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There have been several recent scientifi c advances in gene-based and cell-based therapies that might translate into 
novel therapeutic approaches for neurodegenerative disorders. Such therapies might need to be directly delivered 
into the CNS, and complex scientifi c and ethical assessment will be needed to determine whether a sham 
neurosurgical arm should be included in clinical trials assessing these agents. We have developed a framework of 
points for investigators to consider when designing trials that involve direct delivery of a therapeutic agent to the 
CNS. The inclusion of a sham neurosurgical arm will be guided in part by the objectives of the clinical study 
(preliminary safety, optimisation, and feasibility vs preliminary effi  cacy vs confi rmatory effi  cacy) and the need to 
minimise bias and confounds. Throughout the clinical development process, the perspectives of researchers, 
ethicists, and patients must be considered, and risks should be minimised whenever possible in a manner that is 
consistent with good trial design.

Background
Randomised, double-blind, placebo-controlled trials are 
generally viewed as the gold standard in comparative 
clinical investigations. Application of this design to trials 
involving the direct delivery of therapeutic agents to the 
CNS introduces unique scientifi c and ethical issues 
because the control arm might involve a sham neuro-
surgical procedure—ie, a non-therapeutic surgical inter-
vention. Many recent advances in gene transfer and cell 
transplantation might be applicable to the treatment of 
neurodegenerative diseases. As these fi ndings are 
translated into clinical trials, questions arise regarding 
when and how a sham neurosurgical arm should be 
included in the trial design.

An international group of clinical trial researchers, 
neurologists, neurosurgeons, basic scientists, ethicists, 
and patient advocates have considered the complex 
scientifi c and ethical issues surrounding the decision to 
include sham neurosurgical procedures in clinical trials 
and have developed a framework of points for 
investigators to consider when designing a clinical study 
that involves direct neurosurgical delivery to the CNS. 
This Personal View is not a comprehensive review of the 
fi eld but rather a synthesis of the authors’ views.

Randomised, double-blind, placebo-controlled 
trials and alternative designs
Clinical trials are intended to establish the safety 
and effi  cacy of therapeutic interventions and, when 
designed well, will minimise confounding and bias. When 
studying neurodegenerative disorders, objective outcome 
measures or biomarkers of disease status are rarely 
available; thus, diligence is needed in the trial design to 
minimise bias and to address the placebo response.

In randomised, double-blind, placebo-controlled trials, 
eligible participants are randomly allocated to either 
an experimental or a control intervention (table). This 

design protects against investigator and participant 
bias in treatment assignment and controls for known 
and unknown infl uences on disease outcome. Double-
blinding ensures that study investigators and participants  
are not infl uenced by knowledge of the intervention 
assignment. Additionally, the inclusion of a placebo 
intervention is intended to control for the so-called 
placebo eff ect, whereby a participant might experience a 
clinical improvement despite receiving an inert 
substance.3 A sham neurosurgical procedure can produce 
a placebo response that diff ers from that seen with a so-
called placebo pill.  Our understanding of the physiological 
basis of the placebo response is limited and the duration 
and magnitude of the eff ect are unknown. Expectation of 
benefi t underlies the placebo response;4–6 thus, controlling 
for such eff ects is particularly important when studying 
disorders where the outcome measures may be 
susceptible to bias. The eff ect of these factors can be 
signifi cant when there is a high expectation of benefi t, as 
has been noted in some trials of new surgical therapies 
in Parkinson’s disease,7–10 and investigator expectation 
can also aff ect outcomes.

When assessing agents delivered directly into the CNS, 
a randomised, double-blind, placebo-controlled trial 
would need to include a sham neurosurgical procedure 
in the control arm. The risks, potential benefi ts, and 
ethical implications of such procedures need careful 
consideration to decide which trials should include a 
sham control arm, how invasive the sham procedure will 
be (eg, partial burr hole or delivery of an inactive vehicle), 
and whether an alternative design without a sham 
procedure could reasonably achieve the trial objectives. 
The table summarises alternative trial designs, their 
ability to minimise bias and the placebo eff ect, and 
potential benefi ts and limitations. The amount of 
expectation, and its infl uence on the placebo eff ect, 
might vary between trial designs.



