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ABSTRACT

Objective To compare differences in recruitment and
attrition between placebo control randomised trials of
surgery, and trials of the same surgical interventions and
conditions that used non-operative (non-placebo) controls.
Design Meta-epidemiological study.

Data sources Randomised controlled trials were
identified from an electronic search of MEDLINE, EMBASE
and Cochrane Central Register of Controlled Trials from
their inception date to 21 November 2018.

Study selection Placebo control trials evaluating efficacy
of any surgical intervention and non-operative control trials
of the same surgical intervention were included in this
study. 25730 records were retrieved from our systemic
search, identifying 61 placebo control and 38 non-
operative control trials for inclusion in analysis.

Outcome measures Primary outcome measures were
recruitment and attrition. These were assessed in terms
of recruitment rate (number of participants enrolled, as

a proportion of those eligible) and overall attrition rate
(composite of dropout, loss to follow-up and cross-overs,
expressed as proportion of total sample size). Secondary
outcome measures included participant cross-over rate,
dropout and loss to follow-up.

Results Unadjusted pooled recruitment and attrition

rates were similar between placebo and non-operative
control trials. Study characteristics were not significantly
different apart from time to primary timepoint which was
shorter in studies with placebo controls (365 vs 274 days,
p=0.006). After adjusting for covariates (follow-up duration
and number of timepoints), the attrition rate of placebo
control trials was almost twice as high compared with
non-operative controlled-trials (incident rate ratio (IRR)
(95% Cl) 1.8 (1.1 to 3.0), p=0.032). The incorporation of
one additional follow-up timepoint (regardless of follow-up
duration) was associated with reduced attrition in placebo
control surgical trials (IRR (95% Cl) 0.64 (0.52 to 0.79),
p<0.001).

Conclusions Placebo control trials of surgery have similar
recruitment issues but higher attrition compared with non-
operative (non-placebo) control trials. Study design should
incorporate strategies such as increased timepoints for

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Randomised controlled trials incorporating a pla-
cebo control to evaluate effectiveness of a surgical
intervention were compared with randomised trials
comparing the effectiveness of the same surgical
intervention with non-operative controls.

= In addition to primary outcomes collected, second-
ary outcomes including participant cross-over rate,
participant dropout and participant loss to follow-up
were recorded and evaluated.

= To minimise bias, data was extracted independently
by pairs of investigators and arbitrated by a third
investigator if necessary.

= Findings are limited by missing data and non-
reporting of recruitment (n=42 studies) or attrition
(n=4 studies) data.

= The relatively small amount of placebo-controlled
surgical trials published in the literature limit the

certainty of our evaluations.

given follow-up duration to mitigate losses to follow-up
and dropout.
PROSPERO registration number CRD42019117364.

INTRODUCTION
Placebo control trials are the gold standard
for determining the true therapeutic effect
of interventions.' However, placebo trials
commonly face difficulties in participant
recruitment due to a lack of willingness to
participate especially in surgical placebo
trials due to its inherently invasive nature and
higher risks of anaesthetic adverse events and
infection.”™

Invasive and lengthy procedural processes
in surgical trials may also lead to partici-
pant attrition.” Attrition refers to losses
in participant information either due to

dropout or missing data over the duration of
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a longitudinal study.® These losses can create imbalances
in study groups introducing bias and reduced statistical
power secondary to a smaller sample size.®*

The extent of attrition and recruitmentissues in placebo
control trials of surgical interventions have not been
explored empirically. The aim of this study was therefore
to investigate differences in participant recruitment and
attrition rates between placebo and non-operative (non-
placebo) control surgical trials testing the same surgical
intervention to guide future planning of placebo control
studies.

METHODS

Design

We performedameta-epidemiologicalstudyandregistered
the protocol in the PROSPERO International Prospec-
tive Register of Systematic Reviews (CRD42019117364)
(online supplemental files 1 and 2). We followed the
reporting guidance of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)."

