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Abstract. Objective: The aim of this scoping review is to outline the scientific evidence concerning the role of 
Parkinson’s disease nurse specialists (PDNS) to provide education and guidance to patients with Parkinson’s 
disease (PD) undergoing subcutaneous apomorphine therapy (CSAI). Introduction: PD affects approximately 
1% of both men and women on a global scale, especially those aged 60 and above. Working within a multi-
disciplinary team, the PDNS enhances adherence to the treatment regimen, even in a home-based setting. 
Inclusion criteria: Included studies involved participants over 18 years old, with texts in English or Italian. 
Exclusions covered research on alternative apomorphine administrations, brain stimulation, comparisons with 
other treatments, mood changes from apomorphine, or unrelated to PDNS training. Methods: We conducted 
a comprehensive literature review across databases such as Medline (via PubMed), The Cochrane Library, 
Scopus, Web of Science (WOS), and Google Scholar, sourcing relevant articles to identify primary indexed 
studies examining the interaction between nurse practitioners and PD patients undergoing subcutaneous 
apomorphine treatment; Results: The review encompasses twenty studies, revealing that specialized nursing 
education and training during the subcutaneous apomorphine therapy phase can effectively mitigate the 
considerable risks associated with treatment nonadherence. Conclusions: The collaboration of proficient and 
specialized nursing personnel, working alongside a multidisciplinary team, to deliver suitable training and 
education during CSAI, is instrumental in averting adverse outcomes and potential nonadherence issues, 
thereby enhancing the quality of life for both PD patients and their caregivers.
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specialists (PDNS)

Introduction

Parkinson’s disease (PD) affects about 1% of peo-
ple worldwide, mainly those aged 60 and above. It is the 
second most common neurodegenerative disorder after 
Alzheimer’s disease. PD is characterized by the loss of 

dopamine-producing neurons in the substantia nigra 
region of the midbrain, along with the presence of ab-
normal protein clumps called Lewy bodies in the brain-
stem and cortex (1). PD is classified as an idiopathic 
neurological disorder characterized by the slow onset 
of symptoms such as tremors, slowness of movement 
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(bradykinesia), stiffness (rigidity), and problems with 
balance and posture (2). Responses to treatment can 
vary greatly among individuals (3,4). Levodopa remains 
the gold standard for treating PD and retains its effi-
cacy even during the advanced stages of the condition. 
However, alternative therapies may be considered based 
on individual patient characteristics (5). Other thera-
peutic management include deep brain stimulation 
(DBS), levodopa-carbidopa intestinal gel (LCIG), and 
subcutaneous apomorphine infusion (CSAI). Apomor-
phine is administered subcutaneously, either as an in-
termittent injection or as a CSAI (6,7). Notably, within 
Europe, a significant 44% of individuals newly diag-
nosed with PD lack the opportunity for treatment and 
ongoing clinical oversight by neurologists specializing 
in PD. Additionally, limited economic resources and in-
adequate training of personnel contribute to restricted 
access to skilled nursing care (8). A multidisciplinary 
care team (MDT) is considered the best approach for 
managing advanced PD, with the Parkinson’s disease 
nurse specialist (PDNS) playing a crucial role. The 
PDNS helps patients adapt to various treatment op-
tions, including oral medications and infusion thera-
pies like apomorphine and LCIG, as well as DBS (9).  
Apomorphine is an effective treatment option for PD 
that works well regardless of age. It is particularly use-
ful for managing both “off” periods and dyskinesias 
(abnormal involuntary movements) associated with 
PD. This is achieved through either intermittent injec-
tions or continuous infusion to regulate motor compli-
cations (10). For patients experiencing persistent motor 
fluctuations (on-off effects) that cannot be controlled 
with oral medications or fewer than six intermittent 
subcutaneous apomorphine injections, CSAI through-
out the waking hours is recommended (2). Subcu-
taneous injection results in rapid absorption, almost 
complete bioavailability, and a short half-life of about 
43 minutes. Its high lipid solubility allows it to quickly 
enter the central nervous system, leading to rapid clini-
cal effects. The impact on dyskinesias can be seen within 
5 to 15 minutes after administration, with the timing 
influenced by factors like injection site (preferably the 
abdominal wall over the thigh), skin temperature, and 
subcutaneous tissue thickness (11). During the main-
tenance phase of CSAI therapy, the primary objec-
tive is to empower patients to manage their treatment 

