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Abstract Increasingly, clinicians and researchers

recognize that studies of interventions need to evaluate not

only their therapeutic efficacy (i.e., the effect on an outcome

in ideal, controlled settings) but also their real-world

effectiveness in broad, unselected patient groups.

Effectiveness trials inform clinical practice by comparing

variations in therapeutic approaches that fall within the

standard of care. In this article, we discuss the need for

studies of comparative effectiveness in anesthesia and the

limitations of individual patient randomized-controlled
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trials in determining comparative effectiveness. We

introduce the concept of randomized cluster crossover

trials as a means of answering questions of comparative

effectiveness in anesthesia, using the design of the

Benzodiazepine-Free Cardiac Anesthesia for Reduction in

Postoperative Delirium (B-Free) trial (Clinicaltrials.gov

identifier NCT03053869).

Résumé De plus en plus, les cliniciens et chercheurs

reconnaissent que les études sur des interventions doivent

évaluer non seulement leur efficacité thérapeutique

(c’est-à-dire l’effet sur un critère d’évaluation dans un

cadre contrôlé, idéal), mais aussi son efficience dans la

vraie vie sur de larges groupes de patients non

sélectionnés. Les études sur l’efficience informent la

pratique clinique en comparant des variations — entrant

dans les normes de soins — dans les démarches

thérapeutiques. Dans cet article, nous discutons de la

nécessité d’avoir en anesthésie des études comparatives de

l’efficience et des limites des essais contrôlés avec des

patients randomisés individuellement pour la

détermination de l’efficience comparative. Nous

présentons le concept d’essais randomisés avec

permutation (« crossover ») de grappes (« cluster »)

comme moyen de répondre aux questions d’efficience

comparative en anesthésie en utilisant le plan de l’essai

d’anesthésie cardiaque sans benzodiazépine pour la

réduction du délirium postopératoire (étude B-Free).

The need for comparative effectiveness trials in clinical

research

Individual patient randomized-controlled trials (RCTs)

have historically represented the gold standard

methodologic approach used to establish the clinical

efficacy of an intervention; however, individual patient

RCTs are not the preferred design to answer certain types

of questions. This is because their external validity

(generalizability) may be limited by their selected and

specific populations and their conduct in ideal clinical

conditions. Though variations in approaches to improve the

generalizability of individual patient RCTs have been

described,1 in general, individual patient RCTs are better

suited to provide evidence of efficacy (i.e., effect under

ideal circumstances), but less suited to answering questions

of effectiveness (i.e., true benefit to all patients in routine

practice).2,3 This is, in part, because effectiveness research

examines the effect of an intervention after the influences

of patient-, provider-, and system-level factors that may

moderate the effect of an intervention are taken into

account. Introducing this additional noise often requires a

larger sample size to show an intervention’s effectiveness,

even if it has already demonstrated efficacy. Though very

large (n [ 10,000) individual patient RCTs can evaluate

questions of effectiveness, the time and expense associated

with individual patient recruitment and randomization

make them onerous and costly.

Beyond the limitations of their applicability, efficacy

RCTs impose processes that are different from usual care,

making their conduct costly and their implementation

complicated.4 Because of their complexity and cost, the

optimal therapeutic approach has not been evaluated using

RCT methodology in many clinical contexts.4 As a result,

many clinical decisions are only indirectly informed by the

results of individual patient RCTs. While observational

studies represent a more cost-effective and simple means of

addressing comparative effectiveness, randomized

comparisons are necessary to ensure balance of prognosis

between treatment groups. To establish evidence that will

inform day-to-day clinical decisions, researchers need

economical and efficient methods to evaluate the relative

effectiveness of therapeutic approaches. While individual

patient RCTs generate important knowledge about

therapeutic efficacy, they are costly and time-consuming,

particularly when one considers the large sample size

required to evaluate patient-important outcomes.5 In

general, cluster RCTs are the preferred method to

evaluate questions of effectiveness,6 though this is one of

several possible approaches.

