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Randomized controlled trials (RCTs) are the most robust study design for
evaluating the safety and efficacy of a therapeutic intervention. However, their
internal validity are at risk when evaluating surgical interventions. This review
summarizes existing expertise-based trials in surgery and related methodo-
logical concepts to guide surgeons performing this work. We provide caseloads
required to reach the learning curve for various surgical interventions and
report criteria for expertise from published and unpublished expertise-based
trials. In addition, we review design and implementation concepts of expertise-
based trials, including recruitment of surgeons, crossover, ethics, generalizabil-
ity, sample size and definitions for learning curve. Several RCT's have used an
expertise-based design. We found that the majority of definitions used for
expertise were vague, heterogeneous, and inconsistent across trials evaluating
the same surgical intervention. Statistical methods exist to adjust for the learn-
ing curve; however, there is limited guidance. We developed the following cri-
teria for surgical expertise for future trials: 1) decide on the proxy to be used
for the learning curve, and 2) assess eligible surgeons by comparing their per-
formance to the previously defined expertise criteria.

L’essai randomisé et controlé (ERC) représente le modele d’étude le plus solide
pour évaluer I’innocuité et I'efficacité d’une intervention, mais sa validité
interne est compromise lorsqu’on évalue des interventions chirurgicales. Cette
revue résume les essais existants sur ’expertise en chirurgie et les concepts
méthodologiques connexes pour guider les chirurgiens dans leur travail. Nous
donnons les volumes de cas requis pour atteindre la courbe d’apprentissage
propre a diverses interventions chirurgicales et nous citons les criteres
d’expertise mentionnés dans les rapports d’essais sur I’expertise publiés et non
publiés. Nous passons également en revue les protocoles et les concepts de
mises en ceuvre des essais sur 'expertise, y compris le recrutement des chirur-
giens, la permutation des groupes, 1’éthique, la généralisabilité, la taille des
échantillons et les définitions des courbes d’apprentissage. Plusieurs ERC ont
utilisé un modele basé sur I’expertise. Nous avons découvert que la majorité
des définitions du terme expertise utilisées étaient vagues, hétérogeénes et
inconstantes d’un essai a I'autre pour une méme intervention chirurgicale. Il
existe des méthodes statistiques pour ajuster la courbe d’apprentissage; par
contre, on déplore un manque de directives. Nous avons établi les criteres sui-
vants pour juger de I’expertise chirurgicale en vue de futurs essais : 1) choisir
la mesure indirecte a utiliser pour la courbe d’apprentissage, et 2) évaluer les
chirurgiens admissibles en comparant leur rendement aux critéres d’expertise
définis précédemment.

andomized controlled trials (RCTs) are the most robust study

design for assessing an intervention’s efficacy and safety. However,

when assessing skill-dependent interventions such as surgical inter-
ventions, their internal validity can be compromised by performance bias.
The characteristics of the participating surgeons and centres can affect
study outcomes and therefore validity. Surgeons generally favour one tech-
nique over others and become less familiar with alternative operative
approaches. Requesting that they perform procedures with which they are
less comfortable in the context of a trial may lead to biased and misleading
results.”* To minimize this problem, expertise-based trials are an alterna-
tive to conventional RCT's.!-
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Surgeons are an increasingly common and critical
resource when evaluating procedural interventions with
RCTs. Therefore, we summarized existing trials in the
surgical literature from an expertise-based lens, providing a
summative resource to guide future surgeons leading this
work. We examined methodological concepts inherent to
the design and conduct of expertise-based trials. Finally,
we developed criteria for surgical expertise for the design
of future trials.

