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Mini Abstract 

We conducted a systematic review to determine whether placebo surgery controlled trials 
achieve what they set out to. Based on the analysis of 24 trials, we suggest that trialists factor 
88% additional time and 87% more recruitment sites into the design of future trials to 
increase the likelihood of reaching completion. 

Abstract 

Objective: To explore whether placebo surgery controlled trials achieve what they set out to 
do by investigating discrepancy between projected and actual design aspects of trials 
identified through systematic review methods. 

Summary background: Interest in placebo surgery controlled trials is growing in response to 
concerns regarding unnecessary surgery and the societal cost of low-value healthcare. As 
questions about the justifiability of using placebo controls in surgery have been addressed, 
attention is now being paid to more practical concerns.  

Methods: Six databases were searched from inception - May 2020 (MEDLINE, Embase, 
Emcare, APA PsycInfo, CINAHL,  Cochrane Library). Placebo surgery controlled trials with 
a published protocol were included. Three authors extracted 'projected' design aspects from 
protocols and 'actual' design aspects from main findings papers. Absolute and relative 
difference between projected and actual design aspects were presented for each trial. Trials 
were grouped according to whether they met their target sample size ('completed') and were 
concluded in a timely fashion. Pairs of authors assessed risk of bias. 

Results: Of 24 trials with data available to analyse; three were completed and concluded 
within target timeframe; ten were completed and concluded outside the target timeline; four 
were completed without clear target timeframes; two were incomplete and concluded within 
the target framework; five were incomplete and concluded outside the target timeline. Trials 
which reached the recruitment target underestimated trial duration by 88% and number of 
recruitment sites by 87%. 

Conclusions: Trialists need to factor additional time and sites into future placebo surgery 
controlled trials. A robust reporting framework of projected and actual trial design is 
imperative for trialists to learn from their predecessors.  

Review Registration: PROSPERO (CRD42019133296) 
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Introduction 

Economic pressures, variable patient satisfaction and arguable clinical benefits have placed 
the spotlight not only on the indication for certain surgical procedures in many conditions, 
but also the efficacy of surgery itself. In response, there has been a growing interest in the 
field of placebo surgery controlled trials1-4. 

Over the last decade, concerns about the safety and justifiability of placebo surgery controlled 
trials have received careful attention. Following a systematic review of placebo controlled 
trials of invasive procedures, Wartolowska et al3 concluded that the risks associated with 
placebo procedures were generally small, and that such trials were a feasible way of testing 
efficacy. This was supported by a subsequent review by Probst et al1, who concluded that 
placebo surgery controlled trials can be a valid way of testing surgical efficacy, provided that 
the ethical conditions of equipoise, consent, and risk minimisation are met.  

As fundamental questions about the justifiability of placebo surgery controlled trials have 
been exhaustively addressed, greater attention is now being paid to more practical concerns. 
Challenges faced by those undertaking placebo controlled trials of invasive procedures have 
previously been explored in an extension to Wartolowska et al’s4 earlier review. None of the 
presumed challenges examined (i.e. funding source, anaesthesia, blinding procedures, and 
recruitment rate) were reported as obstacles in the main findings papers of the trials included 
in their analysis. This led the authors to conclude that placebo controlled trials are feasible, at 
least for minor procedures with lower levels of invasiveness. However, encountering 
challenges and reporting them in a main findings paper are two separate things, which may 
have resulted in Wartolowska et al4 underestimating the barriers faced by those conducting 
these trials. Here, we take an alternative approach to highlighting potential barriers to the 
timely completion of placebo surgery controlled trials, by comparing features of trial 
planning and design reported in clinical trial registries or published protocols with those 
reported in manuscripts describing trial outcomes. We aim to: (i) document discrepancies 
between projected and actual aspects of trial design, and (ii) explore potential reasons for 
these discrepancies.  

Methods 

Protocol Design  

We conducted a systematic review of published placebo surgery controlled trials, in 
accordance with the PRISMA Statement5 and Synthesis Without Meta-analysis (SWiM) 
reporting guidelines6. This review was registered with PROSPERO (CRD42019133296). 