independently or with assistance from caregivers, along 
with the support of a PDNS or a trained community 
nurse (9). The success of apomorphine therapy extends 
beyond its pharmacological effects to include patient 
understanding of their condition and ability to manage 
the treatment regimen. In this context, the PDNS, as a 
key member of the MDT, plays a crucial role. PDNS 
ensure treatment adherence, provide education, deliver 
training, offer ongoing support, and are available for 
consultations regarding nursing-related aspects of the 
treatment (9). The effectiveness of CSAI depends on 
diligent patient compliance, sustained caregiver involve-
ment, regular nursing assessments (including home 
visits), and ongoing medical/nursing follow-up (11).  
Starting apomorphine pump therapy is ideally done 
in a hospital setting. The normally adopted syringe 
driver is specifically designed for delivering apomor-
phine. Its small size allows for discreet concealment 
in a pocket or under clothing, enabling longer treat-
ment periods without frequent syringe changes. The 
pump includes a time display, providing patients with 
precise information about infusion duration for better 
at-home management. An illuminated sensor visu-
ally indicates when the continuous infusion is active. 
The PDNS plays a critical role in easing the burden on 
healthcare providers and reducing workload pressure on 
physicians by providing consistent daily management 
of PD patients. Of particular importance is the PDNS 
invaluable contribution throughout the spectrum of 
apomorphine therapy, including candidate selection, 
dosage adjustment, treatment maintenance, and man-
agement of adverse effects (9). Despite advancements, 
this area remains controversial and certain aspects are 
inadequately addressed in the literature. Therefore, 
there is a compelling need for a systematic review of 
existing literature. The purpose of this scoping review 
would be to comprehensively evaluate the relationship 
between the presence of a skilled PDNS involved in 
guiding patients through subcutaneous apomorphine 
administration and its impact on treatment adherence 
and continuation of therapy among patients.

Review question

What is the role of Parkinson’s disease nurse spe-
cialists (PDNS) in providing education and guidance 
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to patients with Parkinson’s disease undergoing sub-
cutaneous apomorphine infusion (CSAI) in various 
healthcare settings?

Methods

Eligibility criteria

Population

Studies were included if they involved adult par-
ticipants (≥18 years old) with PD undergoing CSAI 
therapy.

Concept

Studies needed to focus on the involvement  
of PDNS in the administration and management 
of CSAI therapy, particularly examining the role of 
PDNS in the instructional phase for patients and/or 
caregivers.

Context

Included studies were available as full-text articles 
in either English or Italian. Quantitative, qualitative, 
and mixed-method studies were included to encom-
pass various aspects of the PDNS role in CSAI ther-
apy. Studies were excluded if they:

	- Investigated alternative modes of administra-
tion for apomorphine therapy.

	- Focused on brain stimulation therapies.
	- Compared CSAI therapy with other alterna-

tive treatments.

	- Centered on mood changes in patients receiv-
ing subcutaneous apomorphine.

	- Were not directly related to the instructional or 
training phase involving PDNS.

Informational sources

This scoping review included a variety of study 
designs, encompassing both experimental and quasi-
experimental approaches such as randomized con-
trolled trials, non-randomized controlled trials, 
before-and-after studies, and interrupted time-series 
studies. It also incorporated analytical observational 
studies, like prospective and retrospective cohort stud-
ies, case-control studies, and analytical cross-sectional 
studies. Descriptive observational study designs, such 
as case series, individual case reports, and descriptive 
cross-sectional studies, were also eligible for inclusion. 
Secondary literature, qualitative research, and grey lit-
erature were not included in this review to maintain a 
focus on primary studies directly related to the role of 
PDNS in CSAI therapy.

Search strategy

To initiate the literature review, a research inquiry 
was formulated utilizing the Population, Concept, 
Context (PCC) approach (Table 1). Subsequently, a 
comprehensive exploration of the literature was con-
ducted by querying databases such as MEDLINE (via 
PubMed), The Cochrane Library, Scopus, Web of Sci-
ence (WOS), CINAHL (via EBSCO), and Google 
Scholar. This search yielded articles relevant to the 
designated topic.

The search methodology involved the utilization 
of specific terms, combining open searches and MeSH 

Table 1. The PCC tool for the conduction of the literature review.

Population Adult patients (≥18 years old) with Parkinson’s disease undergoing CSAI

Concept The role of PDNS in providing education and guidance, particularly in the instructional phase for patients and/or 
caregivers

Context Various healthcare settings, including hospitals, outpatient clinics, and home-based care

Abbreviations: PCC: Population, Concept, Context; CSAI: continuous subcutaneous apomorphine infusion PDNS: Parkinson’s disease nurse 
specialist; PD: Parkinson’s disease.
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6.	 “training”[All Fields] OR “education”[MeSH 
Terms] OR “train”[All Fields] OR “trains”[All 
Fields] OR “trained”[All Fields]

Similar search strategies were applied to the other 
databases, adjusting the terms and Boolean operators 
as necessary to fit the specific database syntax and 
search capabilities.