The need for comparative effectiveness trials

in anesthesia research

To date, clinical trials in anesthesia have focused on

physiologic and pharmacologic phenomena occurring

within the intra- and immediate postoperative period.7

Surrogate outcomes—measures of treatment effect that

correlate with, but have no guaranteed relationship with a

patient-important outcome (e.g., biomarkers)—have been

common in anesthesia research.8,9 During the last two

decades, this focus has broadened to include intermediate

and long-term effects of anesthesia-related interventions on

patient-important outcomes such as major morbidity and

mortality.7,9 Because of the low postoperative incidence of

these events and their multiple causal pathways, anesthesia

interventions are unlikely to have more than a modest

effect and, thus, many thousand participants are required

for a study to have adequate power to quantify the effect of

an intervention. For example, in the case of cardiac

surgery—which has among the highest perioperative

mortality rates at 3%10—more than 20,000 participants

are required for a trial to show a reduction in mortality

from 3.0 to 2.4% (a relative risk reduction [RRR] of 20%).

In addition, anesthesia is a specialty in which there is

wide variability in approach across individual practitioners,
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even within the same institution.11-13 This may, in part, be

related to the limited evidence base for best practice, with

clinical practice guidelines frequently based on ‘‘expert

opinion’’ rather than a summary of RCT-derived

evidence.14 In addition, it has been repeatedly shown that

the patients who consent to participate in research are

fundamentally different from those who do not, a

phenomenon referred to as volunteer bias.15-17 Even

when large, multicentre, individual-patient RCTs are

conducted, the volunteer bias that results from the need

for consent to participate limits the generalizability of

study findings to the ‘‘average’’ patient, thus contributing to

a lack of consensus as to what constitutes best practice in

many clinical situations. Thus, anesthesia trials that address

the optimal approaches to care for the average patient in

routine practice (i.e., clinical effectiveness trials) are

required. Although in principle this could be evaluated

through an individual patient RCT, this is probably not the

optimal approach to address broad questions of policy.

Randomized cluster crossover trials as a method

of evaluating relative effectiveness

In some situations, individual-patient randomization is not

only impractical but inappropriate.18 When the intervention

being evaluated is a policy or approach to care, applied at

the level of an institution, region, or healthcare system,

evaluating the outcome at the level of the individual does

not answer the question about the impact on the broader

group. Historically, researchers have randomized at the

level of a group of patients (i.e., the cluster) to evaluate the

impact of standardizing an approach to care.18 In most

clinical trials, the cluster is the healthcare facility.

Nevertheless, cluster trials that compare outcomes based

on variations in hospital standard operating procedures

(SOPs) have methodologic features that limit their

statistical power. Individuals being studied within a

cluster are usually more similar than individuals across

clusters, a phenomenon described statistically by the intra-

cluster correlation coefficient (ICC). For example,

individuals who live within the same geographic region

are more likely to have similar health outcomes because of

shared cultural and socioeconomic characteristics. Thus,

patients within a hospital may have more similar outcomes

than those between hospitals, leading to overly precise

estimates of effect and results that may have spuriously low

P values if clustering is ignored.19

The randomized cluster crossover design, a variation of

the cluster-randomized design, overcomes this issue and

regains some of the statistical power lost by using the

cluster design. In this approach, clusters are randomized to

receive each of the evaluated interventions at least once

during separate crossover periods.19 Clusters alternate, or

cross over, from one intervention arm to the other one or

more times. By exposing each cluster to both treatment

arms, each cluster acts as its own control group, which

mitigates the effect of imbalance between sites in patient

and provider characteristics.19 Nevertheless, because of the

cluster effect, the application of standard sample size

approaches leads to an underpowered study (type II error)

and the use of standard analytic methods tends to bias P

values, possibly resulting in spurious statistical significance

(type I error). Thus, a correction factor is applied to sample

size calculations, resulting in the need for a larger sample

size requirement compared with that of an individual

patient RCT. During the analysis stage, a random effects

model may be used to account for the clustering effect.

The Benzodiazepine-Free Cardiac Anesthesia

for Reduction in Postoperative Delirium (B-Free) trial

Delirium is a serious problem that affects 15-30% of

patients after cardiac surgery.20,21 It is an acute confusional

state associated with prolonged hospital length of stay,22

institutional discharge,22 functional decline,22 cognitive

decline,23 and death.24 Evidence derived from individual

patient RCTs conducted in the setting of the intensive care

unit has suggested that benzodiazepines are associated with

an increased risk of delirium, such that practice guidelines

issued by the Society for Critical Care Medicine25 and

American Geriatric Society26 have recommended that they

be avoided in these populations. Nevertheless, despite

benzodiazepine administration after cardiac surgery having

been reduced, their intraoperative administration remains

common.