Definition of expertise-based trials

In a conventional RCT, participants are randomly allo-
cated to either the intervention or control arm, and health
care providers provide both interventions. However, in an
expertise-based trial, the health care provider will vary
based on allocation owing to their expertise for the con-
trol or experimental arm to ensure that an expert performs
the allocated intervention.** This minimizes the impact of
clinician experience on patient outcomes and strengthens
internal validity. Expertise-based design is therefore
increasingly adopted to compare skill-based interventions,
even within the same field.®’

Importance of expertise-based trials in surgery

In surgical trials, intervention-related factors that may
affect outcome include the procedure, the surgeon, the
surgical team, and pre- and postoperative care.®’ In RCTss
evaluating surgical interventions, these components
should be balanced to maintain the advantages of random-
ization and to infer causality. Conventional surgical RCT's
are bound to be criticized when surgeons provide both
interventions without considering their expertise.'®!!

MEeTHODS

We performed a literature search of MEDLINE,
EMBASE, and the Cochrane Central Register of Con-
trolled Trials from inception to May 2018 for expertise-
based trials in surgery. The following keywords were used:
“randomi?ed,” “RCT,” “expertise,” “learning curve,” “ran-
dom,” “surgical,” “operative,” and “procedure.” Studies that
included procedures delivered by clinicians or intervention-
ists (e.g., interventional cardiologists, gastroenterologists,
interventional radiologists) were included. Expertise-based
trials and their definitions of expertise were reported quali-
tatively. Caseloads used for expertise for specific procedures,
such as off-pump coronary artery bypass graft (CABG),
were also reported. Methodology papers were critically
summarized. A team including cardiac surgeons, a cardiolo-
gist, and methodologist summarized the current method-
ological literature on expertise-based trials. In addition, we
developed criteria for surgical expertise as a suggestion for
the design of future expertise-based trials.
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Review of methodological literature — potential
advantages of expertise-based trials

Differential expertise bias

Surgical experience and comfort in performing an inter-
vention may influence the estimate of effect. This may be
negligible if the variation in technique is small or if the
“new” intervention requires limited procedural skills.
However, expertise becomes key when the interventions
vary significantly, making practice and familiarity crucial
to procedural outcomes. In general, surgeons preferen-
tially employ a single approach to treat a specific prob-
lem.*? The consequent lack of familiarity with one of the
interventions and expertise in the other could lead to dif-
ferential expertise bias.!** If surgeons participating in a
trial are more comfortable and experienced with interven-
tion A than intervention B, we expect the estimated effect
size to be falsely skewed in favour of intervention A. For
all surgical procedures, training is associated with a learn-
ing curve as proficiency develops. Depending on the com-
plexity of the procedure and the individual surgeon’s
skills, the number of cases required to achieve competence
may vary substantially.>!® For aortic or mitral valve sur-
gery, surgeon experience correlates with reduced cardio-
pulmonary bypass time and improved long-term survival,
suggesting that expertise contributes to procedural out-
comes.® However, for on-pump CABG, surgeon experi-
ence does not correlate with similar benefits;®”!'* this
could be attributable to the higher frequency of CABG
surgery, leading the learning curve for CABG to occur
during training and making all surgeons experts at this
procedure. Accordingly, effect sizes produced by conven-
tional surgical intervention trials may be misleading if
investigators do not account for surgeon expertise.

Improved recruitment of surgeons

Conventional RCT designs require surgeons to treat
patients with procedures that may deviate from their per-
sonal preference, potentially reducing surgeon buy-in and
slowing trial recruitment. Studies assessing the impact of
expertise-based designs on surgeons’ willingness to par-
ticipate have shown mixed results. In a survey of ortho-
pedic surgeons asked to participate in a trial comparing
high tibial osteotomy and unicompartmental knee arthro-
plasty,®5 53% were willing to participate in an expertise-
based design, but only 18% in a conventional RCT.
Another survey assessing the willingness of Canadian vas-
cular surgeons to participate in a trial comparing endovas-
cular aneurysm repair (EVAR) and open aortic repair did
not find a significant difference in design preference.!®!¢
These divergent results suggest that the response to
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expertise-based design is context specific. Another plaus-
ible explanation includes the types of clinical equipoise
involved. If the clinician is truly uncertain and has no
preference for one intervention over another, they may be
more likely to participate in a conventional RCT'. Alterna-
tively, if there is disagreement regarding the efficacy or
safety of 2 interventions between 2 groups of clinicians,
there may be less participation in a conventional RCT.
Surveying physician perspectives at the time of trial devel-
opment may inform design decisions.