Personal View

644 www.thelancetneurology.com   Vol 11   July 2012

Scientifi c considerations for trials involving 
direct delivery to the CNS
In recent decades, several studies have investigated 
gene-based and cell-based neurosurgical interventions, 
notably adrenal medullary transplantation, fetal ventral 
mesencephalon cell transplantation, and gene transfer 
for the treatment of Parkinson’s disease.11–13 Rigorous 
assessment of these studies, with the benefi t of hind-
sight, has highlighted the need for a thorough scientifi c 
rationale for the intervention and for proceeding to 
clinical trials and has identifi ed important lessons 
regarding the design, implementation, and interpretation 
of studies with neurosurgical interventions.

Findings from initial studies suggested that grafting 
of adrenal medullary tissue was of benefi t for the treat-
ment of the symptoms of Parkinson’s disease.14 However, 
subsequent reports did not show sustained benefi t, and 
the occurrence of signifi cant adverse events resulted in 
this approach being abandoned.11,15

Early case reports of the transplantation of fetal 
dopaminergic cells into the striatum of patients with 
Parkinson’s disease were encouraging.16–21 The procedure 
seemed to be well tolerated, no signifi cant safety issues 
were reported, and evidence of effi  cacy was suggested by 
graft survival, seen on imaging, and improved clinical 
out comes. Subsequent open-label trials showed similar 
clinical benefi t,22–24 and long-term graft survival and 
clinical improvement have been noted in some 
participants.25 However, trials of fetal dopaminergic cell 

transplantation that included a sham neurosurgical arm 
did not identify a clinical benefi t between groups.26,27 
Similar scenarios of a reported benefi t in open-label 
studies but limited or no benefi t in controlled trials have 
been noted in cell and gene transfer investigations of 
other agents, including GDNF,7,28,29 neurturin,8,30 and 
retinal pigment epithelial cells.9,31

These discordant results raise several questions about 
the observations noted in the open-label studies. Was 
the reported benefi t attributed to the intervention a true 
positive whereas those in the controlled trials were false 
negatives? In the case of fetal cell transplantation, this 
scenario is possible because there are substantial 
methodological diff erences between some of the open-
label case reports and the controlled trials, including 
diff erences in tissue preparation, dosing, delivery, par-
ticipant characteristics, immunosuppression regimens, 
and endpoints. Optimum cell preparation and delivery 
methods are not known, and to what extent these might 
have aff ected graft survival and clinical outcomes is 
diffi  cult to conclude.32 Was the reported improvement a 
placebo response? In the absence of a sham arm, 
diff erentiation between a placebo eff ect and a true 
benefi t is diffi  cult, and the expectations of the 
participants and investigators might have aff ected the 
outcomes. Also, only a subset of participants might be 
responders; however, post-hoc subgroup analyses 
cannot be relied upon to identify subgroups of 
responders. Could the benefi ts in the open-label studies 

Randomisation Masking Placebo 
arm

Additional considerations

Participants Rater

Randomised comparison of active intervention arm 
to placebo arm (randomised, double blind, placebo 
controlled)

Y Y Y Y Gold standard
Typically needs a large sample
For neurosurgical intervention, a sham procedure is needed

Comparison of participants before intervention vs 
after intervention, with participants serving as their 
own control

N N N N Could the disease have progressed during the course of the assessment period?

Comparison of participants receiving active 
intervention vs historical data from similar 
participants (historical controls)

N N N N Are the participants suffi  ciently similar in terms of diagnostic criteria used, age, 
background treatments, and disease duration?
Are the assessments done in an identical manner?
Has the standard of care changed?
Is there an eff ect of time that renders the comparability of the groups imperfect?

