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Pragmatic trials are important for  
informing routine clinical practice, but 
current designs have shortcomings.
 clare relton and colleagues outline 
the new “cohort multiple randomised 
controlled trial” design, which could help 
address the problems associated with 
existing approaches

Rethinking pragmatic randomised controlled trials: 
introducing the “cohort multiple randomised  
controlled trial” design
Clare Relton,1 3 David Torgerson,2 Alicia O’Cathain,1 Jon Nicholl1

Randomised controlled trials are generally held to be the 
“gold standard” for establishing how well an intervention 
works. Trials that aim to determine the efficacy of a treat-
ment by using a double blind, placebo controlled design 
(that is, explanatory trials) are, however, sometimes criti-
cised. For example, although the design of explanatory tri-
als results in strong internal validity—we can depend upon 
the results of a given trial—such trials may have limited 
external validity: we can’t be confident that we can apply 
the results to routine clinical practice. Pragmatic trials,1 2 
which aim to inform healthcare decision making in prac-
tice, have been offered as a solution in that they retain the 
rigour of randomisation (thus eliminate selection bias) but 
retain the characteristics of normal clinical practice. 

The implementation and interpretation of both prag-
matic and explanatory randomised controlled trials 
are associated with significant problems. This article 
describes a trial design that helps address these prob-
lems—the “cohort multiple randomised controlled trial” 
approach.

problems with randomised controlled trials
Existing clinical trial designs can have shortcomings in 
four areas: recruitment; ethics; patient preferences; and 
treatment comparisons.

Recruitment
The majority of randomised controlled trials have difficulty 
recruiting sufficient numbers of patients. For example, one 
investigation found that less than a third of 114 multicen-
tre, publicly funded UK trials recruited their original target 
number of patients within the time originally specified.3 
Failure to recruit to target may have implications for the 
power and generalisability of trial results. 

Moreover, many clinical trials exclude hard to reach 
groups and ethnic minorities,4 resulting in disparities 
between the “with need” (reference) population and the 
trial population.5 6 Measures of real world effectiveness are 
vital for analyses of benefit, harm, and cost effectiveness. 
If the reference population is not adequately represented 
in a trial and effectiveness is variable, then such analyses 
cannot accurately inform real world decisions.

ethics
The most common reason given by patients (and clini-
cians) for not participating in clinical trials is “concerns 
with information and consent.”7 In routine real world 
health care, patients are rarely told of treatments that 
their clinicians cannot with certainty provide,8 nor are 
patients told their treatment will be decided by chance. 
On the other hand, in clinical trials providing this type of 
“full” information before randomisation is regarded as an 
ethical requirement.

Patient preferences
Standard “open” (unblinded) pragmatic trials often com-
pare an intervention with treatment as usual. Where the 
“standard care” on offer is available outside the trial, 
however, the only incentive for the patient to participate 
(apart from altruism) is to receive the new intervention. If 
a patient is allocated to treatment as usual, he or she may 
withdraw from the trial (attrition bias) or exhibit disap-
pointment bias when reporting outcomes.9

Treatment comparisons
A common research scenario is addressing a clinical 
problem with many potential treatments. Yet often each 

summary points
The “cohort multiple randomised controlled trial” (cmRCT) design tackles some of the 
problems associated with pragmatic trial designs, such as recruitment
The cmRCT design has several innovative features: a large observational cohort of patients 
is recruited and used as a multiple trials facility; each randomised controlled trial uses 
random selection of some participants (not random allocation of all); and “patient centred” 
information and consent is applied
The cmRCT design is best suited to: open trials where “treatment as usual” is compared with 
the offer of treatment; easily measured and collected outcomes; conditions where many 
trials will be conducted; and trials of desirable or expensive interventions
Further research is required to address a range of analysis, implementation, and ethical 
questions related to the cmRCT design
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potential treatment is trialled, one at a time, in different 
populations by different research teams. This approach 
yields many trials of different interventions, with hetero-
geneous trial populations and often short term and het-
erogeneous outcomes—a situation that is both financially 
and scientifically inefficient on three counts. 

