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ABSTRACT

Objective: The mode of drug delivery can be 
an important consideration in optimizing drug 
therapy, as it can affect treatment compliance 
and outcomes. It is particularly important 
to develop optimal drug formulations for 
chronic diseases or conditions in the elderly 
for which treatment compliance is known to 
be low. In this review, the features and benefits 
of transdermal formulations for treating 
neurologic conditions in elderly patients are 
described.

Data Sources: English-language articles 
were identified by searching MEDLINE in 
November 2010 (there were no search 
parameters on date of publication) using the 
search terms transdermal patch, transdermal 
system, neurology, rivastigmine, rotigotine, 
selegiline, lidocaine, capsaicin, compliance, and 
neuropathic pain. 

Data Selection: Articles describing the 
development, use, efficacy, and safety of 
licensed transdermal patch treatments for 
neurologic conditions that affect the elderly 
were included.

Data Extraction: The features of transdermal 
systems and comparisons between 
transdermal and oral formulations for the 
treatment of specific neurologic conditions in 
elderly patients were reviewed.

Data Synthesis: There are 5 transdermal patch 
systems currently available for neurologic 
conditions in adults: rivastigmine, rotigotine, 
selegiline, lidocaine, and capsaicin. These are 
all modern formulations in matrix patches, 
developed to provide appropriate drug 
dosage in an acceptable and well-tolerated 
form.

Conclusions: Transdermal patches can offer 
benefits to patients over oral formulations 
in terms of ease of use, simple treatment 
regimens, avoidance of the first-pass effect, 
and avoidance of high maximum plasma 
concentrations with rapid changes in drug 
levels, without the invasive procedures 
associated with intravenous treatment.
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The mode of drug delivery can be an important consideration in prescribing 
drugs, and different routes may benefit the pharmacokinetic profile of 

the drug or the disease or condition. Transdermal patch delivery systems 
have been developed for several drugs used in the treatment of neurologic 
conditions and may provide practical and pharmacokinetic advantages over 
oral drug administration.1 Drug formulation can also affect the acceptability 
of treatment to the patient in terms of ease of use and tolerability. These 
factors can in turn greatly affect treatment compliance and hence treatment 
outcomes. It is particularly important to develop appropriate treatment 
formulations and modes of therapy for diseases or conditions that mainly 
affect the elderly, as they are more likely to have several coexisting conditions 
and to be taking multiple concomitant medications. In this review, we describe 
the features and benefits of transdermal formulations for treating neurologic 
conditions in elderly patients. 

Method

In November 2010 (there were no search parameters on date of publication), 
English-language articles describing the development, use, efficacy, and safety 
of licensed transdermal patch treatments for neurologic conditions that affect 
the elderly were identified by searching MEDLINE. The following search terms 
were used: transdermal patch, transdermal system, neurology, rivastigmine, 
rotigotine, selegiline, lidocaine, capsaicin, compliance, and neuropathic pain. 

We discuss the use of the 5 transdermal patch delivery systems available for 
the treatment of neurologic conditions in adult populations. These include the 
rivastigmine patch for the treatment of mild to moderate Alzheimer’s disease 
and Parkinson’s disease dementia,2 the rotigotine patch  for the treatment of 
Parkinson’s disease and restless legs syndrome,3 the selegiline transdermal 
system for the treatment of major depressive disorder,4 and the lidocaine 
5%5 patch and capsaicin 8%6 patch for the relief of pain from postherpetic 
neuralgia (Table 1).