Randomised comparison of active intervention arm 
vs concurrent best medical management arm

Y N Y N Bias could be mitigated, but not removed, by incorporating masked raters
Participant bias would probably persist because participants are not masked to 
treatment assignment

Within-participant comparison of active intervention 
vs placebo (crossover)

Y Y Y Y Advantageous for small sample sizes and heterogeneous disorders
All participants receive active agent at some point during the study, which might 
improve recruitment
Is the washout period between treatment arms of suffi  cient duration?
Does the disease state vary over time?
Cannot be easily used for time to event outcomes
Cannot be used with irreversible interventions

Randomised-start design1 Y Y Y Y Can be useful when assessing disease modifi cation2

All participants receive active agent at some point during the study, which might 
improve recruitment
Can be impractical if a second neurosurgical intervention is needed to maintain masking

Table: Trial designs for comparative studies
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be secondary to bias in the outcome assessments or 
study management? Was there appropriate separation 
between the researcher who developed the therapy and 
the rater so that bias was minimised? Finally, did 
publication bias play a part—ie, were negative studies 
not published?

Methodological review of these studies highlights 
important issues for the design, implementation, and 
interpretation of studies that involve neurosurgical 
interventions. The small preliminary studies were often 
designed to assess feasibility and were exploratory in 
nature; the primary objective was not to assess effi  cacy. 
When only a few participants are studied, there is a 
likelihood of missing by chance clinically important 
adverse events, and conclusive statements regarding 
safety cannot be made on the basis of a small sample. 
Furthermore, although some of the early-phase studies 
were not designed to assess effi  cacy, conclusions were 
drawn regarding clinical benefi t.14,33 Because participants 
had received an irreversible intervention, their clinical 
response could be assessed over time, whereas in a drug 
trial the investigational drug is usually discontinued 
after a prespecifi ed period and any associated eff ect is 
likely to wane. However, conclusions regarding effi  cacy 
should not be drawn from trials that were not designed 
to determine effi  cacy. A further issue in the early studies 
is the inclusion of multiple effi  cacy outcome measures. 
Although obtaining as much information as possible 
from each study participant might be of interest, dis-
cipline in design, management, analysis, and reporting 
is important to minimise erroneous conclusions.

Ethical considerations for trials involving direct 
delivery to the CNS
To justify proceeding to a clinical trial of an investigational 
agent in human beings, there must be a very strong 
scientifi c rationale, because exposing participants to 
potential risks without adequate scientifi c justifi cation is 
unethical.34 Similarly, from both scientifi c and ethical 
perspectives, the study design should ensure the question 
under investigation will be answered.34 These standards are 
crucial when the trial involves direct delivery of an agent to 
the CNS and a sham procedure is being considered.

The inclusion of a sham neurosurgical arm in clinical 
trials has been strongly debated and requires adherence 
to the highest standards of research design and ethics.35–41 
A sham surgical procedure entails higher risk than a 
placebo in a medical trial; in the USA, federal regulations 
require that risks to participants be minimised and be 
reasonable in relation to anticipated benefi ts, if any;42 
regulatory agencies and ethics review committees in 
other jurisdictions follow a similar approach.43 As such, 
substantial consideration must be given to the rationale 
for the inclusion of a sham arm. Moreover, one must 
bear in mind that investigators and participants might 
have diff erent perspectives on the signifi cance of the 
risks and potential benefi ts of a study.