Reduced crossover

High crossover resulting from surgeon bias or procedural
preference can compromise the effect estimate. In
expertise-based designs, surgeons are more likely to adhere
to the assigned intervention as they may believe in its
superiority, may be more comfortable performing it, or
may be more experienced in general.>*!7 Ideally, in an
expertise-based design, crossovers should occur only for
absolute anatomic requirements or intraoperative compli-
cations, and never because of physician discomfort with the
allocated procedure. To examine the potential advantage
of expertise-based design with respect to crossover rate, we
examined 2 RCTs evaluating CABG technique (on- v. oft-
pump): 1 with expertise-based design (CORONARY
trial)”!*!% and 1 conventional RCT (ROOBY trial).>"?
There was no predefined specification of expertise in the
ROOBY trial, with both residents and attending surgeons
performing the operations.”” In the CORONARY trial,
primary surgeons were required to have more than 2 years
of postresidency experience in the procedure and have per-
formed more than 100 cases.”” In the ROOBY trial, there
was a 12.4% crossover rate from off- to on-pump, com-
pared with 7.9% in the CORONARY trial (p < 0.001). In
the ROOBY trial, relative risk of death at 5 years was 1.28
(95% confidence interval [CI] 1.03-1.58, p = 0.03),"
whereas in the CORONARY trial the hazard ratio of
death was 1.08 (95% CI 0.93-1.26, p = 0.30).” In a system-
atic review of expertise-based trials, 92% of participants
received the allocated treatment (interquartile range [IQR]
82%-99%).516

Ethics

Requiring that surgeons perform procedures that they are
unfamiliar or uncomfortable with introduces unnecessary
risks, which are difficult to justify ethically. In an
expertise-based trial, experts deliver surgical interventions,
limiting risk and providing a “real-life” setting for trial par-
ticipants. Expertise-based designs are ethically reasonable:
patients undergo routine procedures performed at a high
competence level by an experienced surgeon. This may
also facilitate research ethics board approval as the studied
interventions more closely fall within standard of care.
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Potential disadvantages of expertise-based trials

Reduced generalizability

Although expertise-based designs are often considered
pragmatic, their results can only be generalized to expert
surgeons or centres. The generalizability of an expertise-
based trial depends on the participating surgeons or cen-
tres and the scope of the trial. Surgeons have to meet the
expertise requirements to be expected to achieve similar
results. Criteria for expertise can be adjusted to increase
the applicability of the results to the surgical community.

Increased sample size

Calculating the required sample size and ensuring ade-
quate patient recruitment is crucial to generate robust
conclusions."” In surgical trials, participants treated by
the same surgeon are more likely to have similar outcomes
than those under the care of another surgeon.?® This clus-
ter effect has direct implications on sample size calcula-
tions. In typical expertise-based trials, surgeons perform
only 1 intervention, which leads to a higher cluster effect
and therefore standard error than in conventional RCT's
where surgeons can perform both interventions under
investigation.>?! This increase in standard error with
expertise-based designs leads to a larger required sample
size than in conventional trials. Relative efficiency is a
ratio of standard errors for the estimated effects of the
expertise-based compared with the conventional design
(Figure 1). Assuming the number of surgeons and patients
are the same in both designs, the efficiency will depend on
the number of patients treated by each surgeon in each
treatment arm, variance of surgeon effect, and variance of
treatment effect. Based on the formula, the efficiency of
expertise-based designs can be increased by using more
surgeons, with fewer patients per surgeon.’