transderMal ForMulations

Desirable Features of a Transdermal Patch
Modern transdermal patch systems are developed to provide appropriate 

drug dosage in an easy-to-use formulation that is acceptable to the patient 
and the caregiver. To achieve these goals, the matrix-type patch is frequently 
employed, as these patches are small and thin compared to the older and 
less discreet reservoir-type patches and adhere better to the skin. The matrix 
system comprises 4 main components: a colored backing layer; an acrylic 
matrix containing the drug, antioxidants, and an acrylic polymer mixture; a 
silicone matrix adhesive layer; and a release liner that is resistant to humidity 
and to the drugs within the preparation. Matrix patches are also generally well 
tolerated as, unlike many reservoir patches, the drug is not contained in an 
alcohol solution known to irritate the skin.7 The 5 patches discussed in this 
article are all matrix-type patches (Table 1).2–6

An important feature of transdermal patches is application site tolerability. 
In general, matrix-type patches have been shown to be well tolerated, even in 
elderly populations, with the majority of skin reactions being mild to moderate 
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in severity and transient.8–11 Advice to limit or manage skin 
tolerability when using transdermal patches can be found in 
the prescribing information for these medications or in Ale 
et al.8 In summary, patches should be applied to clean and 
undamaged skin. They should be removed carefully, and the 
site of application should be rotated.8

The use of transdermal patches is convenient to patients, 
as the patches are often only applied once daily, while oral 
medications may need to be taken several times a day to 
maintain adequate drug levels. Transdermal patches also offer 
an alternative mode of drug delivery for oral medications 
that cannot be crushed or chewed. Additionally, patches 
can be used to provide the drug over longer periods of time 
such as a week. This type of formulation may reduce the 
medication burden on patients, but patients may find it more 
difficult to remember to replace their patch compared with a 
daily routine. Also, more frequent application site reactions 
may affect the tolerability of weekly formulations, as the risk 
of skin reactions increases with the size of the patch and the 
duration of contact with the skin.12

What Are the Potential Advantages and Challenges of 
Transdermal Patches Versus Oral Formulations?

Transdermal patch formulations are most often developed 
to optimize drug delivery, efficacy, and tolerability and are 
particularly appropriate for those drugs with a short half-
life, poor oral absorption, or low tolerability of the oral 
formulation. Transdermal patch formulations provide a 
noninvasive technique to deliver a steady supply of drug 
molecules directly into the circulation, avoiding the first-pass 
effect (Table 2). However, the use of transdermal systems 
of delivery is restricted to those drugs able to penetrate the 
skin and enter the blood system, although new technological 
developments may extend the range of drugs appropriate for 
transdermal delivery.

Drug is delivered directly to the circulatory system. 
Transdermal patches deliver drugs directly into the 
circulatory system, bypassing the gastrointestinal system 
and avoiding the hepatic first-pass effect. This delivery 
system is advantageous for the treatment of depression with 
monoamine oxidase inhibitors (MAOIs). Although selective 
for MAO-B, selegiline also inhibits MAO-A; therefore, the 
clinical use of oral formulations is limited by the risk of drug-
food interactions due to inhibition of the MAO-A enzyme in 
the intestine and liver.13 This inhibition can lead to dietary 
tyramine entering the circulatory system, stimulating the 

release of norepinephrine and causing hypertensive crisis.13 
Consequently, oral MAOIs require strict dietary restrictions 
to limit tyramine intake.13

The selegiline transdermal system delivers selegiline to the 
systemic circulation, avoiding direct inhibition of MAO-A 
in the intestine and the first-pass effect in the liver.14 The 
6-mg/24-hour selegiline patch has been approved in the 
United States for the treatment of major depressive disorder 
without the need for dietary restriction.4 Dietary restriction 
is currently required for the 9-mg/24-hour and 12-mg/24-
hour doses, as the safety and tolerability data for these doses 
are more limited.4