If a sham arm is to be included, the procedure used 
should have the absolute minimum risk necessary while 
maintaining the scientifi c integrity of the trial. Although 
reporting of adverse events has varied across studies, use 
of a partial burr hole has a favourable safety profi le, with 
associated serious adverse events reported rarely8,9,44,45 
compared with the higher risks associated with a 
trajectory into deep brain nuclei.46 One must assess, 
with patient input, whether the study objectives are of 
suffi  cient value to warrant the potential risks, and must 
ensure that the study design will allow the study objectives 
to be met. Does the sham procedure substantially 
increase the ability to interpret the results, or could an 
alternate design answer the question? Parameters of the 
intervention, such as dose, delivery method, and 
formulation, will ideally be optimised before the inclusion 
of a sham arm. If optimum parameters are not yet 
defi ned, a sham controlled study can only eliminate one 
of many possible suboptimal regimens. Optimisation of 
parameters for a surgical intervention in human beings 
involves the careful con sideration of providing at least a 
possibility of benefi t given the surgical risk entailed.

There are further ethical considerations for trials that 
involve special populations. In studies that include a 
participant who might be cognitively impaired, the 
capacity of the participant to give informed consent needs 
to be carefully considered, and there might be cases 
where consent by a caregiver or participant assent can be 
obtained.47 Research involving paediatric populations 
may involve additional safeguards; for example, in the 
USA, for research that poses more than a minor increase 
over minimal risk, there must be the prospect of direct 
medical benefi t to individual participants.48 If there is no 
such prospect, then additional review is required by the 
Department of Health and Human Services regulations.48 

The issue of limited resources is also relevant. For 
example, in some health-care systems, operating room 
and staff  availability is limited, highlighting one of the 
ethical issues of use of resources for sham neurosurgical 
procedures, because the use of resources for sham 
procedures might reduce the availability for other 
operations.

Patient considerations and perspectives on trials 
involving direct delivery to the CNS
The views and concerns of patients and family members 
must be considered, respected, and addressed throughout 
all stages of a trial. Although the goals of investigators 
might be focused on scientifi c advancement, patients 
might be interested primarily in the opportunity to improve 
their disorder. Additionally, patients and inves tigators 
might defi ne the risks of a procedure and the value of a 
trial diff erently, and the trial design, implementation, and 
closure and the consent process must address these 
diff ering viewpoints to the greatest extent possible.

The systematic, published data regarding patient view-
points on the use of sham neurosurgical controls are 
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limited but suggest that the individual patient 
perspective might diff er from that of the investigator or 
ethicist. For example, when surveyed about a hypothetical 
trial assessing a novel surgical intervention, most 
Parkinson’s disease researchers favoured a sham 
controlled study,49 whereas patients with or without 
Parkinson’s disease more strongly supported an open-
label study despite fi nding sham surgery ethically 
acceptable.50 Although patients are concerned about 
false negative results,51 Parkinson’s disease clinical 
researchers have expressed concern about false positives 
if a study does not include a masked control.49,52 
Additionally, interviews with pa tients with Parkinson’s 
disease who participated in clinical trials involving sham 
procedures have identifi ed various viewpoints.53 Many 
participants initially viewed the inclusion of a sham arm 
negatively, although about the same number viewed it 
neutrally. However, most participants understood the 
purpose of a sham arm and the diff erence between sham 
and experimental proce dures. Most participants 
expressed optimism that the experimental intervention 
might be of benefi t to them. With progressive 
neurological disorders for which there are no eff ective 
disease-modifying treatments, the hope of receiving 
individual benefi t might infl uence a patient’s choice to 
participate in a study. This point emphasises the 
importance of discussing the scientifi c rationale and 
uncertainty inherent to clinical investigation during the 
informed consent process in an eff ort to maximise 
patient understanding.

If a sham arm is included, the reasons for selection of 
such a design, the procedure-associated risks, and the 
possibility that a sham procedure might preclude 
enrolment in future trials should be discussed during the 
consent process. Some studies might include an open-
label extension period wherein all participants receive 
the experimental agent if prespecifi ed criteria are 
achieved. This design can allow all participants the 
prospect of early access to a new treatment, which might 
improve enrolment and participant satisfaction, but the 
circumstances under which the investigational agent will 
be available must be clearly specifi ed in the consent form 
and investigators must ensure that they are understood 
by participants. Furthermore, because participants might 
experience a placebo response, the potential psychological 
eff ect of learning treatment allocation should be discussed 
at the time of enrolment and study conclusion. Moreover, 
allowing participants the option of remaining masked 
after trial completion might be appropriate.