In expertise-based designs, patient outcomes and
observed treatment effects may affect the sample size
owing to the expertise of participating surgeons. First, one
can anticipate lower overall event rates of safety outcomes
owing to the expertise of participating clinicians, which
increases sample size.” Second, a reduced crossover rate
between interventions retains statistical power in an
intention-to-treat analysis that would otherwise be reduced
with increased crossover rate, which is more common in
conventional trials.?

_var(Q)EB _ m'k’' [ mo?
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Fig. 1. Relative efficiency of standard errors for estimated effects
of expertise-based versus conventional design. Variables: m
denotes number of patients treated by each surgeon in each
treatment arm, k denotes number of surgeons, EB denotes
expertise-based, C denotes conventional, and ¢ denotes
variance.



Logistical issues

The coordination of expertise-based trials is challenging.
These trials require experts in both studied interventions
to be available, which may be demanding for emergency
procedures. Timing of randomization also poses a chal-
lenge. If a surgeon who is an expert in only 1 of the pro-
cedures recruits participants, patients may be reluctant to
change surgeon. Recruitment through a third party, such
as a resident, emergency department physician, primary
care physician, or referring physician, before the surgical
consultation may avoid this problem. Another logistical
issue arises at the patient level if a centre does not offer
both interventions. Centres with expertise in only
1 intervention must be willing to transfer the patients to
other centres if they are allocated to the other interven-
tion. Patients must also agree to possible transfer or
travel based on trial allocation, which may affect out-
comes or be burdensome to patients.*!!

Definitions of expertise in the literature

The lack of standardized definition of expertise becomes
a fundamental issue in designing expertise-based trials.
Expertise criteria are procedure-specific and aim to
address issues around the learning curve. Number of
procedures performed has initially been a common
proxy to define expertise, with several studies in cardiac
surgery reporting cutoffs for various procedures (Table 1).
However, expertise is also associated with professional
grade, years of experience, and annual caseload.

Learning curve

A learning curve is “the time taken and/or the number
of procedures an average surgeon needs to be able to
perform a procedure independently with a reasonable
outcome.”'® All procedures have a learning curve that
correlates with procedure complexity. Cook and col-
leagues® proposed 3 phases to characterize the learning
curve: the starting point, where the surgeon begins per-
forming a specific intervention; the rate of learning,
which reflects the speed of skill acquisition for a surgeon
to reach a certain level of performance; and the expert
level or asymptote, where the surgeon’s performance
stabilizes. During the early phases of the learning curve,
errors and adverse outcomes are more likely to occur.
The steepness of the learning curve depends on the type
of procedure; outcome measures; level of prior experience;
and the surgeon’s annual caseload, institution, and inher-
ent skill. It has been suggested that a minimum of 10 pro-
cedures is required to reach the learning curve asymptote
for a procedural intervention.” However, in our view, this
is too simplistic given the spectrum of intervention com-
plexity. For example, the learning curve of coronary artery
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bypass surgery was reported to be 15-100 cases, depending
on procedure type and experience. Table 2 provides a sum-
mary of surgical expertise-based trials in different surgical
specialties with their expertise definitions. Commonly
reported proxies for expertise included number of years in
practice, total number of cases performed and number of
cases performed per year. Number of cases performed per
year without accounting for number of years in practice
may be limited, as surgeons with more years in practice are
more likely to be at an asymptote in their learning curve.
One trial used a proxy of high procedural success and low
complication rate;*” however, this may limit trial participa-
tion to surgeons who restrict their practice caseload to
lower-risk patients, which may inflate their expertise level.
Accordingly, number of years in practice as a primary sur-
geon and total number of cases may be appropriate prox-
ies. Table 3 provides several examples of commonly used
proxies for expertise and reports their respective rationale.
Surgeons learn at different speeds, and the learning
process depends on external factors, such as previous
expertise in similar procedures. Therefore, the perform-
ance of a specific number of operations does not guaran-
tee that the technical asymptote is met. More rigorous
standards to demonstrate surgical competence have been
proposed, such as direct training and supervision, specify-
ing an outcome performance level, recommendation by
experts, and assessing performance/outcome. However,
none of these approaches is well studied, and the under-
standing of the learning process remains incomplete.