Rotigotine is a dopamine agonist administered by 
transdermal patch and is currently approved for the treatment 
of early and advanced stage Parkinson’s disease and restless 
legs syndrome in Europe.15 Rotigotine is only available as 
a transdermal patch formulation due to an extensive first-
pass effect and low bioavailability when taken orally.16 As 
a transdermal formulation, the rotigotine patch can also 
offer a noninvasive alternative for patients temporarily or 
permanently unable to take oral formulations. For example, 
the patch delivery system may also be useful for the 
management of parkinsonian symptoms in the perioperative 
period when patients with Parkinson’s disease are unable 
to adhere to an oral regimen of dopamine agonists.17 The 
feasibility of replacing a patient’s usual treatment regimen 
with the rotigotine patch for surgery was demonstrated in a 
small open-label study of patients with Parkinson’s disease 
who needed surgery under general anesthesia.17

Continuous drug delivery. A major advantage of 
transdermal patches over oral formulations is their continuous 
delivery of drug, resulting in steady plasma concentrations 
with lower maximum plasma levels (Cmax) (Figure 1).18,19 This 
steady and continuous drug delivery can reduce tolerability 
issues associated with fluctuations in plasma concentrations 
and can also increase the number of patients able to achieve 
therapeutic doses. Both of these factors are beneficial, 
especially to elderly patients, who may be more sensitive to 
fluctuating plasma levels due to reduced hepatic and renal 
functioning, other health conditions, and use of concomitant 
medications. The smooth drug delivery of transdermal 
patches may increase treatment compliance by decreasing 
adverse events and improving the tolerability of therapeutic 
doses, as adverse events and perceived lack of efficacy have 
both been reported as reasons for noncompliance that are 
relevant to elderly populations with chronic conditions.20

Rivastigmine is a cholinesterase inhibitor used for the 
treatment of mild to moderate Alzheimer’s disease and 
Parkinson’s disease dementia2,21 and is available in both oral 
and transdermal formulations. With the oral rivastigmine 
capsule formulation, both the high Cmax and the short 
time from administration to Cmax are associated with 
centrally induced cholinergic side effects such as nausea and 
vomiting.22 Since the tolerability of rivastigmine capsules was 
improved when the same daily dosage was administered over 
3 doses rather than 2,23 the rivastigmine patch was developed 
with the aim of providing improved patient tolerability. The 
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9.5-mg/24-hour rivastigmine patch provides comparable 
drug exposure to 12-mg/day rivastigmine capsules,22 but with 
lower fluctuations in plasma concentrations.22,24 Variation 
between patients in terms of Cmax and drug exposure is 
also reduced with the rivastigmine patch compared with 
capsules, demonstrating the improved reliability of the 
transdermal route.25 In a large clinical trial comparing the 
rivastigmine patch with capsules and placebo, the 9.5-mg/24-
hour rivastigmine patch was associated with 3 times fewer 
reports of nausea and vomiting compared with 12-mg/day 
rivastigmine capsules.26 This improved tolerability profile 
allows easier access to the target therapeutic dose, with 95.9% 
of patients assigned to the rivastigmine patch achieving the 
9.5-mg/24-hour dose compared with 64.6% of patients 
reaching the 12-mg/day dose with rivastigmine capsules.27

Transdermal patch formulations of dopamine agonists, 
rather than oral formulations, may be preferable for the 

treatment of patients with Parkinson’s disease, as pulsatile 
dopaminergic stimulation may lead to dyskinesias and other 
motor complications.28 Hence, the smooth and continuous 
delivery associated with transdermal patches may limit the 
development of side effects. Rotigotine is currently the only 
dopamine agonist available as a transdermal formulation and 
has been shown to provide clinical efficacy and tolerability 
similar to orally administered nonergot dopamine 
agonists.29,30 Further research is needed to determine whether 
transdermal delivery reduces the occurrence of motor 
complications.29 The rotigotine patch is also indicated for 

Table 1. Transdermal Patch Systems for Neurologic Conditions

Rivastigmine Patch Rotigotine Patch 
Selegiline  

Transdermal System Lidocaine Patch 5% Capsaicin 8% Patch
Drug type Cholinesterase inhibitor Dopamine agonist Monoamine oxidase 

inhibitor
Sodium channel 

antagonist
TRPV1 channel agonist

Conditions 
(doses)