Following an initial electronic exploration of bib-
liographic databases, articles deemed pertinent were 
identified for the purpose of this review. Duplicate en-
tries were eliminated, subsequently isolating suitable 
articles. Specifically, two authors assessed studies that 
potentially aligned with the primary search objective 
and evaluated the feasibility of obtaining full-text ac-
cess (12).

Data charting strategy

The data charting process involved systematically 
extracting and organizing key information from each 
included study. A standardized data charting form 
was developed and piloted on a subset of studies to 
ensure consistency and comprehensiveness. The data 
charting form included fields for study characteristics 
(e.g., author and year), population details (e.g., number 
of participants setting of the studies), and key findings. 
Two reviewers independently charted the data from 
each study, and discrepancies were resolved through 
discussion or consultation with a third reviewer.

terms with Boolean operators AND and OR. The 
terms employed included “apomorphine,” “nurse,” “sub-
cutaneous,” “Parkinson’s,” “education,” and “training”.  
A comprehensive search was conducted across multiple 
databases including MEDLINE (via PubMed), Scopus, 
Google Scholar, CINAHL (via EBSCO), Web of Sci-
ence, and The Cochrane Library. The detailed search 
strategy for MEDLINE (via PubMed) is provided be-
low as an example, and similar strategies were applied to 
the other databases. Table 2 shows the combination of 
keywords used with the Boolean operator.

MEDLINE search strategy

1.	 “apomorphine”[MeSH Terms] OR “apomor-
phine” [All Fields] OR “apomorphin”[All  
Fields] OR “apomorphine s”[All Fields] OR 
“apomorphines”[All Fields]

2.	 “nurse s”[All Fields] OR “nurses”[MeSH 
Terms] OR “nurses”[All Fields] OR “nurse” 
[All Fields] OR “nurses s”[All Fields]

3.	 “subcutaneous”[All Fields] OR “subcutane-
ously” [All Fields] OR “subcutanous” [All 
Fields]

4.	 “Parkinson’s”[All Fields] OR “Parkinson”  
[All Fields]

5.	 “education”[MeSH Subheading] OR “educa-
tion” [All Fields] OR “educability”[All Fields] 
OR “educable”[All Fields] OR “educates” [All 
Fields]

Table 2. Combination of keywords used with the Boolean operator.

Database Search String

MEDLINE 
(Pubmed)

(“apomorphine”[MeSH Terms] OR “apomorphine”[All Fields] OR “apomorphin”[All Fields] OR 
“apomorphine s”[All Fields] OR “apomorphines”[All Fields]) AND (“nurses”[MeSH Terms] OR 
“nurses”[All Fields] OR “nurse”[All Fields]) AND (“subcutaneous”[All Fields] OR “subcutaneously”[All 
Fields] OR “subcutanous”[All Fields]) AND (“Parkinson’s”[All Fields] OR “Parkinson”[All Fields]) AND 
(“education”[MeSH Subheading] OR “education”[All Fields]) AND (“training”[All Fields] OR “train”[All 
Fields] OR “trains”[All Fields] OR “trained”[All Fields])

Scopus (“apomorphine” AND “nurse” AND “subcutaneous” AND “Parkinson’s” AND (“education” OR “training”))

Google Scholar (“apomorphine” AND “nurse” AND “subcutaneous” AND “Parkinson’s” AND (“education” OR “training”))

CINHAL 
(EBSCO)

(“apomorphine” AND “nurse” AND “subcutaneous” AND “Parkinson’s” AND (“education” OR “training”))

Web of science 
(WOS)

(“apomorphine” AND “nurse” AND “subcutaneous” AND “Parkinson’s” AND (“education” OR “training”))

Cochrane Library “apomorphine” AND “Parkinson’s disease”
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discussion of the strengths and limitations of the evi-
dence base, ensuring a comprehensive understanding 
of the quality and reliability of the included studies.

Results

In total, 5407 records were identified, of which 
182 were duplicates. Of the 5225 unique records, 5184 
were excluded based on the content of their titles and 
abstracts. After retrieving and reading the full text of 
the remaining 41 articles, the inclusion criteria were 
applied. Twenty-one articles were excluded, result-
ing in 20 studies being included in the final analysis 
(Figure 1).

Table 3 shows the 20 articles included in the re-
view, including authors, year of publication, quantity 
and type of patients, evaluation of parameters studied, 
objectives and results.