Inclusion criteria and eligible study identification

This study included randomised controlled trials incor-
porating a placebo control to evaluate the efficacy of any
surgical intervention and randomised trials comparing
the effectiveness of the same surgical intervention with
non-operative controls. The latter may comprise either
standard care or no treatment. Trials were excluded if
they were not evaluating the same surgical effect as the
corresponding placebo control trial, for example, the
non-operative control group received co-interventions
not provided to the surgical group.

Surgery was defined as any invasive procedure that
allows access to internal anatomy for example through a
skin incision. The surgical placebo is ill-defined and can
vary in fidelity but was defined as any ‘imitation proce-
dure’ differentiated by the patient, which lacks the key
surgical element(s) M

This study used the search strategy and eligibility
criteria from an associated publication by Karjalainen
et al (online supplemental appendix 1).'* Detailed data
on the search strategy and eligibility criteria (including
the PRISMA diagram of included studies) are available
via the supplementary files of Karjalainen et al'® Based
on a full-text assessment, trials were excluded because of
two main reasons: they did not meet our definition of a
surgical intervention (such as the injection or heating of
tissue) or they were duplicate articles. The search identi-
fied 62 placebo controlled surgical trials.

Our search included eligible placebo control trials
from a published systematic review by Wartolowska et al'
as well as an extension of its search until 21 November
2018. We also searched the reference lists of included
studies for additional eligible studies. To identify rele-
vant effectiveness trials (incorporating non-blinded non-
operative controls), relevant Cochrane reviews assessing
the index surgical procedure were identified and their

literature searches were also extended until 13 March
to 15 March, 2019. Where no relevant Cochrane review
was identified, a search algorithm was devised and
applied to the Cochrane Central Register of Controlled
Trials, MEDLINE and Embase from their inception
until the same date of search. To determine eligibility,
pairs of authors independently completed title/abstract
screening (TK, SA) followed by full-text review (PN, SM,
LH, MM, SA).

Data extraction

All data were extracted independently by pairs of investi-
gators (PN, SM, LH, MM) and arbitrated by a third inves-
tigator (SA) if necessary. Extracted data from included
trials included year of publication, participant charac-
teristics (age, sex), sample size, condition, intervention
type (open or minimally invasive/percutaneous surgery),
planned length of follow-up and number of follow-up
timepoints.

Primary and secondary outcome measures

Primary outcomes were participant recruitment and attri-
tion. These outcomes were assessed in terms of recruitment
rate (number of participants enrolled, as a proportion
of those eligible) and overall attrition rate (composite of
dropout, loss to follow-up and cross-overs, expressed as
proportion of total sample size).

Secondary measures included the participant cross-over
rate, defined as an unplanned protocol violation resulting
in participants in the control group receiving the inter-
vention and vice versa, and participant dropout, defined as
an inability for the participant to progress further with
the study. These were both reported as a proportion of
total number recruited. Finally, we also included partic-
ipant loss to follow-up, defined as the inability of investi-
gators to obtain information at planned timepoints for
reasons other than participant dropout. Where available,
these components of attrition were characterised at each
follow-up timepoint.

Statistical analyses

Descriptive statistics were used to summarise key aspect of
the selected studies. The ‘metaprop’ command in Stata
V.16 was used to estimate pooled recruitment and attrition
rates, stratified by study type (placebo vs non-operative
control). Overall recruitment and attrition rates were the
primary outcomes used for this analysis. To account for
between-study heterogeneity, all analyses were based on
the random effect model. Random effect meta-analysis
was used to summarise attrition rates (overall, dropout,
loss to follow-up and cross-over) in placebo versus non-
operative control trials, stratified by trial groups.

Due to the nature of the data (with varying follow-up
duration), a generalised linear latent and mixed model™®
was employed for random effect Poisson regression to
examine incident rate ratio (IRR) for intervention type
(placebo or non-operative control). With this model, we
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Figure 1

also controlled for participant gender, follow-up duration
and number of follow-up timepoints.