Search Strategy  

We systematically searched MEDLINE, Embase, Emcare, APA PsycInfo, CINAHL, and the 
Cochrane Library from inception to 21 May 2020 (see full search strategy in online 
supplement, http://links.lww.com/SLA/C871). Database searches used keywords and 
database specific vocabulary to cover two key conceptual groups: randomised controlled 
trials, and placebo surgery. Search strategies were not limited by language. In Endnote, 
duplicate references, records in languages other than English, French, Spanish or Italian, and 
records for irrelevant types of publications (e.g. case reports, editorials, comments) were 
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identified and removed. Reference management and database searches were conducted by a 
senior medical librarian (HW).   

Selection criteria  

Randomised controlled trials were eligible for inclusion only if: (i) the participants were 
adults aged >18 years; ii) they compared the efficacy of a surgical procedure to a placebo 
procedure, and (iii) a published protocol paper or clinical trial registry entry was available for 
the trial (see online supplement, http://links.lww.com/SLA/C871) 

Adapting the definition of Probst et al1, a surgical procedure was defined as a medical 
operation involving an anaesthesia and skin incision with instruments, to change the 
structural anatomy with an expectable physiological response in the target body 
compartment. We excluded trials of procedures which did not involve a skin incision to 
access the target tissue (e.g. bronchoscopy, endoscopy) and trials of procedures which did not 
seek to change the structural anatomy of the target body part (e.g. radiofrequency, neural 
ablation procedures).  

A placebo procedure was initially defined restrictively, to only include participant-blinded 
surgical procedures involving anaesthesia and skin incision only, with no change to the 
structural anatomy and without an expectable physiological response in the target body 
compartment. While there is no consensus on the definition of a surgical placebo7, our intent 
was to mimic as closely as possible the surgical version of a pharmaceutical placebo. We also 
excluded trials in which the placebo intervention was performed alongside a concomitant 
intervention that in and of itself may have a therapeutic effect.  A post hoc change to this 
definition was made as only one study met our initial eligibility criteria. We broadened our 
definition to include any surgical procedure meant to mimic the index procedure, while 
excluding parts of the index procedure thought to be therapeutically necessary (see online 
supplement, http://links.lww.com/SLA/C871).  

Study selection  

Study selection was conducted in Covidence. Title and abstract screening (EN, EC, SB) and 
full-text screening (SB, EC, PCh, MD) were both conducted by a team of reviewers. At both 
stages of this process, each study was independently screened for inclusion by two members 
of the relevant team. Disagreements were resolved through discussion among the multi-
disciplinary team. Studies excluded because of our initial definition of surgical placebos were 
rescreened following the post hoc change to the eligibility criteria. For each trial included 
following full-text screening, we searched for an entry in a clinical trial registry or published 
protocol paper. In the first instance, we looked for a trial registration number and/or 
published protocol paper cited in the main findings paper.  Where this was not provided, we 
manually searched clinical trial registries (see online supplement, 
http://links.lww.com/SLA/C871) and for a published protocol paper using the authors names. 
Only trials with a registry entry or published protocol paper were included in our analysis.  

Data extraction and Risk of Bias Assessment  

Data extraction was conducted by a team of four reviewers (SB, EC, LW, CSh). Data from 
each study was extracted independently by two members of this team. Clinical and 
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methodological features of the studies (e.g. surgical specialty, description of the index and 
placebo procedures) were extracted from the main findings paper (the first publication 
reporting the primary outcomes of the trial). Data on planned trial design (e.g. sample size, 
time to conduct trial, number of sites) were extracted from the earliest entry in a clinical trial 
registry or, if this was not available, a published protocol. Data on actual trial design were 
extracted from the main findings paper or, when this was not possible, from the final entry in 
clinical trial registry. To account for differing means of defining surgical placebos, we also 
characterised eligible trials by drawing on the ASPIRE guideline’s notion of placebos having 
differing levels of ‘fidelity’ to the index procedure8. Two reviewers (SB, CSh) individually 
characterised trials as high, medium or low fidelity, with any disagreement settled through 
discussion with a third reviewer (MD) (see online supplement, 
http://links.lww.com/SLA/C871). 

Risk of bias assessment was conducted by a team of four reviewers (SB, EC, LW, MD) using 
the Cochrane Collaboration tool for randomised controlled trials9.  Each study was assessed 
independently by two members of this team. The Cochrane Collaboration tool comprises of 
six domains, with provisions for assessing other sources of bias defined by the assessors. We 
included three additional domains: (i) sufficient sample size (we considered this to be 
different from incomplete outcome data as follow-up rates for enrolled participants were 
generally high), (ii) imbalance in the proportion of participants who underwent their allocated 
intervention (we considered this to be different from selection bias or incomplete outcome 
data) , and (iii) incidence of crossover (i.e. crossover between the study arms during the 
follow-up period where the threshold for cross over was lower in the placebo than the 
intervention arm. While ineffective blinding procedures may explain crossover, other factors 
such as treatment failure may also play a role and we therefore chose to include 'incidence of 
crossover' as an assessment criterion) . Discrepancies were resolved through discussion with 
the senior author (MD).  

