by 

withdrawal in 1998 ïnon properly 

monitored

Â In US since strict monitoring introduced

Ã >80,000 patients treated

Ã0.01% serious liver problems, no fatalities



Tolcapone: usage in practice

Â Second line for entacapone failures

Â 100 mg tid 

Â LFTs before, 2 weekly for 1 year, 4 weekly for 
next 6/12, 8 weekly thereafter

Â Stop if no significant benefit within 3 weeks

ÂDonôt start if two transaminase levels >normal

Â Stop if AST or ALT exceed upper limit of normal



Entacapone v Tolcapone
Off 

decrease

On 

increase

Levodopa 

decrease

Entacapone 41 m 1 h 1 m 55 mg

Tolcapone 1 h 32m 1 h 38 m 156 mg

Cochrane review

Side effects simlar ïtolcapone causes more and 

more severe diarrhoea + need for LFT monitoring



Direct comparisons

ÂComparison of two open label extension 

trials suggested tolcapone more effective
Â Factor SA, Molho ES et al. Clin Neuropharm 

2001;24:295-299