Statistical methods and issues to account for
learning curve

Several statistical approaches have been described to
adjust for the operator learning curve when evaluating
surgical trials. These approaches range from descriptive
to more complex, including split group, univariate
analysis, multivariate analysis, cumulative sum, and
multilevel analysis.! Guidance on the statistical model to
use is lacking.?*® Multilevel modelling is a promising
method because it adjusts for different operators and
institutions and considers case mix; however, it gener-
ally requires a larger sample size.>*3

The main issue related to identifying the expert-
level phase in a learning curve is the scarcity and/or

Table 1. Caseloads used for various cardiac surgeries in

expertise-based trials

No. of cases to reach

Procedures learning curve
Off-pump CABG’ 85
Minimally invasive CABG?® 40
Robotic-assisted left internal mammary harvest?* 15

Off-pump endoscopic CABG?® > 100

CABG = coronary artery bypass graft.

Can J Surg/J can chir 2021;64(6) E597
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Table 2. Expertise-based randomized controlled trials identified after systematic literature search of MEDLINE and EMBASE

No. of participants
Trial Specialty Intervention and surgeons Criteria for expertise
Finkemeier et al.? Orthopedics Nail insertion with reaming v. 94 participants NR
without reaming 6 surgeons
Phillips et al.®° Orthopedics Open reduction and internal 138 participants NR
fixation v. closed cast 2 surgeons
treatment
Machler et al.®' Cardiac Mini aortic valve surgery (2 120 participants NR
surgeons) v. conventional 4 surgeons
aortic valve (2 surgeons)
Wihlborg et al.?® Orthopedics Rydell 4-flanged nail v. 200 participants . No. of years of training and practice
Gouffon pins 7 surgeons
Wyrsch et al.® Orthopedics ORIF of the tibia and fibula v. 39 participants 3 Fellowship-trained trauma surgeons
external fixation with or 6 surgeons . Experts
without limited internal
fixation
CABRI? Cardiac surgery/ ~ Coronary angioplasty v. CABG 1054 participants ° High-volume centres
cardiology . Surgeon and physician performed > 500 procedures
RITA trial® Cardiac surgery/ ~ Coronary angioplasty v. CABG 1011 participants . High success and low complication rate
cardiology
BARI?® Cardiac surgery/ ~ Coronary angioplasty v. CABG 1829 participants . Yr of practice (3 yr)
cardiology D Outcome assessment “Majority of practice devoted
to coronary artery surgery; most recent 100
consecutive primary, elective, isolated CABG
operations with a mortality rate of no more than 2%
(death within 30 days of procedure); and an Ml rate
of no more than 4% "
o No. of cases “as principal surgeon of 100 or more
CABGs with internal mammary artery grafts”
. Number of cases “independent operator in more
than 300 elective PTCA procedures, of which 100
were multivessel disease cases”
CORONARY# Cardiac surgery Off-pump v. On-pump CABG 4752 participants 3 Yr of practice (2 yr)
. No. of cases “more than 100 procedures involving
the specific technique”
TOPKAT** Orthopedics Total v. partial arthroplasty 500 participants o "Simple audit of participating surgeons' routine
(ongoing) practice will be undertaken”
NCT01352247 . Appropriate training
. Yr of experience “at least 1 yr”
o No. of cases “have performed the operation at least
10 times in the past year”
HEALTH?® Orthopedics THA v. HA 1501 participants o No. of cases “Perform at least 50 procedures (either
(ongoing) THA or HA) in their career”
NCT00556842 . Annual load “at least 5 procedures per year”
NEXT ERA% Vascular Open v. endovascular repair 30 participants o Appropriate training “completion of a vascular
(ongoing) for AAA residency at a credentialed academic centre, a
NCT00358085 period of study in a formal training program
dedicated to acquiring endovascular expertise” or
for open AAA “require completion of an accredited
vascular surgery residency program
o No. of cases “experience with at least 60 previous
EVAR procedures” or “at least 100 consecutive
elective AAA repairs”
AAA = abdominal aortic aneurysm; CABG = coronary artery bypass grafting; EVAR = endovascular aneurysm repair; HA = hemiarthroplasty; Ml = myocardial infarction; NR = not reported;
ORIF = open reduction internal fixation; PTCA = percutaneous transluminal coronary angioplasty; THA = total hip arthroplasty.