All trials with attrition and recruitment data were
included in analyses. However, reporting biases were
suspected in studies with 0% attrition and 100% recruit-
ment and therefore sensitivity analyses excluding these
studies were performed.

Funnel plot and Egger’s test were used to assess publica-
tion bias, while meta regression was used to examine for
the effect of covariates. Risk of bias was assessed according
to Cochrane Risk of Bias Tool V.1.0. and detailed in a
related publication by Karjalainen et al."*

Patient and public involvement

As this was a meta-epidemiological study and meta-
analysis, there was no patient involvement in study design
of conduct.

RESULTS
A total of 62 placebo control trials and 38 trials with non-
operative controls (100 trials overall) were identified

controls

38 trials with non-operative
controls

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection.

(figure 1). 99 studies were included in the quantitative
analysis (1 placebo control trial excluded due to unavail-
able full text at search date'!). Detailed data on these
included studies has been included in online supple-
mental appendix 2. Study cohorts were comparable
between placebo and non-operative control trials;
however, time to the primary outcome was shorter in
studies with placebo controls (365 vs 274 days, p=0.006)
(table 1). No significant covariates were identified in
meta-regression analyses (online supplemental appendix

3).

Participant recruitment

Recruitment rate was available for 57 out of 99 included
studies (36 (59.0%) placebo and 21 (55.3%) non-
operative controls, respectively) and ranged between
9.3% and 100%.

The random effect pooled rate was similar between
placebo and non-operative control trials (rate (95% CI):
76.9% (71.1% to 82.7%) vs 77.6% (66.7% to 88.4%),
respectively, p=0.915). This included 10/36 (27.8%)
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Table 1 Participant and follow-up characteristics
Non-operative control Placebo control P value
N 38 61
Age of study cohorts (mean+SD, n)
Surgical intervention group 54.8+12.6, n=34 50.4+13.4, n=55 0.125
Control group 55.1+13.0, n=34 50.5+183.3, n=55 0.114
Other group* 48+8, n=3 47.8+5.8, n=4 0.807
Gender of study cohorts (mean+SD)
Per cent female 62.7+24.8 61.8+30.9 0.87
Follow-up characteristics (median (IQR))
Number of timepointst 3 (2-5) 4 (2-6) 0.412
Timepoint (primary outcome), days 365 (183-730) 274 (91-365) 0.006
Timepoint (longest), days 365 (365-730) 365 (183-730) 0.193

*Other group only applicable to trials incorporating three treatment arms.

TNumber of follow-up points was not available for five studies (one non-operative control and four placebo).

N, number of studies.

placebo and 3/21 (14.3%) non-operative control studies
with 100% recruitment rates. When these studies were
excluded, the recruitment rates decreased to 68.7%
(59.3% to 78.1%) in the placebo and 74.1% (58.6% to
89.5%) in the non-operative controlled studies, respec-
tively, with no between-group heterogeneity (I°=95%,
p=0.562).

Participant attrition
Opverall attrition rate was not available for 4 studies (2/61
placebo arms and 2/38 non-operative controls) and
ranged from 0% to 80.0% in trials with available data.
Median (IQR) attrition rates were lower in placebo trials
(12.4% (6.1%-29.8%)) compared with non-operative
control trials (20.7% (9.1%-33.3%)); however, these
did not reach statistical significance. These results also
comprised 5/59 (8.5%) placebo arm studies and 2/36
(5.6%) of non-operative control studies with no partici-
pant attrition. For studies with attrition, the random effect
pooled overall attrition (rate (95% CI)) did not differ
significantly between placebo (21.2% (17.2% to 25.2%))
and non-operative (23.7% (18.8% to 28.6%)) controlled
studies (p=0.811). This was also true for discrete compo-
nents of attrition including loss to follow-up, dropout and
cross-over rates (online supplemental appendices 4-6).