Mild to moderate 
Alzheimer’s disease 
(4.6–9.5 mg/24 h)

Mild to moderate 
Parkinson’s disease 
dementia (4.6–9.5 
mg/24 h)

Moderate to severe 
restless legs syndrome 
(1–3 mg/24 h)

Early stage Parkinson’s 
disease (2–8 mg/24 h)

Advanced Parkinson’s 
disease (4–16 mg/24 h)

Major depressive disorder 
(6–12 mg/24 h)

Moderate to severe 
chronic pain 
from postherpetic 
neuralgia (1–3 
patches for  
< 12 h/d)

Neuropathic pain 
associated with 
postherpetic neuralgia 
in nondiabetic adults  
(up to 4 patches for 
60 min)

Patch type Matrix Matrix Matrix Matrix Matrix
Application Once daily

Upper back, lower back, 
chest, upper arm

Once daily
Abdomen, thigh, hip, side, 

shoulder, upper arm

Once daily
Upper chest or back 

(below neck and above 
waist), upper thigh, 
outer surface of upper 
arm

Once daily
Sites of pain

Once every 3 mo
Sites of pain

Patch sizes  
and dosage

5 cm2, 4.6 mg/24 h
10 cm2, 9.5 mg/24 h

5 cm2, 1 mg/24 h 
10 cm2, 2 mg/24 h
15 cm2, 3 mg/24 h
20 cm2, 4 mg/24 h
30 cm2, 6 mg/24 h
40 cm2, 8 mg/24 h
Multiple patches,  

10–16 mg/24 h

20 cm2, 6 mg/24 h
30 cm2, 9 mg/24 h
40 cm2, 12 mg/24 h

140 cm2 (patch can 
be cut into pieces 
before use)

280 cm2, 179 mg (patch 
can be cut into pieces 
before use)

Side effects Application site 
reactionsa

Nausea, vomiting, 
dizziness, sleepiness, 
headache, application 
site reactions

Application site reactionsa Dizziness, headache, 
nausea, application 
site reactions

Increased blood pressure, 
application site 
reactions

aOther side effects include those also reported for oral formulations.
Abbreviation: TRPV1 = transient receptor potential vanilloid 1.

Table 2. Potential Advantages and Challenges of Transdermal 
Patches Versus Oral Formulations

Advantages Challenges
Ease of use Risk of skin irritation
Simplification of treatment regimen Could be removed by the patient
Caregiver preference Concern regarding adhesiveness/

removalSmooth and consistent drug delivery
Easier access to target doses Does not fit existing routine
No first-pass effect Unfamiliar therapy
Visual reminder of treatment Lack of understanding of patch 

therapy
 

Figure 1. An Illustration Comparing the Pharmacokinetic 
Profiles of Oral and Transdermal Medicationsa

aReprinted with permission from Oertel et al.19
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the treatment of restless legs syndrome and has been shown 
to significantly reduce symptoms relative to placebo31,32 
and to provide sustained efficacy over a period of 2 years.33 
Continuous drug delivery throughout both the day and night 
is thought to benefit patients with this condition.

Simplification of treatment regimen. Transdermal 
patch formulations can simplify drug treatment schedules, 
especially for those drugs that are rapidly metabolized or 
excreted from the body, as one patch can replace several doses 
of oral medication. Simplification of treatment regimens 
may help patients adhere to a course of drug therapy and 
receive maximum benefit from the treatment. In the case 
of elderly patients with long-term neurologic conditions, 
noncompliance to treatment is a recognized issue.20 These 
patients are often taking multiple medications, and, so, any 
reduction in the frequency of dosing may increase compliance 
and may also reduce the burden on their caregivers.20,34