The results of the critical appraisal allowed us 
to assess the methodological quality of the included 
studies, providing a foundation for interpreting the 
findings with greater confidence (data not shown). Re-
search indicates that despite the availability of various 
oral medications, controlling PD dyskinesias can be 
challenging, often requiring alternative treatment op-
tions. Motor complications and other disabling symp-
toms can significantly impact the quality of life and 
independence of patients, as well as affecting the lives 
of their families and caregivers (6,7). Clinical experi-
ence with apomorphine for treating PD dates back to 
1951, when early clinical trials demonstrated its po-
tential to alleviate symptoms such as tremor and rigid-
ity. Although apomorphine had been used for many 
years as an emetic (to induce vomiting) and for various 
neuropsychiatric conditions like insomnia, neurosis, 
mania, or schizophrenia, its therapeutic rationale was 
not understood until its dopaminergic properties were 
discovered (10). The choice of therapy and its method 
of administration for PD depends on various factors 
specific to each patient. Some studies highlight the 
lack of international guidelines for selecting the ap-
propriate candidate for therapies such as LCIG, brain 
stimulation, sublingual apomorphine, or CSAI (1,21). 
A study analyzing 101 patient records with apo-
morphine infusion at the Department of Neurology, 
Bispebjerg University Hospital, aimed to understand 

Data items

We abstracted data on article characteristics 
(e.g., author, year of publication, country of origin), 
study design (e.g., randomized controlled trial, cohort 
study), and specific details related to the intervention 
(e.g., role of PDNS, type of CSAI therapy). Addition-
ally, we extracted information on the population (e.g., 
number of participants, age range), outcomes measured 
(e.g., treatment adherence, patient education), and key 
findings. The data synthesis was conducted using a 
narrative approach to summarize the findings from the 
included studies. This approach allowed us to integrate 
quantitative, qualitative, and mixed-methods data, fo-
cusing on identifying common themes and patterns. 
The synthesis was organized thematically to highlight 
the various dimensions of PDNS involvement and 
their impact on treatment adherence and patient out-
comes. We also examined barriers and facilitators to 
the implementation of PDNS roles in CSAI therapy, 
as well as any reported outcomes related to patient and 
caregiver education. The narrative synthesis enabled us 
to present a comprehensive overview of the evidence, 
highlighting both the benefits and challenges associ-
ated with PDNS involvement in CSAI therapy.

Critical appraisal method

Although critical appraisal is not a mandatory 
component of scoping reviews, we conducted a quality 
assessment of the included studies to provide context 
for interpreting the findings. The Joanna Briggs Insti-
tute ( JBI) critical appraisal checklists for various study 
designs were used to evaluate the methodological 
quality of the included studies. The assessment focused 
on aspects such as study design, sample size, inter-
vention details, outcome measurement, and potential 
biases. The JBI critical appraisal tools measure overall 
quality, categorizing studies as high, moderate, or low 
quality based on their scores. Information for quality 
assessment was incorporated into the data extraction 
form, which was pilot tested on a random sample of 
included articles that ranged from low to high qual-
ity. Two reviewers independently assessed the quality 
of each study, and discrepancies were resolved through 
discussion or adjudication by a third reviewer. The re-
sults of the critical appraisal were used to inform the 
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treatment effects and timely management of adverse 
events (18). The appropriate dosage of apomorphine 
for each patient is determined through incremen-
tal dosing. Apomorphine infusion typically begins at 

the reasons for treatment nonadherence with CSAI. 
It concluded that nonadherence could be attributed to 
insufficient communication with patients, the MDT, 
and caregivers, as well as inadequate monitoring of 

Records identified from:
MEDLINE (n = 402), 
Scopus (n = 21), 
CINAHL (n = 21), 
Web of Science (n = 22), 
Cochrane Library (n = 211), 
Other methods (n = 4730) 
Registers (n = 0)

Records removed before 
screening:
Duplicate records removed (n = 
182)
Records marked as ineligible by 
automation tools (n = 0)
Records removed for other 
reasons (n = 0)

Records screened
(n = 5225) Records excluded

(n = 5184) 

Reports sought for retrieval
(n = 41) Reports not retrieved

(n = 0)

Reports assessed for eligibility
(n = 41) Reports excluded:

Reason 1 (n =21)
- Not relevant to research 
question (n = 15)
- Duplicates (n = 3)
- Incomplete data (n = 2)
- Other reasons (n = 1)

Studies included in review
(n = 20)

Identification of studies via databases and registers

Figure 1. PRISMA 2020 flow diagram (13) of the research.
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Table 3. Key characteristics of the included studies

Database 
Author year Objective Setting Sample Setting study Key findings

Nijhuis et al 
2016 (6)

The aim of this study 
was to explore the 
current decision-
making process in 
advanced PD.