Random effect Poisson regression

The median (IQR) number of follow-up timepoints (4
(3-5.5) and 3.5 (2-6), p=0.748) was similar between non-
operative and placebo control trials, respectively. Longest
follow-up timepoint (365 (319.5-730) and 365 (183-456)
days, p=0.143) was also similar between non-operative
and placebo control trials, respectively.

Following correction for covariates especially the varied
study durations, Poisson regression analyses showed
significant between-group differences in the rates of
dropouts, loss to follow-up and attrition (table 2). Poisson

regression demonstrated a higher attrition rate in
placebo trials compared with non-operative control trials
(IRR 1.8 (95% CI 1.1 to 3.0), p=0.032) and was predom-
inantly seen in the medium term (500 days). The higher
attrition rate in placebo trials was due to higher loss to
follow-up (IRR 2.6 (95% CI 1.04 to 6.3), p=0.042) and
higher dropout (IRR 3.5 (95% CI 1.1 to 11.3), p=0.037)
as seen in figure 2.

The incorporation of just one additional follow-up
timepoint (regardless of length of follow-up, that is,
increased frequency of visits) is associated with a reduc-
tion in attrition (IRR (95% CI) of 0.64 (0.52 to 0.79),
p<0.001) in placebo control surgical trials, largely driven
by fewer losses to follow-up (IRR (95% CI) of 0.68 (0.52
to 0.89), p=0.004).

Publication bias

Egger test (p<0.001) indicated the presence of publication
bias with the majority of included studies having low attri-
tion rates (online supplemental appendix 7). Publication

Table 2 Association between attrition rates and type of
control group (placebo or non-operative) in surgical trials

Incident 95% CI

rate ratio

(IRR) Lower Upper P value*
Attrition 1.8 1.1 3.0 0.032
Loss to 2.6 1.04 6.3 0.042
follow-up
Dropout 3.5 1.1 11.3 0.037

IRRs expressed for placebo control trials as a ratio of incident
rates for non-operative control trials.

*Poisson regression analysis using a generalised linear latent and
mixed model to examine IRR, while controlling for participant
gender, follow-up duration and number of follow-up timepoints.
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Figure 2 Poisson regression of median attrition rates (dropout, loss to follow-up, death, overall attrition) between placebo and

non-operative controls.

bias was greater in placebo control trials compared with
trials of non-operative trials (online supplemental appen-
dices 8 and 9).

DISCUSSION

This review demonstrates key differences in participant
recruitment and retainment when comparing placebo
control and non-operative (non-placebo) control
randomised trials of surgery. After adjustment for the
number of follow-up timepoints and study duration,
attrition losses were almost twice as high in placebo
control compared with non-operative control trials. This
was primarily driven by participant follow-up losses and
dropouts.

Participant recruitment

Surgical randomised controlled trials can face recruit-
ment rates as low as 8%, due to patients frequently
failing to meet eligibility criteria for a small and specific
target populations.”'® Addition of a placebo component
further exacerbates this problem by undermining will-
ingness to participate.’ 1718 Participant surveys suggest
this unwillingness stems from common perceptions that
invasive surgical placebos are associated with greater
risks (eg, infection).'® " Data from previous randomised
controlled trials as reported by Hare et al,4 indicate partic-
ipant concerns regarding the possibility of receiving
placebo surgery being the most common reason (38%)
for non-participation despite eligibility. Contrary to these
expectations, our results demonstrated no significant
difference in recruitment rate between placebo control
and non-operative control trials. Our findings may be

biased by sampling from published literature, with the
non-representation of placebo control surgery trials that
experienced stoppage and/or early termination due to
recruitment failure.