Data Synthesis  

The main outcomes were trial completion and timely conclusion. Trials were considered 
complete only if their actual sample size was within 10% of the target sample size presented 
in their protocol. Trials were considered to have concluded in a timely fashion if the actual 
trial length was  within 10% of the target trial length presented in their protocol. Importantly, 
at the conclusion of a trial, not all trials were deemed to have been completed (i.e. some 
failed to meet their target sample before ending the trial).  

These outcomes were used to group trials for the purpose of narrative and tabular synthesis. 
To explore how trial characteristics differed between outcome groups, we reported the 
proportion of trials within each group. For each trial, we also presented the absolute and 
relative difference between projected and actual: time to completion; sample size; and 
number of recruitment sites. Due to a lack of reporting in trial protocols on projected time to 
recruit, data were presented for actual time to recruit only. Quantitative exploration of the 
association between trial characteristics and trial outcomes was not viable due to the limited 
number of eligible trials.  
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Results  

The database search returned 12889 records. Following removal of duplicates and limiting to 
language and publication type, 5518 records underwent title and abstract screening and 170 
underwent full text screening. The only trial which was originally eligible for inclusion in our 
analysis was a trial conducted by Roos et al.10 (see online supplement, 
http://links.lww.com/SLA/C871). 

Following adjustment to the eligibility criteria, we assessed the 73 articles which had not met 
our earlier definition of a placebo procedure against our broadened eligibility criteria. 
Twenty-nine trials met our broadened criteria following full text review, and 24 had a 
published protocol available (see Figure 1. PRISMA flow-chart). 

< Insert Figure 1. PRISMA flow-chart about here > 

The 24 trials could be grouped into three fields of research: orthopaedic surgery (n=9)10-18; 
cardiovascular surgery (n=8)19-26 and neurosurgery (n=7)27-33. The trials were conducted in 
Europe (n= 7)10,13,14,17,18,26,27; the United States (n=7)19,24,28,29,31-33; the United Kingdom 
(n=2)12,20; Australia (n=2)11,15; Canada (n=1)21; New Zealand (n=1)30 and internationally 
(n=4)16,22,23,25. The average number of study sites was 9 (range 1 - 32). The trials took on 
average 5 years (range 1.5 -10.3 years) to complete. The length of the recruitment period was 
on average 3.3 years (range 0.75 - 8.5 years) and the average sample size was 109 (range 18 - 
313). The placebo procedure was classified as 'high fidelity' in 16 trials11-15,17-27; 'moderate 
fidelity' in 6 trials28-33; and 'low fidelity' in 2 trials10,16 (see online supplement, 
http://links.lww.com/SLA/C871). A summary of each included trial is presented in Table 1. 

< Insert Supplementary Table 1, http://links.lww.com/SLA/C872. Summary of placebo 
surgery controlled trials > 

Outcomes from the risk of bias assessment are presented in Figure 2.  

< Insert Figure 2. Risk of Bias Assessment about here > 

Based on the mean percentage difference between target and actual outcomes among the 
trials which reached the recruitment target and had available data (Table 2; Completed trials, 
concluded within target timeframe and Completed trials, not concluded within target 
timeframe, http://links.lww.com/SLA/C873), trial duration was underestimated by 88% and 
the number of recruitment sites was underestimated by 87%. 

< Insert Supplementary Table 2. Completion outcomes with reference to target timeframe > 

Completed trials, concluded within target timeframe 

Three trials (n=3/24, 13%) were completed in a timely fashion19,21,28 (see Supplementary 
Table 2; Completed trials, concluded within target timeframe, 
http://links.lww.com/SLA/C873) When qualitatively compared to incomplete trials and trials 
completed outside of their target timeframe, these trials appeared to have a smaller target 
sample size on average (63 vs 146). Only one of these trials (n=1/3, 33%) required more trial 
sites than anticipated28. Two trials scored unclear risk of bias on criterion six: 'selective 
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reporting'19,21. One trial scored 'unclear' risk of bias on criterion seven: 'sufficient sample size' 
as the effect size used in the power calculation was not justified28.  