Observational 
Qualitative 
focus group

36 patients undergoing 
treatment

In this study, we found several factors that 
explain why in current practice, evidence-
based decision making in PD advanced is 
not optimal. An important first step would 
be to develop objective information on all 
treatment options.

Tyne et al. 
2004 (7)

Apomorphine is a 
potent dopamine 
agonist useful 
In the treatment 
of patients with 
disease Parkinson’s 
disease with motor 
fluctuations disabling 
and “off” periods, 
which do not respond 
to oral medications.

Qualitative 
observational

107 patients treated 
with apomorphine

Subcutaneous apomorphine is easy for 
patients to use, is well tolerated, and has a 
low Incidence of side effects, particularly 
confusion.

Bhidayasiri  
et al. 2016 (9)

The role of a PDNS is 
particularly important 
in the Treatment of 
patients with advanced 
PD suitable for 
apomorphine

Observational, 
descriptive

27 patients 
on continuous 
subcutaneous 
apomorphine therapy

There is strong clinical evidence that the 
impact of PDNS on the management 
of apomorphine therapy is vital and 
indispensable for the success of this treatment

Liberati A.  
et al., 2009 
(14)

Published systematic 
reviews have found 
that key information 
about these studies is 
often misreported.

Observational, 
descriptive

PRISMA consists of a 
27-item checklist and 
a four-step flowchart; 
this document 
describes the items

PRISMA: This document and associated 
Web site (www.prisma-statement.org/) 
should be useful resources for improving 
the reporting of systematic reviews and 
meta- analyses.

Lezzi et al. 
2022 (1)

Identify the role 
of the nurse in the 
selection phase of the 
patient candidate for 
LCIG therapy.

Observational Literature Review The stage of choosing a patient candidate 
for LCIG therapy is critical to improving 
adherence to LCIG therapy.

De Rosa et al. 
2016 (11)

The purpose of 
this review is to 
focus on these 
complex therapies, 
highlighting rules 
of implementation, 
effectiveness, 
indications, 
contraindications.

Observational 
descriptive

Description of 
therapies of LCIG, 
DBS, CSAI.

All three procedures require careful selection 
and good compliance of the candidate 
patients.

van den 
Heuvel et al. 
2022 (15)

Clinical decision 
making is a complex 
process, influenced by 
many different factors 
that differ for each 
decision and for each 
individual.

Observational, 
qualitative

There were 52 
consultations with 
PD patients and their 
PD neurologist or 
nurse specialist in 6 
outpatient clinics.

In daily practice, it is difficult to tailor 
decisions to individual characteristics 
(diseases) because there is a lack of sufficient 
evidence on the impact of these individual 
characteristics on outcomes.

Table 3 (Continued)
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Database 
Author year Objective Setting Sample Setting study Key findings

Özkan et al. 
2021 (10)

The goal is to 
create a “treatment 
management 
guideline” 
that includes 
recommendations 
for the use of 
apomorphine in 
clinical practice

Observational Literature Review Scientific evidence related to the discussion of 
complications on subcutaneous apomorphine 
administration in patients with PD.

Karni et al. 
2022 (8)

The main goal was to 
develop a new home 
monitoring system 
(called EMPARK) 
with patient and 
physician interface 
to improve patient 
empowerment and 
clinical care in PD.

Observational, 
qualitative

Patient interface on a 
sample of 80 patients 
included in the study

EMPARK would empower patients and 
could be used for future applications in daily 
care and research.

Tsai et al. 
2019 (3)

With a unilateral 
injection of 
6-hydroxydopamine
(6-OHDA) into 
the medial forebrain 
bundle, it was 
applied to evaluate 
neuroprotective 
effects and motor 
behaviors by PD.

Observational 
pre- post

The experimental 
rats, assigned to the 
exercise group, spent 2 
weeks in their exercise 
cages before 6-OHDA 
administration and 2 
weeks after 6-OHDA 
administration.

The present results suggest that voluntary 
exercise can provide long-term improvements 
in functional motor behavior in patients with 
PD.

Kaiyrzhanov 
et al. 2019 
(16)

The clinical 
characteristics, 
treatments used, 
epidemiology, and 
genetics of PD in CA 
and CT countries 
were examined.

Observational Literature Review Health professionals, local and national 
institutions, and stakeholders must come 
together to address deficiencies in PD health 
systems.

Verzwyvelt  
et al. 2021 
(17)

A well-established 
approach for treating 
patients with 
rest periods and 
controlling the motor 
fluctuations refractory 
to conventional 
oral drug therapy 
is subcutaneous 
administration of the 
dopamine agonist 
apomorphine.