As perioperative cardiovascular surgery clinicians, we

were aware of significant variability in the use of

benzodiazepines as part of anesthetic regimens for

patients undergoing cardiac surgery. Some clinicians do

not use them, others use large doses, and another subset

gives them in moderate doses. Historical concerns about

the need for benzodiazepines to ensure hemodynamic

stability and prevent intraoperative awareness during

cardiac surgery are balanced against a hypothetical

association between benzodiazepines and postoperative

delirium. Faced with this clinical equipoise, we identified

the need to establish whether the routine or restricted use of

benzodiazepines in cardiac anesthesia affected the

incidence of postoperative delirium.

To evaluate the comparative effectiveness of two SOPs

for cardiac anesthesia—both of which are used in clinical

practice—we designed a cluster crossover trial with

randomization at the hospital level. Within this trial, we

seek to evaluate the impact of two different approaches to
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cardiac anesthesia, one where nearly all patients receive

intraoperative benzodiazepine unless there are

contraindications (routine benzodiazepine arm) and the

other where nearly all patients receive no intraoperative

benzodiazepines unless there are contraindications

(benzodiazepine-restricted arm). We will be evaluating

the impact of these two strategies during 12 four-week

crossover periods. This is a situation in which an

individually randomized clinical trial is impractical.

Data collection within randomized cluster crossover

trials

To answer questions of clinical effectiveness, randomized

cluster crossover trials must be integrated into the standard

processes of clinical care. As such, data points and study

outcomes must be routinely evaluated and documented by

frontline healthcare providers. To minimize the time and

costs associated with data collection, most or all data points

should ideally be stored in electronic medical records

(EMRs) suitable for exportation into the trial data set. In

addition, study endpoints need to be objectively defined,

measured in a similar way across clusters, and of central

importance to patients. For the B-Free trial, we respected

these principles by only collecting patient and surgical

characteristics already collected for administrative

purposes and choosing a primary outcome that was both

important to patients and routinely assessed and

documented by nursing staff providing postoperative

care. Delirium after cardiac surgery is routinely measured

as it is considered a quality of care metric in most centres.

Two validated tools are recommended to assess delirium in

the ICU:25 the Confusion Assessment Method27 and

Intensive Care Delirium Screening Checklist.28 These

validated tools both generate a binary assessment of

whether delirium is present or absent and have been

shown to be both sensitive and specific in its detection.25

All data collected within B-Free are either directly entered

or scanned into the electronic medical record. Most data

are available for download into the study database, with

only a few data points manually extracted from patient

charts by study personnel.

Ethical considerations for randomized cluster crossover

trials

The interventions evaluated within randomized cluster

crossover trials are applied at the cluster level. Consent to

participate is therefore obtained at the cluster rather than

the patient level, thereby ensuring representative sampling

and enrolment of all eligible patients. Though

randomization at the cluster level does not automatically

abnegate the need for individual consent, for a randomized

cluster crossover trial to evaluate the impact of policy

change broadly applied at the level of a cluster, a research

ethics board waiver of the need for individual consent is

key. If this waiver cannot be obtained, the efficiency gained

by cluster randomization is lost.

The Tri-Council Policy Statement (TCPS2) requires a

study to fulfill several conditions for individual consent to

be waived, most importantly:29

(1) The alteration to consent requirements is necessary to

address the research question.

(2) The lack of a priori consent will not have an adverse

impact on participant welfare.

(3) The benefits of the research, whether direct, indirect,

or societal, justify any risks associated with the

absence of a priori consent.

In a cluster-randomized trial, the unit of randomization

is the cluster rather than the individual. Although

individual patients may participate in the research, it may

not be possible for a patient to provide or withhold consent

to an intervention as it is implemented at the level of the

health system rather than the patient. Centres studying

SOPs using this methodologic approach typically notify

patients that a study of hospital policy is taking place and

that their anonymous data are being collected. Though they

are not able to opt out of the SOP being studied, patients

may withdraw the data being collected that pertain to them.

Consistent with the requirements of the TCPS2, this

involves some form of notification, usually in the form of

a letter of information, provided to patients prior to

receiving the intervention being studied or having their

data collected.