poor quality of available quantitative data in the litera-
ture. In a systematic review of statistical methods used
to assess surgeons’ learning curve, most of the data
came from descriptive methods that are considered
exploratory analyses. These analyses identity the exis-
tence of the learning process but cannot estimate the
parameters of the learning curve.'** Furthermore,
most of these studies were based on case series, and
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64% addressed the learning curve for a single operator,
which limits the generalizability of the estimated learn-
ing points to other surgeons."*?* In addition, some
surgeons reach a plateau phase in their learning curve
which is lower than an agreed upon expertise level.”!*
For this reason, a performance criterion may be
needed in the expertise definition to ensure capturing
only expert surgeons.



Table 3. General proxies for expertise in RCTs

Expertise Rationale

Proxies for learning curve

Total no. of cases To reach learning curve plateau

Annual case volume Volume necessary to maintain

proficiency

Prior experience with other type of
surgeries could shorten the
learning curve

Yrs of independent practice

Previous training Affects the slope of learning curve

Competence

Supervision before participation
(e.g., Fellowship, extra training)

Indirect indication of competence

Performance/outcome assessment
(e.g., audit)

Indication that competence and
the learning plateau match the
study’s predefined expertise levels

Recommendation by expert Indirect indication of competence

RCT = randomized controlled trial.

Review of included expertise-based RCTs

There is considerable heterogeneity in the extent of
reporting and requirements for surgeon participation in
expertise-based trials. Wihlborg?¢ reported an expertise-
based RCT including 200 patients, 7 surgeons, and
1 centre to evaluate the use of Rydell 4-flanged nail
compared with Gouffon pins for cervical hip fractures.
Instead of predefining criteria for expertise, orthopedic
surgery groups were selected with similar number of
years of training and practice with each surgical tech-
nique. This methodology may be practical for trials
including few centres and interventions with similar
learning curves; however, its use many lead to differen-
tial expertise bias when comparing interventions with
different learning curves. Importantly, this trial was
conducted between 1984 and 1987, several decades
before the emergence of clinicians and surgeons calling
for increased use of expertise-based design.’

The CABRI (coronary angioplasty versus bypass revas-
cularisation investigation) study?’ was an expertise-based
trial including 1054 patients and 26 centres evaluating
CABG and percutaneous transluminal coronary angio-
plasty (PT'CA) in patients with symptomatic multivessel
coronary disease. Participating centres were required to
be high volume, defined as “each principal surgeon and
physician having performed at least 500 procedures.””
The crossover rate of CABG was 3.9%, whereas for
PTCA it was 2.8%. No further details regarding exper-
tise were provided, nor did any analyses examine the
effect of potential differential expertise on patient out-
comes. Accordingly, replicating this trial may become
challenging, particularly in different health care settings.