Various viewpoints on the placebo eff ect and alternatives 
to sham neurosurgery have been suggested by patients. 
Some patients have proposed that extended follow-up of 
participants could obviate the need for inclusion of a 
sham arm because the placebo response might wane 
over time, allowing a true benefi t to be identifi ed.54  
Another suggestion was that the apparent benefi t of a 
placebo might potentiate a therapeutic eff ect in those 

receiving the active agent and need not be controlled but 
rather viewed as part of the treatment eff ect.41 Also, 
concern has been raised by patients that a profound and 
prolonged placebo eff ect, as has been noted in several 
neurosurgical studies in Parkinson’s disease,8–10 might 
mask a true benefi t of an intervention, resulting in an 
agent incorrectly being deemed ineff ective.51 As an 
alternative to a sham arm, patients have suggested 
subtracting the amplitude of the placebo eff ect from the 
reported treatment eff ect; however, the magnitude of the 
placebo response is variable,55 which precludes such use 
of historical data.

Patients have also expressed interest in the random-
isation ratio, suggesting that more participants could be 
enrolled in the active intervention arm and that masking 
could be maintained after study completion.54 They have 
also expressed concern that receiving a sham procedure 
might preclude them from future trials because previous 
neurosurgery is often an exclusion criterion. An 
additional issue of importance to patients in some 
health-care systems is the potential fi nancial burden that 
might be incurred if they experience a trial-related 
adverse event.54,56

Points to consider for trials that involve delivery 
to the CNS
Given the aforementioned scientifi c and ethical issues, 
we present a framework of points to consider when 
designing trials that involve delivery of an agent to 
the CNS where a sham neurosurgical arm could be 
considered (panel).

Preliminary safety, optimisation, and feasibility studies
As is typical in any therapeutic development process, 
initial studies will probably focus on optimisation of 
the intervention as well as assessment of safety and 
tolerability. Animal studies, including relevant disease 
models, can probably be used to inform these clinical 
studies. The utility of preliminary animal and human 
studies might be limited by the irreversibility of the 
treatment, the inability to adjust or optimise treatment 
parameters in individual patients (unlike for deep brain 
stimulation), and the inadequacy of most animal models 
to reliably predict outcomes in human beings.

When feasible, the earliest investigations should 
be aimed at optimisation of preparation and delivery of 
the investigational agent and at showing that the 
therapeutic agent is transported within the brain and is 
able to reach the desired target. Pharmacokinetic param-
eters can be assessed, and the longevity and durability of 
the agent, for example cell or vector survival or trans gene 
expression, can be assessed when methodo logically 
feasible. Initial studies can also address dose fi nding 
where biological activity is assessed. Although safety 
assessments cannot be conclusive in such small, early 
studies, preliminary safety assessments can be inform ative 
by showing either little risk or unexpected events.
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Once delivery parameters have been optimised, safe 
dosing paradigms and the maximum tolerated dose are 
generally identifi ed. An adequate number of participants 
must be included to obtain a meaningful assessment of 
safety. For example, if no clinically signifi cant adverse 
events are reported in a trial with 20 participants, adverse 
event frequencies as high as 15% could be missed 
because they still fall within the (exact binomial) 
95% confi dence bound.57

The study protocol should clearly defi ne a primary 
outcome measure as well as any secondary or exploratory 
outcomes. If any effi  cacy measures are included in these 
initial studies, they must be prespecifi ed and secondary 
to safety. Within the publication, the primary outcome 
should be clearly identifi ed and reported. Because such 
studies are not designed with effi  cacy as the primary 
outcome, effi  cacy outcome measures must be interpreted 
and reported with caution.