Firstly, lack of collection of long term outcomes hin-
ders the measurement of infrequent adverse events and 
outcomes that occur far in the future. Secondly, system-
atic reviews of studies on a particular topic often con-
clude that “there was heterogeneity in populations and 
outcomes”; thus greater homogeneity in trial outcomes 
and populations is required to be able to synthesise the 
results of t rials effectively. Thirdly, heterogeneity of trial 
populations and outcomes presents difficulties when 
making indirect comparisons between interventions; 
for example, the effectiveness of treatments A versus C, 
where only trials of treatments A versus B and B versus C 
exist. Indirect comparisons—where two interventions are 
compared through their relative effect versus a common 
comparator—can succeed, but sometimes result in signifi-
cant discrepancies compared with the results of head to 
head randomised trials.10 Many competing interventions 
have thus not been compared, or have been compared 
inaccurately, which is a waste of valuable information 
and money.

previous solutions
Three alternative trial designs have attempted to address 
the recruitment and patient preferences issues inherent 
in existing clinical trial designs: the patient preference,11 
comprehensive cohort,12 13 and randomised consent 
(Zelen) designs.14 

Both the patient preference design and the compre-
hensive cohort design make some allowance for patient 

preferences regarding random allocation or type of treat-
ment by collecting data from both randomised and non-
randomised patients, thus increasing the overall number of 
patients recruited but not the numbers randomised. Both 
these designs have the limitation that if large numbers of 
patients express a preference, there might be insufficient 
“indifferent” patients available to be randomised. Designs 
where patients are asked their preferences and randomised 
irrespective of these will not necessarily solve problems of 
attrition or failure to recruit participants with a very strong 
preference.15 

In randomised consent (Zelen) designs, consent is sought 
after randomisation. However, these designs are subject to 
ethical criticisms, such as the lack of information regard-
ing all trial treatment options to all patients, and scientific 
criticism, because of the dilution of effect owing to “cross-
over” of patients to the non-randomised treatment. Despite 
these criticisms, reviews report the existence of more than 
60 randomised consent designs with ethics committee 
approval.16-18

the “cohort multiple randomised controlled trial” design
To address some of the shortcomings of existing trial 
designs we propose a new approach primarily for prag-
matic randomised controlled trials—the “cohort multiple 
randomised controlled trial” (cmRCT) design (figure). 

The key features of this design are:
(I) Recruitment of a large observational cohort of 
patients with the condition of interest
(II) Regular measurement of outcomes for the whole 
cohort
(III) Capacity for multiple randomised controlled trials 
over time

For each randomised controlled trial:
(IV) Identification of all eligible patients in the whole 
cohort (NA)
(V) Random selection of some patients (nA) from all 
eligible patients in the cohort, who are then offered the 
trial intervention
(VI) Comparison of the outcomes in randomly selected 
patients (nA) with the outcomes in eligible patients not 
randomly selected; that is, those receiving usual care 
(NA − nA)
(VII) “Patient centred” informed consent; that is, the 
process of obtaining patient information and consent 
aims to replicate that in real world routine health care.
The recruitment and regular follow-up of a large 

cohort of patients (features I and II) are characteristic of 
 longitudinal observational studies. In the cmRCT design, 
however, all patients in the cohort consent at the outset 
to provide data to be used to look at the benefit of treat-
ments for the condition of interest. Feature III, the capacity 
for multiple randomised controlled trials over time using 
patients from the same cohort, is unique to the cmRCT 
design. Random selection of some eligible cohort patients  
(feature V), the comparison of their outcomes with the out-
comes in eligible patients not randomly selected (feature 
VI), and the similarity of the patient centred informed 
consent approach to real life situations (feature VII) offer 
solutions to the ethical criticisms of randomised consent 
(Zelen) designs.