The TCPS2 allows for deviations from the traditional

approach to individual informed consent only in specific

circumstances. As discussed in a recent article by Murdoch

and Caulfield,30 the increased financial cost and lost

efficiency associated with obtaining individual informed

consent are not ethically sufficient to render a study

impractical to conduct without a waiver of individual

consent. Nevertheless, conducting the B-Free trial would

have been impractical without a waiver of individual

consent. The unbiased evaluation of alternate cardiac

anesthesia policies requires their almost universal

application. Both policies are associated with minimal

risk and are currently used routinely in clinical practice. In

preparation for the trial, we conducted a survey to formally

measure variations in reported intraoperative use of

benzodiazepine by Canadian cardiac anesthesiologists.

This survey showed a wide range of benzodiazepine

administration and established clinical equipoise.31 Finally,

establishing the optimal approach to intraoperative
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benzodiazepine use is important to both guide anesthesia

practice and possibly benefit patients and society by

reducing delirium and its associated morbidity in patients

undergoing cardiac surgery, thus satisfying the final

requirement for waived individual consent.

For the B-free pilot trial, we obtained approval from the

research ethics boards of both participating pilot sites; the

need to obtain individual consent was waived. We notified

patients by letter that a study evaluating intraoperative

cardiac anesthesia practice was being undertaken and that

they could choose to opt out, removing their data from the

study database. Nevertheless, they would nonetheless be

treated as per the policy in place at the time; SOPs being

coordinated at the anesthesia-department level are not

optional and represent a standardized approach to care at

the level of the institution. As an example, consider a

hospital evaluating the impact of two different types of

surgical suture on postoperative infection rates. Although

patients may be given the opportunity to opt out of having

their data included in study analyses, they would

nonetheless have their incisions stitched with the suture

being evaluated at the time that they underwent surgery.

Statistical considerations for randomized cluster

crossover trials

Sample size

Cluster-randomized trials are statistically less efficient than

individual-randomized trials because of the lack of

independence between individuals in the same cluster.

Randomized cluster crossover trials regain some of this lost

statistical power by comparing the effects of an

intervention within clusters. Nonetheless, the statistical

power of a randomized-cluster crossover trial remains

lower than that of an individual patient RCT. The unique

statistical considerations of randomized-cluster crossover

trials must be recognized when determining the sample size

required for a randomized cluster crossover trial. These

considerations are complex, and it is crucial that a

biostatistician with expertise in randomized-cluster

crossover trials be a member of the study team.

Given that the unit of randomization is the centre,

sample size and statistical power depend on the ICC. The

ICC describes how strongly patients within the same

cluster are correlated with each other and how they differ

from patients within other clusters.32 Compared with a

randomly selected sample from the same population,

members of clusters are more likely to have similar

outcomes in response to an intervention. The larger the

ICC, the greater the dependence among observations

within a cluster and the greater the number of clusters

needed to achieve target power. Obtaining estimates of the

ICC can be difficult; previous studies have obtained

estimates using administrative data.4 The use of pilot

trials to derive the ICC has been described,33 though this is

generally not recommended because the sample sizes from

pilot studies are usually too small to allow for reliable

estimates.34 Given that the ICC has been found to vary with

prevalence, the use of the prevalence of an outcome to

estimate the ICC has been described.35

The other consideration for cluster crossover trials is the

inter-period correlation (IPC), which describes how

strongly different patients within the same cluster during

different crossover periods resemble each other. It is often

much more difficult to obtain estimates of the IPC,36 and

thus studies often use an assumed value that is some

proportion of the ICC as, generally, IPC B ICC.4,32,35 In

any healthcare setting, the clinical correlates that the IPC

represents are familiar to most practicing clinicians. For

example, there are frequent anecdotal accounts that

patients are more likely to present with severe illness

after the winter holiday season or that patient outcomes are

worse in July, which represents the start of the academic

year when new trainees are commencing their clinical

rotations. These period effects may be overcome by

alternating between shorter crossover periods.

Nevertheless, the benefit in IPC gained doing so must be

balanced against the clinical impracticality of very frequent

changes in SOP.

In the B-Free study, we used a formula derived by

extending the approaches developed by Donner et al.,37

Giraudeau et al.,32 Forbes et al.,38 and Taljaard et al.39 for

a cluster crossover of two periods to multiple periods to

calculate a preliminary sample size. The formula itself,

which was locally derived and validated, can be found in e-

supplement 1.