The BARI (bypass angioplasty revascularization inves-
tigation) study®® was an expertise-based trial evaluating
CABG compared with PTCA in advanced coronary
artery disease with several requirements from surgeons

REVIEW

and clinicians to participate. Clinicians performing
PTCA were required to have a lesion success rate higher
than 85% for subtotal lesions among the last 100 cases,
an overall incidence per patient of PTCA-related acute
myocardial infarction or emergency CABG of 5% or less,
and a mortality rate for elective cases less than 2%.2® Sur-
geons performing CABG were required to have a mortal-
ity rate less than 2% and a myocardial infarction rate less
than 4% for the most recent 100 consecutive cases.?®
Whereas stringent eligibility criteria for clinicians and
surgeons increase internal validity of the trial, the exter-
nal validity of the trial is reduced for surgeons who may
have differing levels of expertise or manage more com-
plex cases with higher risks for morbidity and mortality.

The CORONARY trial?® was an expertise-based based
trial of 4752 patients, 79 centres, and 19 countries evalu-
ating off-pump compared with on-pump CABG. Exper-
tise was defined as nontrainees with more than 2 years of
experience after residency training and completion of
more than 100 cases of off-pump or on-pump CABG.*
The crossover rate was 7.9% for patients randomized to
off-pump and 6.4% for patients randomized to on-pump
surgery (p = 0.06).” The most common reason for cross-
over in the off-pump group was hypotension (31.2%),
followed by small targets (25.5%), intramuscular vessels
(22.3%), and ischemia (18.5%).* The most common rea-
son for crossover in the on-pump group was calcified
ascending aorta (64.7%), followed by patient comorbid-
ities (7.7%).% Similar to the BARI trial,’® the reporting of
criteria used for expertise were detailed, allowing for trial
replication and future evaluation of the impact of variable
levels of operator expertise on patient outcomes. Trials
with notably high crossover rates with recurrent reasons
for crossover (e.g., common anatomic variations hinder-
ing conduction of a procedure) highlight the importance
of specifying eligibility criteria whereby included patients
would be candidates for both procedures.

Discussion
A suggested approach to expertise definition

To develop expertise criteria for a specific intervention,

2 steps should be completed (Table 4):

1. Decide on the proxy to be used for the learning curve.
"This may include number of years in practice, number
of previous cases performed, annual caseload, and train-
ing. Within that proxy, establish a consensus of the
requirement to reach the plateau of the learning curve.

2. Assess eligible surgeons by comparing their perform-
ance with the previously defined expertise criteria. If
the expertise of a surgeon is near the predefined proxy
cutoff, they may increase their expertise to meet the
requirements and participate in the trial after another
expertise evaluation.

Can J Surg/J can chir 2021;64(6) E599



REVUE

Table 4. Proposed proxy for evaluating expertise in

surgical trials

Proposed method for evaluating

Expertise definition expertise

The level of proficiency of a
surgeon whereby one is able to
perform a procedure indepen-
dently with reasonable
outcomes consistently

1) Decide on the proxy to be used for
the learning curve

2) Assess eligible surgeons by
comparing their performance with the
previously defined expertise criteria

To address the first point, investigators can review
previously reported learning curve estimates for the
interventions of interest (or similar interventions) and
consider the methods used for evaluating the learning
curve. In scenarios where previous reports are either
not robust or lacking, conducting a survey of experts in
the field to explore the expected amount of experience
required may provide a reliable alternative.

When assessing competence, it is important to ensure
that surgeons who are clearly observed to have reached
the learning plateau fulfill the study’s expertise criteria.
If used, performance measurements should be based on
outcomes adjusted for preoperative risk;»'* expert sur-
geons may operate on higher-risk patients, and raw per-
formance measures may be misleading. Other methods
that can be used include providing evidence of sufficient
training, supervision before participating and recom-
mendation by an expert.

Survey evaluation of criteria for both feasibility and
appropriateness by key opinion leaders could add face
validity, and criteria may be optimized by direct com-
munity feedback. The trial’s perspective can also influ-
ence criteria for expertise: more lenient criteria would
be in line with a pragmatic trial. Meanwhile, an explan-
atory trial would call for stricter criteria, including
only highly experienced operators allowing for the
evaluation of the intervention’s efficacy and safety
under ideal conditions.