Observational, 
descriptive

3 main approaches 
in which is used: 
intermittent 
subcutaneous injection 
of apomorphine as 
“rescue” therapy for 
off states, continuous 
subcutaneous infusion 
of apomorphine 
for PD patients 
with intractable 
motor fluctuations 
as an alternative to 
other dopaminergic 
treatments, and in the 
apomorphine response 
(or challenge) test.

The management of potential adverse 
events with subcutaneous administration of 
apomorphine.
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Database 
Author year Objective Setting Sample Setting study Key findings

Henriksen  
et al. 2021 
(18)

CSAI adherence is. 
generally considered 
low because of 
adverse events and 
because it is perceived 
as a treatment option 
to be used only for a 
limited period.

Observational, 
descriptive

101 patients who 
discontinued 
treatment with CSAI.

CSAI requires careful patient selection, a 
high level of communication with the patient 
and caregiver, and rigorous monitoring of 
treatment effects and for any adverse events 
so that they can be managed promptly.

Lees et al.  
2002 (2)

Through follow-up 
measure adherence 
to subcutaneous 
apomorphine therapy 
in patients with PD

Observational, 
double-blind

A 3-year follow-up 
of 64 patients on 
apomorphine therapy 
at Middlesex-Hospital

Twenty-five percent of patients managed 
their apomorphine independently, 50 percent 
with the help of their caregiver, and only 25 
percent required outside help from district 
nurses.

Bhidayasiri  
et al. 2016 
(19)

Proactive 
management, most 
adverse effects are 
manageable if reported 
and addressed early 
enough.

Observational Literature Review Proactive management, most adverse 
events are manageable, and the benefits 
of apomorphine can be life-changing in 
reducing PD symptoms and improving 
quality of life.

Caughman  
et al. 2021 
(25)

Description 
of sublingual 
apomorphine offers 
a new, novel and 
effective therapy 
developed for the 
treatment of “off” 
episodes.

Observational Literature Review The new sublingual apomorphine is safe and 
effective for the relief of “off” periods that 
affect quality of life.

Katzenschlager 
et al. 2020 
(20)

The main objective 
was to evaluate the 
long-term safety of 
APO.

Observational, 
cohort

Eighty-four patients 
entered the PLO (40 
previously treated 
with APO, 44 with 
placebo) and 59 
patients (70.2%) 
completed the study.

The safety and efficacy of APO infusion 
have been demonstrated with long-term 
use for persistent motor fluctuations, 
allowing substantial reductions in oral PD 
medications.

Marsili et al. 
2021 (21)

International survey of 
forty-four experienced 
movement disorder 
specialists regarding 
the management 
of device- assisted 
therapies in advanced 
PD.

Observational, 
qualitative

44 specialists in PD 
disease

Guidelines are needed to assist physicians and 
patients in choosing device-assisted therapies.

Agbo et al. 
2021 (22)

The aim of this 
study was to evaluate 
these parameters in 
patients with PD 
and “OFF” episodes 
through the effective 
dosing range for 
these treatments.

Observational Literature Review Sublingual apomorphine film has a lower 
bioavailability than subcutaneous film.

Table 3 (Continued)
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especially in the absence of a PDNS, often discontinue 
apomorphine therapy within a few weeks (8,18). Op-
timal care for PD now recognizes the need for a mul-
tidisciplinary approach beyond traditional one-on-one 
physician-patient relationships. Given the complexity 
and variability of motor and nonmotor symptoms, co-
morbidities, and multiple medications involved in PD, 
it seems evident that a single physician cannot pro-
vide comprehensive management alone (9,16). Nurses 
play a critical role in establishing effective commu-
nication with patients, family members, and within 
the multidisciplinary team (19). They are pivotal in 
patient education, addressing fears and doubts related 
to therapy (25). The management of infusion devices, 
such as those used in CSAI, requires a team of trained 
nurses, particularly PDNS who are essential for man-
aging technical issues like device malfunction or oc-
clusion, as well as detecting and addressing local skin 
complications (11). They analyze factors such as skin 
health, home management of CSAI, family dynamics, 
and other aspects influencing therapeutic adherence, 
making PDNS involvement crucial at every stage of 
the treatment process (10).