For the earliest trials in human beings, when safety 
and feasibility are not yet established, inclusion of a sham 
neurosurgical arm might be diffi  cult or inap propriate. 
However, a sham control design might be justifi ed in 
some early trials if initial data regarding dose, delivery, 
and feasibility are available and if a suffi  cient number of 
participants are included and the emphasis of the study 
is on assessment of measures of biological activity and 
effi  cacy. Moreover, if preliminary effi  cacy results are 
intended to guide so-called go–no go deci sions, then a 
sham control design might be warranted.

Preliminary effi  cacy studies
After the preliminary optimisation and safety studies, 
subsequent studies will probably be aimed at assessment 
of both effi  cacy and safety. There are several prerequisites 
for this stage of development. An unbiased research 
team must be established, with appropriate independence 
from the basic science researcher, treating investigator, 
and outcome rater. Also essential is that participating 
investigators are uncertain about the eff ectiveness of the 
intervention because clinical benefi t has not yet been 
reliably shown. The primary outcome measure needs to 
be clearly defi ned and must show an improvement that is 
clinically meaningful to a patient so that the risk of a 
neurosurgical procedure is reasonably balanced by the 
potential clinical benefi t and the value of the generalisable 
knowledge. When validated, a surrogate outcome can be 
used; while there are no validated markers of disease 
progression for neurodegenerative disorders, inclusion 
of exploratory markers of bioactivity might be of interest 
in such studies. At this point in development, consid-
eration of a staged trial design with interim effi  cacy or 
futility and safety analyses is often worthwhile so that a 
study can be terminated at the earliest evidence of futility 
or failure and participants are not exposed to any 
unnecessary risks.

Because one of the objectives at this stage of 
development is to show signs of effi  cacy, sham surgical 

controls can be considered. Alternative designs might be 
appropriate, keeping in mind the need to minimise bias 
and control for the placebo eff ect through randomisation 
and masking, while also balancing patient interest in 
increasing the likelihood of receiving the investigational 
agent. If a historical control is proposed, several questions 
need to be addressed (table). How recent are the control 
data and how reliable is their use for the present disorder? 

Panel: Points to consider for trials involving direct delivery of an investigational 
agent to the CNS

Preliminary safety, optimisation, and feasibility studies
Study objectives
• Optimisation of intervention, feasibility, and preliminary safety and tolerability

Points to consider
• What is the primary outcome?
• What are the secondary outcomes?
• Are there suffi  cient data regarding the following to justify the inclusion of a sham 

procedure: safety, feasibility, dose, delivery, and participant numbers?

Preliminary effi  cacy studies
Study objectives
• Effi  cacy and safety

Points to consider
In addition to the above
• Is the research team unbiased and uncertain about the eff ectiveness of the intervention?
• Is the eff ect size clinically meaningful?
• Have interim analyses for safety, effi  cacy, and futility been considered?
• Is the comparator arm appropriate?
• Should a sham procedure be considered, or is there an alternative design that can 

adequately minimise bias and control for the placebo eff ect?
• Has patient interest in receiving the investigational agent been considered?

Confi rmatory effi  cacy studies
Study objectives
• Effi  cacy and safety

Points to consider
In addition to the above
• Has the research team remained uncertain about the eff ectiveness of the intervention 

despite fi ndings of preliminary effi  cacy? 
• Are treatments randomised and double-blind to ensure masking of the investigators, 

assessors, and participants? Does this require a sham procedure, or is there a 
comparable control?

All studies where a sham neurosurgical procedure is considered
Points to consider
• Is the rationale for the study scientifi cally and ethically sound?
• Is risk to the subject minimised?
• If a sham procedure is included, is it the most minimally invasive that can generate 

uncertainty and answer the question under study?
• Have all potential biases been minimised?
• Does the informed consent process address the following: scientifi c rationale for the 

study, uncertainty of benefi t, possibility that a sham procedure might preclude enrolment 
in future trials, and circumstances under which open-label access might occur?