Centres involved in expertise-based trials ideally
must have expertise in both interventions of interest.
When planning an expertise-based trial, a feasibility
survey may help to identify eligible centres based on
the number of health providers who are experts in each
technique, the willingness of health providers to par-
ticipate in an expertise-based trial, and the annual num-
ber of eligible participants for an RCT at each centre.

T'rials that use expertise-based design should unambig-
uously report the criteria used to define expertise and
provide appropriate justification. Failure to do so can lead
to criticism and decrease the applicability of the trial’s
findings. In general, surgical trials, whether expertise-
based or conventional, should aim for transparency when
reporting on expertise. Future CONSORT (CONsoli-
dated Standards of Reporting Trials) statements should
address this issue.
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Innovation, evaluation, and regulation of surgical
therapies using expertise-based design

Pharmaceuticals in North America undergo a highly
structured review by the US Food and Drug Administra-
tion or Health Canada that is split into several phases
ranging from phase 0 (assess drug pharmacokinetics) to
phase 4 (postmarketing surveillance of drug assessing
rare adverse events). Unlike this regimented assessment
of drugs in North America, the majority of surgical
interventions remain unregulated.”* The development of
surgical interventions has been based on anatomic and
pathophysiological principles, often facing several stages
of improvement as they become adopted by other sur-
geons.?* In fact, the innovation and adoption of surgical
therapies has been described by the Balliol Collaboration
as distinct stages:®’ stage 0, prehuman work to develop
technique; stage 1, development of technical skills and
evaluation of safety (may be described in case reports);
stage 2a, adoption of technique by surgical leaders); stage
2b, technical details of procedure are approaching
asymptote (may be described in prospective cohort stud-
ies or RCTs); stage 3, procedure is standard of practice
for most surgeons; and stage 4, long-term surveillance
studies implemented to monitor for rare outcomes.

Given the continual improvement in novel surgical
procedures, it is often challenging to decide when to
evaluate an innovative surgical procedure with an
RCT. Implementing an RCT during an early stage of
a novel surgical technique may be argued to reflect the
surgeons not reaching a sufficient level of the proced-
ure’s learning curve, or the procedure still being in its
early stages of innovation.! Consistent monitoring of
the safety and efficacy during the early stages of inno-
vative procedures must remain a priority, which may
be collected using registries that include the proced-
ure’s successes and failures.*” The decision to conduct
an expertise-based trial may be most appropriate
during early adoption of the surgical technique
whereby several surgeons have learned the tech-
nique,* allowing for the development of a proxy for
the learning curve.

CONCLUSION

In expertise-based trials, participants are randomized
to interventions performed by physicians with exper-
tise in the assigned intervention. This design
addresses criticisms associated with conventional trials
for surgical interventions, including differential exper-
tise bias and learning curves. Other theoretical advan-
tages are associated with expertise-based design such
as limiting crossovers, minimizing bias related to
blinding of surgeons, and increasing recruitment of
patients and surgeons.



However, the main challenge with expertise-based
design is how to define expertise. Because expertise cannot
be measured directly, indirect proxies are typically used,
and current approaches often lack justification. We pro-
posed a general approach to define expertise assessing
descriptions of procedure-specific learning curves and
ensuring that the predefined expertise criteria are met.
When identifying surgeons eligible for participation,
researchers should aim to recruit surgeons in the final
stage of the learning curve and to ensure they meet pre-
defined expertise criteria. Moreover, completed studies
should report on recruited surgeons’ experience and levels
of expertise to facilitate interpretation and generalization
of results. Another potential disadvantage of expertise-
based trials is the impact of clustering around surgeons on
sample size calculations and statistical analysis.

Expertise-based trials are a new design, well suited to
study surgical interventions. As the use of expertise-based
design increases, our understanding of its challenges and
potential solutions will evolve.
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