Conclusion

The results of this scoping review highlight the 
critical role of PDNS in managing CSAI therapy for 

a dose of 1 mg/h during waking hours. The infusion 
dose is then gradually increased by 1 to 1.5 mg/h per 
day based on the patient clinical response and the dis-
continuation of other treatments (such as catechol-
o-methyltransferase inhibitors, oral or transdermal 
dopamine agonists, monoamine oxidase-B inhibitors, 
and levodopa) (2,6). The target is to titrate the apomor-
phine dose to at least 3 mg/h (24). The “TOLEDO” 
study confirmed the effectiveness of apomorphine in-
fusion in reducing “off” time in PD patients with per-
sistent motor fluctuations compared to optimized oral/
transdermal levodopa therapy (20,22). Additionally, a 
study involving sixteen patients with tremor-dominant 
PD (tdPD) used a combined approach of functional 
MRI and electromyography to examine the effects of 
subcutaneous apomorphine injection. This study dem-
onstrated a significant reduction in tremor symptoms, 
reflected by increased overall connectivity strength 
compared to a control group receiving placebo subcu-
taneously (23). PDNS typically play a key role in edu-
cating patients, healthcare providers, district nurses, or 
community nurses on how to use apomorphine infu-
sion pumps (9,11). For example, a center in Thailand 
provided a helpful video and step-by-step guide to of-
fer practical information on using apomorphine infu-
sion (9). The level and quality of education provided to 
patients about CSAI can significantly influence treat-
ment compliance and success. Several studies indicate 
that patients with insufficient education and support, 

Database 
Author year Objective Setting Sample Setting study Key findings

Nigro et al. 
2019 (23)

To examine 
the effects of 
apomorphine on 
the topological 
characteristics 
of functional 
connectivity networks 
in the resting state in 
patients with PD
and tdPD .

Observational, 
pre- post

Sixteen patients 
with tdPD were 
examined using a 
combined approach of 
functional MRI with 
electromyography.

Patients were scanned twice after placebo 
(subcutaneous injection of 1 ml saline) or 
1 mg apomorphine injection, demonstrating 
that drug treatment changes the functional 
brain organization of tdPD

Abbreviations: PD: Parkinson’s disease; CSAI: subcutaneous infusion of continuous apomorphine; PDNS: Parkinson’s disease specialist nurse;  
DBS: deep brain stimulation; LCIG: levodopa-carbidopa intestinal gel; APO: apomorphine; tdPD: tremor-dominant; 6-OHDA: 6-hydroxydopamine; 
CA: Central Asia; TC: Transcaucasian countries; OLP: open phase study; EMPARK: home monitoring system.
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called EMPARK, equipped with patient and physician 
/nurse interfaces, has been used to empower patients 
and improve clinical care in PD. This approach high-
lights the importance of personalized attention to the 
patient care journey, promoting medication adher-
ence (8). Local skin reactions associated with CSAI 
can range from transient redness and itching on the 
abdominal wall to the development of skin nodules, 
infections, abscesses, or, in severe cases, necrotic ulcers 
(9). Skin nodules are the most common consequence, 
often accompanied by skin discoloration or scarring. 
The duration, severity, and appearance of these nodules 
can vary significantly among individuals, influenced by 
factors such as apomorphine dosage, skin type, body 
mass index, needle type, and accurate insertion tech-
niques (9). To address these complications and prevent 
therapy discontinuation, precise instructions on needle 
insertion techniques are essential. Additionally, main-
taining a detailed recording chart by patients, health-
care providers, or nurses is crucial in preventing or 
mitigating nodule formation and associated issues (9). 
This proactive approach aims to manage skin reactions 
effectively and ensure the continuity of CSAI. During 
the hospitalization phase, a PDNS involvement is cru-
cial in assisting patients with CSAI to monitor drug 
efficacy and potential side effects, which may include 
hypotension, vomiting, and hallucinations (25). Before 
hospital discharge, PDNS should educate patients 
and/or their family members, providing guidance on 
proper skin disinfection and timely identification of 
potential side effects (9). It is imperative that PDNS 
ascertain the patient or caregiver proficiency in inde-
pendently performing these tasks. Nurses can recom-
mend several strategies to prevent or mitigate skin 
reactions, such as daily rotation of the injection site 
with around-the-clock administration, avoiding the 
periumbilical area, adhering to aseptic protocols and 
skin hygiene, opting for gentle and slender 29-gauge 
needles equipped with a 30-cm Teflon cannula and a 
luer-lock connector, executing deep injections, using 
silicone patches to shield the needle, and massaging 
the insertion site after each infusion. The management 
approach for subcutaneous nodules varies based on 
their type and severity (11). For mild or fibrous nod-
ules, treatment options may include topical application 