Completed trials, not concluded within target timeframe 

Ten completed trials were not concluded within their target timeframe (n=10/24, 42%)11-

14,17,18,20,25,30,33 (see Supplementary Table 2; Completed trials, not concluded within target 
timeframe, http://links.lww.com/SLA/C873). On average, they took 2.6 years longer to 
complete than anticipated, and in six trials (n=6/10, 60%) the time required to recruit 
participants exceeded the target duration of the entire trial11-14,20,33. Five trials (n=5/10, 50%) 
required additional trial sites to meet their target sample12-14,20,25, with two trials adding 18 
sites over the duration of the trial12,25. Two trials scored low risk of bias on all criteria14,20. 
Risk of bias was introduced in one criterion for one trial17 and in two or more criteria for 
seven trials11-13,18,25,30,33.  

Completed trials, without clear timeframe 

One completed trial (n= 1/24, 4%) did not have available data on the actual length of the 
trial27, and three (n=3/24, 12.5%) did not provide details on expected trial length22,29,34 (see 
Supplementary Table 2; Completed trials, without clear timeframe, 
http://links.lww.com/SLA/C873). One single site trial took 2.3 years to recruit the sample27. 
An international trial which involved 22 recruitment sites, took 0.75 years to recruit the 
sample22. Two trials scored low risk of bias22,34 and two trials were unclear risk of bias on one 
criterion27,29. 

Incomplete trials, concluded within target timeframe 

Two trials (n= 2/24, 8%) failed to reach 50% of the target sample size and concluded within 
the target timeframe10,15 (see Supplementary Table 2; Incomplete trials, concluded within 
target timeframe, http://links.lww.com/SLA/C873). One trial scored high risk of bias on one 
criterion15 and the other scored high risk of bias on five criteria10. 

Incomplete trials, not concluded within target timeframe 

Five trials (n= 5/24, 21%) were not completed and concluded outside of the target 
timeframe23,24,26,32,35 (see Supplementary Table 2; Incomplete trials, not concluded within 
target timeframe, http://links.lww.com/SLA/C873). These trials fell short of the target sample 
size by an average of 44% despite recruiting for an average of 3.9 years and extending the 
trial duration by an average of 53%. In addition, three trials (n=3/24, 12.5%) added 
recruitment sites over the duration of the trial23,24,32, with one trial adding 28 sites24. Only one 
trial reported a planned interim analysis to review evidence of treatment efficacy or adverse 
effects35. Following interim analysis of the Kallmes et al. trial 35 a decision was made to 
revise down the power calculation to reduce the target sample size due to early difficulties 
with recruitment. For all five trials, high risk of bias was introduced on criterion seven: 
'sufficient sample size'. In four trials, high risk of bias was introduced in two or more 
criteria24,26,32,35.  
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Discussion  

Based on our analysis of completed trials with published findings, we suggest that trialists are 
currently underestimating trial duration by 88% and the number of recruitment sites by 87%. 
Eighty-seven percent of trials were not completed within the projected timeframe and 29% 
did not meet their target sample size by the conclusion of the trial. These are likely to be 
conservative estimates given that this review did not take into consideration trials which were 
abandoned prior to collecting sufficient data to warrant publication. Future studies may be 
able to avoid this issue by initially searching for placebo surgery controlled trials in Clinical 
Trial Registries. This approach may identify additional failed trials, which never published 
any results and could also provide insight into the experiences of trials which are open and in 
the process of recruiting. However, as our review was able to identify six published trials that 
met all inclusion criteria other than having a registry entry36-41, this approach is unlikely to 
identify all relevant trials.   

 In addition to highlighting difficulties in reaching completion, the findings of this review 
underscore the need for improved standards in the reporting of projected and actual aspect of 
trial design.    