Rivastigmine is an example of a drug with a simpler 
treatment regimen for the transdermal formulation than 
the oral formulation because of the short elimination half-
life of oral rivastigmine and the gastrointestinal tolerability 
problems associated with high plasma levels.35 While oral 
rivastigmine is administered twice daily, controlled drug 
release over 24 hours by the rivastigmine patch allows 
therapeutic plasma concentrations to be maintained with 
a single daily application.22 There are also fewer steps in 
the titration schedule for the rivastigmine patch compared 
with rivastigmine capsules, further simplifying the 
treatment regimen. Transdermal rivastigmine is initiated 
at 4.6 mg/24 hours and can then be increased to the target 
therapeutic dose of 9.5 mg/24 hours after 4 weeks, while 
the comparable 12-mg/day rivastigmine capsule dose can 
only be reached 8 weeks later, after 3 dose increases and 12 
weeks of treatment.2,22 A much larger percentage of patients 
achieve optimal 9.5-mg/24-hour dosing by rivastigmine 
patch than by the comparable 12-mg/day oral rivastigmine 
capsules.26 At the end of a 6-month clinical trial comparing 
rivastigmine patch, rivastigmine capsules, and placebo in 
patients with Alzheimer’s disease, 72% of caregivers preferred 
the rivastigmine patch to rivastigmine capsules.36 Ease of 
following the dosing schedule was the most common reason 
provided for preferring transdermal patch delivery.36

Local relief of neuropathic pain. Transdermal patches 
can also be used to supply drugs locally at the application 
site. Local absorption can be beneficial when systemic 
exposure is associated with adverse events or the risk of 
drug interactions. The lidocaine 5% patch and the capsaicin 
8% patch are both approved for the local management of 
pain associated with postherpetic neuralgia.5,6 Transdermal 
application allows the treatment to be targeted to the area 
of pain and also limits exposure to the drug. Lidocaine and 
capsaicin patches are both associated with low systemic 
exposure5,37,38 and so may relieve pain with minimal risk of 
system toxicity.1 These patches may be suitable for elderly 
patients who are likely to also be taking other medications, as 
the other treatment options for neuropathic pain (eg, tricyclic 
antidepressants, gabapentinoids, selective norepinephrine 

reuptake inhibitors, sodium channel blockers, and opioid 
agonists) are associated with systemic adverse events and 
the risk of drug interactions.1,39,40 The capsaicin patch is 
applied by a doctor to the area of pain for 60 minutes every 
3 months.6 Although application of the capsaicin patch is 
associated with temporary redness and pain, the simple 
treatment regimen and sustained pain relief may help 
maintain treatment compliance.41,42

Practical advantages of transdermal delivery. 
Transdermal patch systems are simple to use and can usually 
be applied independently of meals. One particular advantage 
is the physical presence of the patch on the skin. This presence 
can provide visual reassurance to the patient or caregiver 
that the medication has been properly administered.20 In 
a survey of caregivers, ease of use of transdermal patches 
was a common reason for preferring the patch to capsule 
medication.36

Challenges of transdermal delivery. Despite recent 
advances in patch technology, skin application site reactions 
may still occur with transdermal medications. The majority 
of application site reactions that occur with modern 
transdermal medications are mild in severity and resolve 
spontaneously after patch removal.8 Often, the potential 
advantages of using transdermal medications over oral forms 
outweigh minor skin reactions. Preventative and palliative 
measures are required to limit application site reactions; 
patches should be applied to clean, dry, unbroken skin, and 
regular rotation of the application site is necessary to prevent 
cumulative irritant contact dermatitis.8

ConClusions

Transdermal patches are an important method of 
drug delivery that can offer benefits to patients over oral 
formulations in terms of ease of use, simple treatment 
regimens, avoidance of the first-pass effect, and avoidance of 
peak dose effects. These benefits may be particularly relevant 
for treatment compliance and tolerability in elderly patients 
with chronic conditions including Alzheimer’s disease and 
Parkinson’s disease. Looking forward, new technologies have 
the potential to extend the use of transdermal patches to new 
medications and indications.
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