In B-Free, the ICC will depend on the incidence of

delirium in each participating cluster. The ICC has

previously been shown to be related to outcome

prevalence in clustered, binary data. Thus, prior to

completing site recruitment for the full B-Free trial, we

used our local delirium rates to estimate a conservative ICC

of 0.02, based on values determined by Gulliford et al.

using several large administrative data sets.35 We

undertook a preliminary and conservative sample size

calculation using an estimated prevalence of delirium of

15% (derived from local administrative data) and predicted

an ICC of 0.0235,36 and an IPC = 0.5*ICC.32 The

table illustrates the total number of patients (N) and

number of hospitals (N= �m) required to be randomized for

each of two intervention groups to assure a sufficient power

of 80% and a type I error probability of 5% (two sided)

with an anticipated control event rate (p1) of 15% for

different combinations of arithmetic mean total cluster size

Randomized cluster crossover trials 817
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over all periods ( �m), ICC, IPC, and RRR. Based on the

assumption of an ICC = 0.02, an IPC = 0.5�ICC, an RR

reduction of 15%, and an average total cluster size of

1,000, we will require a sample of 15,886 patients studied

within 16 participating hospitals.

Data analysis

The data obtained from a randomized cluster crossover trial

can be analyzed at the individual level in the sense that

individuals within a cluster each provide a data point that is

used within the overall analysis (e.g., the binary outcome

of delirium). Nevertheless, to avoid having spurious

statistical significance, a modelling approach that

accounts for the correlation within centre across period

(IPC) and within centre in a period (ICC) must be used.19

Economic considerations for randomized cluster

crossover trials

A major advantage of randomized cluster crossover studies

is—when they qualify for waiver of individual consent—

they are of relatively low cost and rapid patient enrolment.

Waived individual consent significantly reduces the cost

and time associated with patient recruitment and individual

randomization. Because the interventions being evaluated

are integrated into patient care and, similarly, so are study

processes, minimal research personnel are required for data

collection. For example, if B-Free includes 16 clusters,

with an average total cluster size of 1,000 patients (i.e.,

annual cardiac surgery case volume), the two SOPs will be

evaluated in 16,000 patients over a single year. We

estimate that the total expenditure (expressed in CAD)

for each site will be 20,000 CAD, which will cover the

costs of data extraction from EMRs and the salary of a 0.2

full-time-equivalent research assistant to extract data not

stored electronically as well as coordinate communication

to anesthesia staff. Considering an additional 150,000.00

CAD for central coordination costs, this translates to a total

of 470,000.00 CAD to conduct a study of more than 15,000

patients. To put this economy of time and resources into

perspective, we calculated a sample budget for B-Free as

though it had been designed as an individual patient RCT.

Based on the recently published ENIGMA-II trial of 7,112

patients, conducted over five years, we approximate five

years for recruitment and completion of follow-up in our

required sample size for an individual patient RCT of 7,409

patients (see Table). Accounting for five years of central

coordination costs, site fees of 750 CAD per patient, and

operating expenses, we estimate that conducting B-Free as

an individual patient RCT would require more than 10

million CAD.

General considerations for randomized cluster

crossover trials in anesthesia

The historically individual nature of anesthesia practice

presents both a unique challenge to and an opportunity for

the conduct of randomized cluster crossover trials. The

degree of individual practice variability within the standard

of care means that there are many clinical questions that

would be best answered using randomized cluster

crossover methodology. For example, liberal vs

conservative oxygenation, routine use of pulmonary

artery catheters in cardiac surgery vs only in certain

circumstances, and intraoperative mean arterial blood

pressure targets are all topics extremely well-suited to

study using this methodology. On the other hand, the

individual nature of anesthesia practice may present a

challenge with respect to studying SOPs. As opposed to

Table Sample size considerations for a potential future cluster crossover RCT

RRR Overall cluster size ( �m) No. periods ICC Total N (inflated) Sample size for an individual patient RCT No. hospitals (N= �m)

15% 1,000 12 0.01 11,648 7,409 12

12 0.02 15,886 7,409 16

800 12 0.01 10,785 7,409 14

12 0.02 14,161 7,409 18

20% 1,000 12 0.01 6,402 4,072 7

12 0.02 8,731 4,072 9

800 12 0.01 5,928 4,072 8

12 0.02 7,783 4,072 10

Total patients (N) and number of hospitals (N= �m) required to be randomized for each of two intervention groups to assure a sufficient power of