patients with PD. Our findings indicate a significant 
deficiency in professional expertise and awareness 
about the range of potential therapies for PD, com-
pounded by the lack of PDNS in many hospital settings 
and limited patient awareness of available treatment 
options. This lack of education and knowledge about 
PD impedes efforts to enhance individual quality of 
life (3,6). CSAI therapy has emerged over time as a 
valuable treatment option for reducing PD-related 
dyskinesias, showing superior efficacy compared to 
optimized oral treatments, and with no age-based 
exclusion criteria (20,23). The PDNS provide com-
prehensive care by offering professional expertise, 
technical nursing assistance, continuous support, and 
emotional guidance. They possess the necessary nurs-
ing skills for PD management and act as a crucial link 
connecting PD patients with the MDT. This involve-
ment includes seamless collaboration, interaction, and 
coordination with other care providers to ensure a ho-
listic care approach (9). Specialized nursing education 
focused on PD has been proposed for over two decades 
to enable the delivery of specialized nursing services 
covering all aspects of PD care, including clinical, 
educational, and professional aspects (9). In a holis-
tic healthcare approach for PD, the focus remains on 
patient-centered outcomes, supported by the expertise 
of multidisciplinary professionals. The PDNS plays a 
crucial role across all aspects of PD care – from diag-
nosis and guiding patients through various treatment 
options to addressing non-motor symptoms (NMS), 
initiating palliative care, and providing support to car-
egivers and bereaved families even after death (9).In 
certain situations, PDNS should be available for home 
visits to reduce stress on the patient family and hospi-
tal healthcare services. Home-based administration of 
CSAI can be anxiety-inducing, as neither the patient 
nor the caregiver may have prior experience with this 
treatment. The controlled environment of a hospital, 
where proper training is provided, offers a sense of 
safety that may be lacking at home (9). Concerns often 
arise due to anxiety about a therapy involving subcu-
taneous needle insertion, leading to agitation and dis-
couragement, especially regarding potential risks from 
insufficient technical knowledge to manage adverse 
events (25). An innovative home monitoring system  
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happens during such a scenario and whether education 
plays a decisive role in ensuring adherence to therapy. 
Long-term patient outcomes were not reported in any 
of the studies included in this review. However, the 
impact of nurse education and the role of PDNS with 
MDT, is a significant topic for future research.

The use of CSAI in patients has proven to be an 
effective therapy for managing motor symptoms of 
PD, with no age restrictions on its use. PDNS play 
a critical role, particularly in the training phase of 
individuals involved in the treatment plan, ensuring 
adherence to drug therapy. The results of the review 
highlight the necessity for further research using larger 
sample sizes to gain a deeper understanding of how the 
nursing role can enhance the treatment process. This 
includes exploring how PDNS can help prevent com-
plications associated with subcutaneous apomorphine 
infusion and improve therapeutic compliance among 
patients. More extensive studies are needed to assess 
the specific impact and effectiveness of nursing inter-
ventions in optimizing CSAI therapy for PD patients. 
This research would contribute valuable insights into 
maximizing treatment outcomes and patient satisfac-
tion in PD management.
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of corticosteroids and fibrinolytics, along with low-
frequency ultrasound therapy (11). These interventions 
aim to alleviate discomfort and reduce the impact of 
skin reactions associated CSAI therapy. A study (18) 
emphasized that inadequate training and education by 
a PDNS, failing to guide patients through the treat-
ment process, often leads to premature discontinuation 
of therapy within a few weeks. Conversely, a PDNS 
who educates the patient, particularly regarding strat-
egies to manage early complications like nodules and 
hallucinations from subcutaneous infusion, contributes 
to successful therapy continuation. Therefore, vigilant 
monitoring of adverse events and prompt manage-
ment are crucial. For instance, hallucinations associ-
ated with CSAI can be managed using medications 
like cholinesterase inhibitors or clozapine, preventing 
unnecessary discontinuation of CSAI. It is essential 
for patients to be well-informed about these manage-
ment options (8,10).

To improve patient adherence to treatment, a 
contact number should be provided upon discharge, 
allowing patients to seek clarification and guidance as 
needed. This facilitates ongoing communication with 
the PDNS to ensure continuous therapy support (10). 
This proactive approach helps to address concerns and 
challenges that may arise during the course of CSAI 
therapy, promoting treatment adherence and patient 
well-being. Future research should focus on develop-
ing standardized guidelines for PDNS roles in CSAI 
therapy and investigating long-term outcomes. High-
quality, large-scale studies are needed to further ex-
plore the impact of PDNS on treatment adherence 
and patient outcomes. In conclusion, the involvement 
of PDNS in CSAI therapy is crucial for managing 
PD effectively. PDNS play a key role in patient edu-
cation, technical support, and continuous monitor-
ing, which significantly contributes to the success of 
the therapy. Ensuring proper training and education 
for both PDNS and patients can prevent therapy dis-
continuation and improve overall patient outcomes. 
The limitation of the review relates to the paucity of 
scientific literature, particularly a small number of 
large, randomized, blinded studies related to the nurs-
ing figure who relates to the PD patient who is ad-
ministered CSAI. Indeed, few studies describe what 
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