Participant attrition
Our findings suggest placebo control surgery trials expe-
rience a twofold higher attrition rate (when considering
cross-overs, dropouts and follow-up losses) compared
with non-operative control surgery trials, after adjusting
for the duration and number of follow-up timepoints.
One possible cause for higher attrition rates in placebo
control trials could be early unblinding. It is well-known
that rigorous blinding is required to maintain equipoise
(and fidelity) in placebo control surgery trials to ensure
participant retention."’ * *! Meta-analysis by Hrébja-
rtsson et al found that non-blinded control groups suffer
from 79% higher risk of dropouts and 55% higher risk
of co-intervention use when compared with blinded
control groups.22 The difficulties of appropriate blinding
(and maintaining fidelity), especially in the context of
not receiving treatment with persisting symptoms, likely
account for the higher rates of attrition in placebo
control surgery trials when compared with other control
trials. Included trials in the present meta-analysis were
published prior to the development of the Applying
Surgical Placebo in Randomised Evaluations (ASPIRE)
guidelines for acceptable surgical placebos, and there-
fore did not report on the fidelity and blinding of their
surgical placebos.'!

Higher attrition rates in placebo control surgical trials
were primarily driven by higher losses to follow-up and
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participant dropout. With the inherent nature of surgical
interventions being a ‘one-time’ irreversible change,* loss
to follow-up and participant withdrawals may be higher
when there is a long follow-up period with no concomi-
tant treatments.** This is typical of placebo surgery trials,
while non-operative trials tend to involve comparators
that require ongoing intervention (therefore facilitating
parallel follow-up).

We also found that differences in attrition rates
between placebo and non-operative control trials of
surgery arise primarily in the medium term (~500 days),
suggestive of a ‘participant demotivation’ phenomenon
that develops over moderate-term to longer-term study
participation.” ™ Participant demotivation seems to be
accelerated in placebo control trials, with the presence
of additional uncertainty regarding potential allocation
of a ‘surgical placebo’. This demotivation likely peaks
following the short-term optimism initially present at
enrolment into a placebo control surgery trial. Moreover,
the finding of additional follow-up timepoints correlating
with a reduction in attrition suggests frequent follow-up
timepoints may enable ongoing contact and thus partici-
pant retention, as positive relationships between partici-
pants and trial staff are fostered.”*

Publication bias

Trial discontinuation and non-publication is common
and occurs more frequently in surgical than medical
trials.>'*® Publication bias, or the selective submission
or acceptance of a study into literature as such,”®*" is a
likely limitation of the present findings. The majority
of included studies had low attrition rates overall, indi-
cating less publication of both placebo and non-operative
control surgical trials with high attrition rates.®

Strengths and weaknesses

This study has several major strengths including a
protocol-driven,  preplanned, meta-epidemiological
design that included all published surgical placebo
trials until November 2018. Given our research ques-
tion did not assess intervention effectiveness but rather
described overall data from a methodological perspec-
tive, it is unlikely additional trials will change our conclu-
sion. However, our findings are limited by missing data
and non-reporting of recruitment (n=42) or attrition
data (n=4) in some trials. Thus, our findings may be an
underestimation of the true difference in attrition rates
between placebo surgery trials and non-operative trials,
as unfavourable attrition/recruitment data is less likely to
be published.

Implications and future research

There is a need to investigate reasons why participant
attrition occurs at a higher rate when placebo controls
are employed in randomised trials of surgery. Future
studies build on existing ASPIRE guidelines to explore
the relationship between varying levels of placebo fidelity
and rates of attrition."" Patient education and greater

transparency may promote confidence and willingness
among eligible patients to participate. As such, future
studies may also explore patient perceptions and atti-
tudes towards placebo surgical procedures. Strategies to
maximise continuous patient engagement may include
guaranteeing placebo-exposed patients the surgical inter-
vention if a statistically significant benefit is observed.
This study also demonstrated that additional follow-up
timepoints are associated with less attrition, thus closer
follow-up is recommended in placebo control trials.

CONCLUSION

Placebo control trials of surgery have higher attrition
rates when compared with trials with non-operative (non-
placebo) controls. Our findings suggest that the design
of surgical placebo trials should incorporate strategies
with one key strategy being more frequent follow-up (for
a given duration of follow-up) to mitigate losses to follow
and dropout.
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