80% and a type I error rate of 5% (two sided) with 12 periods, a coefficient of variation of 0.63 for an assumed unequal cluster size, an

anticipated control event rate (p1) of 15% for different combinations of average cluster size per cluster ( �m), intra-cluster correlation (ICC), and

relative risk reduction (RRR)

RCT = randomized controlled trials
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other areas of medicine, few academic anesthesia

departments employ SOPs, which may, in part, stem

from the lack of evidence supporting one approach over

another. As such, practitioners may be

uncomfortable deviating from their usual practice

patterns, even if the SOP under evaluation falls within

the standard of care for the profession. This possible non-

adherence to the SOP under evaluation poses a potential

threat to the internal validity of the study and is an

important issue that must be addressed within the design of

a trial.

Within the B-Free trial, we recognized that, though there

is community clinical equipoise with respect to

intraoperative benzodiazepine administration to cardiac

surgery patients, many practitioners have strong and

dichotomous opinions about using or not using these

medications. As such, before undertaking a large,

multicentre trial, we conducted a vanguard study that

included two separate centres: one where most

practitioners routinely used at least moderate doses of

benzodiazepine and the other where practitioners used low-

dose or no benzodiazepines. In doing so, we sought to

evaluate whether we could feasibly achieve adherence to

each of the SOPs (i.e., administration of benzodiazepine to

most patients vs no administration of benzodiazepine to

most patients) under evaluation in at least 80% of patients

managed during each intervention arm (Clinicaltrials.gov

identifier NCT03053869).

Current status of the B-Free trial

In both pilot sites we were able to get Research Ethics

Board approval of a waived consent model and to engage

cardiac anesthesiologists to participate in the trial. We are

currently completing the pilot trial. We will refine the

protocol for the full trial based on detailed analysis of pilot

trial results and input from participating clusters. We

expect to begin the trial in the summer of 2018.

Discussion

Inter-practitioner variation in anesthesia practice often

stems from a lack of knowledge about the relative

effectiveness of different approaches to patient care. This

variation reveals the knowledge gap, but also highlights the

opportunity to improve care by comparatively testing the

effectiveness of routine practices. The randomized cluster

crossover design is the appropriate way to do so. Though

individual RCTs represent the gold standard means of

assessing the efficacy of treatments, they are difficult to

implement and costly, and uncertainty may exist about the

generalizability of trial results. By incorporating the rigour

of randomization into day-to-day clinical care, cluster

randomization reduces the complexity of trial

implementation and, when a waiver of individual patient

consent is obtained, improves the generalizability of

results. Nevertheless, this approach should only be used

when the interventions being compared have minimal risk

and there is clear clinical equipoise.

There are some limitations of cluster crossover trials for

answering questions within anesthesia practice. First, the

interventions being compared must be of minimal risk and

clinical equipoise must be demonstrable. Often,

documented proof of minimal risk—though frequently

intuitive—is not available, even if both interventions are

routinely being used in clinical practice. As such,

researchers who are considering undertaking a trial that

employs this design may need to quantify clinical

equipoise and minimal risk, through either conduct of a

survey of practitioners or review of administrative data. In

addition, randomized cluster crossover trials are not suited

to answering questions of clinical efficacy. This is because

the noise introduced by the broad inclusion of patients who

cannot benefit from the intervention will diminish the

signal of effect that would otherwise be seen under the

strictly controlled population and conditions of an

individual patient RCT. Though strict inclusion criteria

and study protocols could be applied to the randomized

cluster crossover design, the benefits of diminished cost

and increased efficiency would be abnegated.

To our knowledge, no previous anesthesia trials have

been conducted using a randomized cluster crossover

design. Its use has, however, become common in the

setting of the intensive care unit,40,41 where—similarly to

anesthesia practice—interventions are likely to have small

effect sizes on patient-important outcomes because of the

multiple causal pathways that result in patient morbidity

and mortality. Given the resultant need for an extremely

large sample size, the costs and time required to evaluate

an intervention using an individual patient RCT are often

so prohibitive that simple questions of clinical

effectiveness remain unresolved. The use of the cluster-

randomized crossover design presents a feasible solution to

this issue. Its widespread application will require

increasing multicentre and multinational collaboration

among anesthesia departments.
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