The “cohort multiple randomised controlled trial” design. Firstly, 
a large observational cohort of patients with the condition of 
interest is recruited (N) and their outcomes regularly measured. 
Then for each randomised controlled trial, information from 
the cohort is used to identify all eligible patients (NA). Some 
eligible patients (nA) are randomly selected and offered the trial 
intervention. The outcomes of these randomly selected patients 
(nA) are then compared with the outcomes of eligible patients 
not randomly selected; that is, those receiving usual care (NA 
− nA). This process can be repeated for further randomised 
controlled trials (for example, NB)

Random selection of some
eligible patients (nB)

and outcomes compared
with those receiving
usual care (NB–nB)

Random selection of some
eligible patients (nA)

and outcomes compared
with those receiving
usual care (NA–nA)

Large observational cohort (N)

Regular outcome measurement

Eligible patients identified (NB)

Eligible patients identified (NA)
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observational cohort has important additional benefits:
A A facility for multiple randomised controlled trials
B Long term outcomes as standard
C Ongoing information as to the natural history of the 
condition and to treatment as usual
D Increased comparability between each trial 
conducted within the cohort
E Increased efficiency, particularly for expensive or 
high risk interventions
The cmRCT approach enables more reliable direct and 

indirect comparisons than is possible with trials conducted 
using current randomised controlled trial designs because 
all treatments have the same “treatment as usual” compara-
tor and use the same core outcomes. 

Furthermore, researchers using standard randomised 
controlled trial designs often struggle to recruit and con-
sequently have to randomly allocate all patients to either 
group in equal proportions to maximise statistical power 
within their total sample. The large numbers of patients 
recruited to the cohort in the cmRCT approach increases 
the statistical power of any randomised controlled trials 
and enables unequal randomisation. For example, a small 
number of patients could be randomly selected to be offered 
an expensive treatment and compared with a larger number 
of unselected patients. Unequal randomisation thus 
improves the efficiency of trials of high cost interventions 
compared with equal allocation. These factors strengthen 
the inferences in the trial, lower treatment costs compared 
with standard designs (that is, once the cohort is estab-
lished, it potentially allows for rapid and cheap recruitment 
of patients for any randomised controlled trials), and allows 
significant cost savings for trials of expensive treatments. 
Furthermore, data on treatment refusers provides infor-
mation on the acceptability of the treatment and thus the 
generalisability of the trial results. 

role of the cmrct design
There are certain circumstances, populations, clinical con-
ditions, and treatments where the cmRCT design is more, 
or less, suitable than current strategies (box). The approach 
is best suited to the examination of long term conditions 
for which many pragmatic clinical trials will likely be con-
ducted in the future. The design is also suitable for both 
primary and secondary care settings, and for conditions 
with easily reported patient outcomes.

The cmRCT design cannot be used for trials that have a 
placebo comparator because such trials could not use fea-
ture VI (comparison to treatment as usual) or feature VII 
(patient centred informed consent) as patients are never 
told that they may receive placebo in routine health care. 
However, features I to V could be used for placebo trials and 
benefits A to E would still accrue.

challenges of the design
A potential problem with our approach is that significant 
numbers of patients may refuse to receive the intervention 
being trialled. An intention to treat analysis will, therefore, 
dilute any treatment effects. There are two ways of deal-
ing with this problem. Firstly, we could use the statistical 
method complier average causal effect (CACE) analysis,20 
which provides unbiased estimates of the treatment effect 

Randomisation: random selection of some
Feature V and VI offer an alternative process for randomi-
sation in clinical trials. The purpose of randomisation in 
experimental research is to generate two or more groups 
whose selection and treatment have not been influenced 
by anyone or anything other than chance and where all 
known or unknown prognostic factors are distributed 
evenly at baseline. Generating two groups whose member-
ship is a result of chance can be achieved by either random 
allocation of all participants or random selection of some, 
because each approach produces the same effect. The ran-
dom selection of nA patients from all patients (NA) in our 
example has the same effect as the random allocation of NA 
into two groups, nA and nB, because it is solely owing to 
chance whether any one patient is selected into nA. For the 
purposes of a randomised controlled trial, random selec-
tion from NA into nA provides two groups where all known 
or unknown prognostic factors are distributed at baseline 
purely by chance: nA and (NA − nA).