That only two trials met our initial definitions of 'surgical procedure' and 'placebo procedure' 
is an important finding. In our systematic review, we differentiated between 'surgical 
procedures' involving a skin incision and 'invasive procedures' involving access to the body 
via natural orifice (e.g. endoscopic procedures) or injection. As such, minimally invasive 
procedures included in previous reviews2,4 were excluded from our review. The majority of 
studies we screened failed to meet our initial definition of a surgical placebo as an anaesthetic 
and skin incision only, with no change to the structural anatomy and without an expectable 
physiological response in the target body compartment. So why do placebo surgery 
controlled trials overwhelmingly favour invasive placebos? It may be that more invasive 
placebo procedures are necessary to ensure participant and assessor blinding. Another reason 
why trialists may favour more invasive placebo procedures is the perception that they 'offer' 
something to participants randomised to the placebo arm e.g. a diagnostic image of the body 
part42-44. The perception of 'benefit' may make these trials more acceptable in the eyes of 
institutional review boards, surgeons and patients, which in turn may facilitate timely 
completion.  However, as Beard et al.8 have also discussed, 'inducing' people to participate in 
a trial by the perception that a benefit exists, is ethically problematic given that equipoise is a 
prerequisite condition. Unfortunately, the number of trials available to make comparisons 
between studies involving high, moderate and low fidelity placebo procedures was small. 
Updating this review when more trials have been completed may allow for quantitative 
exploration of the association between placebo invasiveness and trial completion. 

Almost half of the included trials were at high risk of being underpowered. Failing to reach 
adequate power means that a trial is unable to test the a priori trial hypothesis, thereby 
risking that the trial has been done for no potential knowledge gain. Our analysis highlights 
that reaching sufficient power before funds run out presents an optimisation problem for 
trialists. In addition to lengthening trial timelines, strategies trials employed to reach 
completion included adding recruitment sites and revising down the sample size calculation. 
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While lengthening the trial timeline and adding sites is associated with additional financial 
costs, factoring sufficient time and trial sites into future funding applications is important. 
While we did not locate funding information for each of the included trials, it is important to 
consider the role that funding plays in trial outcomes. Retrieving detail about the source and 
amount of funding a trial received presents a challenge. While information about publicly 
funded trials can be readily accessed, it is common for trials to seek additional funding from 
other sources over the duration of the trial. Asking trialists to share information about the 
projected and actual costs is one potential strategy that would provide useful insight into the 
economic impact of extending trial timelines and adding recruitment sites.  

Slow recruitment is unlikely to fully account for discrepancy between projected and actual 
trial duration. Additional barriers to timely completion faced by the trials in this review may 
have included, for example, delays in approval by institutional review boards, difficulties 
recruiting surgeons, and time taken to analyse data or write manuscripts. In this review, we 
took authors' reports of 'trial length' on face value (e.g. "This trial took place between 
January 2016 and March 2018"). However it was not clear what milestones these dates 
correspond to; it may be that in some cases these dates corresponded with the start of 
recruitment (first patient in) to last follow-up (last patient out); while in other cases they may 
have corresponded to the date of ethical approval and completion of data analysis. Given that 
the latter can add significant time to the trial length, this is likely to have been a source of 
heterogeneity in our data. 

While all of the included trials had a protocol registered in a clinical trial database, the quality 
of information provided in the protocols varied widely. Further, protocol papers were often 
published after the trial had commenced when recruitment was already underway and thus 
were likely to have reported a 'revised' timeline. Routinely including detail in trial protocols 
about anticipated sample size (accompanied by justified sample size calculation), number of 
recruitment sites, length of the recruitment period and trial duration as well as any changes to 
these anticipated aspects of trial design, would enable future trialists to learn from the 
experiences of their predecessors and build more realistic timeframes into the design of 
placebo surgery controlled trials.   

The lack of explicit requirement to report the nature of any challenges incurred over the 
course of the trial makes it difficult for trialists to learn from the experiences of others. We 
advocate for embedding a robust reporting framework into existing checklists such as the 
CONSORT checklist45. Explicitly providing information on projected versus actual sample 
size (including justification for adjustments to the sample size calculation), number of 
recruitment sites, length of the recruitment period and trial duration will not only assist 
trialists to design trials which are more likely to be completed, but will also enable readers to 
make more informed judgements about trial quality. Based on the findings of this review we 
suggest that trialists are currently underestimating trial duration by at least 88% and the 
number of recruitment sites by at least 87%. We recommend that trialists, grant reviewers and 
funders factor additional time and recruitment sites into the design and budgets of proposed 
placebo surgery controlled trials to increase the likelihood of reaching the target sample size 
before running out of time and/or money.  
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Figure legends: 

Figure 1. PRISMA flow diagram of study selection process 
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Figure 2. Risk of Bias Assessment.  
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