• Has an external advisory committee been considered?
• Has a data and safety monitoring board been considered?
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How does this design address the placebo response? Is 
there a mechanism to control or mitigate investigator 
bias? If a concurrent standard care arm is included, is the 
placebo response still a potential factor? Other trial 
designs might include an active surgical control. For 
example, deep brain stimulation could be an active 
comparator in a surgical trial in Parkinson’s disease, but 
masking of the partici pants would be diffi  cult. In such 
designs, one must ask whether the comparator 
population is appropriate. How equivalent is the 
comparator intervention to the inves tigative intervention? 
Are the participant populations similar in terms of 
disease severity and other eligibility criteria? As with 
other designs, one must assess whether the design 
addresses the placebo response, investigator bias, and 
participant bias.

Confi rmatory effi  cacy studies
If the preliminary effi  cacy trial does not show evidence of 
failure or futility, then a defi nitive trial will probably be 
needed to reliably show effi  cacy. Even though these 
studies are probably supported by encouraging pilot data, 
investigators should remain uncertain regarding the 
eff ectiveness of the intervention. The study should be 
designed for a clinically meaningful eff ect size, especially 
given the risks of surgical delivery. To minimise bias and 
control for the placebo response, treatment assignments 
should be randomised and double-blind. This design can 
be achieved by the inclusion of a sham arm or a 
comparable control that eff ectively masks the in-
vestigators, assessors, and participants to the treatment 
allocation.

General principles regarding sham neurosurgical arms
On the basis of both science and ethics, the following 
principles should guide the decision for and 
implementation of a sham neurosurgical arm. At all 
times, risk to the participant should be minimised. When 
selecting the sham procedure, a minimally invasive 
procedure that can generate uncertainty regarding the 
actual participant treatment assignment should be used. 
Recent experiences suggest the sham procedure might 
not need to be more invasive than a partial burr hole; a 
more invasive procedure must be deemed essential for 

answering the research question. Also, the choice of 
anaesthesia or sedation should keep risk to a minimum. 
All potential biases must be minimised; such eff orts are 
relevant not only to investigator assessments but to the 
participant, their family members, and the involved 
clinical staff . Standardisation of masking and surgical 
procedures and training of personnel will help to avoid 
inadvertent unmasking.

Given the complex considerations inherent in a sham 
arm as well as the diverse perspectives that must be taken 
into account, establishment by the study leadership of an 
independent external committee to provide advice 
throughout both trial design and implementation can be 
benefi cial. This committee could include investigators, 
statisticians, ethicists, and patients. Additionally, a data 
and safety monitoring board with a similar representation 
might be warranted.

Finally, participants who receive a sham neurosurgical 
procedure in a clinical trial should not be precluded 
automatically from enrolling in a subsequent trial that 
uses a neurosurgical procedure to deliver an inves-
tigational agent or from a more standard non-surgical trial. 

Conclusions
When designing clinical trials of new therapeutic 
agents for neurodegenerative disorders, mitigating bias 
and controlling for confounding variables are 
paramount. The disease process cannot be directly 
observed, and the function-based and symptom-based 
assessments typically used can be susceptible to 
observer bias. When the trial includes a sham 
neurosurgical arm, the risks to participants can be 
increased, and a careful risk-to-benefi t analysis is 
essential. The framework described here is a guide to 
the issues that should be considered during the 
therapeutic development process. There might be 
additional disease-specifi c and practical factors to 
consider, such as the capacity to consent and the 
availability of resources. As objective markers of disease 
progression are developed, trial designs will become 
more streamlined, and some features such as a sham 
control arm might not be necessary. However, throughout 
each stage of clinical development, the scientifi c and 
ethical issues must be thoroughly re-assessed to ensure 
that the research question remains relevant and the trial 
design is ethical and scientifi cally sound.
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