Randomisation is generally conceived as “random alloca-
tion of all” and as something that is “done” to all patients, 
and thus requires their prior consent. With randomisation 
conceived of as “random selection of some,” however, then 
nothing is “done” to all patients and prior consent of all 
patients is not required.

Information and consent: “patient centred”
The final feature of the cmRCT design (feature VII) is the 
adoption of a “patient centred” approach to informed 
consent, in which the process of obtaining patient infor-
mation and consent aims to replicate that in real world rou-
tine health care rather than conform to the needs of trial 
design. All cohort patients consent to provide observational 
data at the outset; however, consent to “try” a particular 
intervention is sought only from those offered that interven-
tion, thus replicating the patient centred information and 
consent procedures that exist in routine health care, where 
clinicians provide patients with the information they need, 
at the time they need it. 

The rationale for this approach is twofold. Firstly, the 
primary motive for patients to enter clinical trials is not 
altruism, but their own direct benefit as patients.19 Clinical 
trial informed consent procedures should, therefore, put the 
needs of the patient at the centre; that is, patients should 
not be told about treatments that they might not then 
receive, nor should they be told that their treatment will 
be allocated by chance. Secondly, the greater the similarity 
between patients’ experiences in trials and their experiences 
in routine health care, then the greater the generalisability 
of the trial results to patients in routine health care.

Benefits of the approach
The cmRCT design will, we believe, help to address some of 
the shortcomings that prevent many pragmatic randomised 
controlled trials fulfilling their potential of giving robust 
evidence that clinicians can apply to their usual clinical 
populations.

Compared with randomised controlled trials, longitu-
dinal observational studies can recruit a greater quantity 
and more representative sample of patients. Moreover, 
compared with doing individual pragmatic trials, using an 
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for patients who comply with the protocol (albeit usually 
with loss of power), unlike per protocol or on treatment 
analysis. 

Secondly, we could try to avoid some potential non-com-
pliance by presenting cohort patients with a list of possible 
interventions at enrolment and asking which they would 
consider agreeing to use if offered. This process identi-
fies the potential compliers in advance and consequently 
reduces dilution effects; however, care must be taken to 
avoid false expectation of future treatment and the loss of 
feature VII, patient centred information and consent. 

In researching interventions already available in routine 
health care, it will be necessary to identify and monitor 
which patients use or have used these. 

Furthermore, discrete trials are currently supported by 
private and public funding infrastructures and institutional 
frameworks, to the tune of £100 000 per trial. Existing 
infrastructures and frameworks might struggle to deter-
mine a funding approach for cmRCTs.

examples of the cmrct design
Campbell and colleagues18 recently adapted the ran-
domised consent (Zelen) method and developed an 
approach in which patients consented to an observational 
study and were then all randomly allocated to either 
intervention or control  in a randomised controlled trial. 

Although this method shares several features with the 
cmRCT design (features I, II, IV, and VII), it does not have 
the capacity for multiple randomised controlled  trials 
 (feature III) or use random selection of some instead of 
random allocation of all (features V and VI).

We have obtained ethical approval for and have con-
ducted a pilot study of the cmRCT design.21 In this pilot, 
a large observational cohort of 856 women aged 45-64 
was recruited and their outcomes measured. A total of 
72 women reported frequent or severe menopausal hot 
flushes, or both. Of these 72 women, 48 were eligible for 
the trial treatment (NA) and 24 were randomly selected to 
be offered the treatment (nA). The outcomes of the ran-
domly selected patients were then compared with the 
outcomes of those eligible patients not randomly selected 
(NA − nA) using both intention to treat analysis and CACE 
analysis.20 Patients were not told about the treatments that 
they were not randomly selected to be offered. 

The clinical outcomes of this pilot will be reported sepa-
rately. However, a post hoc evaluation of the design found 
that the design was acceptable to patients, clinicians, and 
the NHS Research ethics committee. The concept of multi-
ple trials within a single cohort of patients (feature III) has 
not yet been tested.

The cmRCT design is currently being used to address 
questions in the management of obesity (http://clahrc-sy.
nihr.ac.uk/theme-obesity.html). The 20 year study is pro-
jected to recruit a cohort of 20 000 adults aged 16 years 
or more, and multiple trials will be embedded within this 
cohort. To maximise the long term benefits of this study, 
it is planned that the cohort will be “open” and will be 
replenished with new recruits (16 and 17 year olds) every 
two years.

summary
The cmRCT design appears to be a workable and useful 
approach to pragmatic research questions that aim to inform 
healthcare decisions within routine practice. The design is 
best suited to circumstances that require open (rather than 
blinded) trials where “treatment as usual” is compared with 
the offer of study treatment, and to questions with outcomes 
that can be easily measured in the whole cohort (for exam-
ple, patient reported outcomes). Clinical conditions where 
many clinical trials will be conducted and trials of desirable 
or expensive interventions are also well suited to the cmRCT 
approach.

There are challenges to the cmRCT design. Further 
research is required to address a range of analysis and 
implementation questions related to the design and the 
ethics of patient centred informed consent for pragmatic 
randomised controlled trials. 

In his Harveian oration at the Royal College of Physicians, 
London, Professor Michael Rawlins, chair of the National 
Institute for Health and Clinical Excellence, called for 
“investigators to continue to develop and improve their 
methodologies in order to help decision makers appraise 
the evidence.”22 We hope that the cmRCT design goes some 
way towards addressing the problems associated with exist-
ing approaches. If these problems are addressed, then per-
haps the most important problem of all will be resolved—the 
non-implementation of the results of clinical research.

using the cohort multiple randomised controlled trial design

Most suited to: 
Settings

Open trials with “treatment as usual” as the comparator•	
Studies that aim to inform healthcare decisions in routine •	
practice (pragmatic trials)
Research questions that address easily measured and •	
collected outcomes 

Populations
Stable populations•	
Easily identified populations•	

Clinical conditions
Clinical conditions for which many trials will be conducted; •	
for example, obesity, diabetes, chronic pain 
Chronic conditions•	
Conditions for which previous trials have struggled with •	
recruitment

Treatments
Treatments highly desired by patients•	
Expensive treatments•	

Least suited to:
Settings

Closed trial designs with masking or a placebo arm•	
Studies that aim to further knowledge as to how and why a •	
treatment works (efficacy trials) 
Research questions that address hard to measure and hard •	
to collect outcomes

Population
Populations with high attrition•	
Unstable patient populations•	
Difficult to identify populations•	

Clinical conditions
Acute or short term conditions •	

Treatments
Treatments not highly desired by patients•	
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editor’s choice: mmr and other controversies
In her Editor’s Choice (BMJ 2010;340:c706, print 
publication 6 February), Fiona Godlee referred to the author 
of a related BMJ editorial as David  Ellison [sic]. In fact, this 
editorial (pp 271-2) had two authors: Helen E Bedford and 
David A C Elliman.

duplex ultrasonography, magnetic resonance angiography, 
and computed tomography angiography for diagnosis and 
assessment of symptomatic, lower limb peripheral arterial 
disease: systematic review
The authors of this 2007 Research paper, Ros Collins 
and colleagues, have advised us of an error in the Results 
section (BMJ 2007;334:1257, print publication 16 June 
2007, pp 1257-61). On page 1259 in the section on 
patients’ attitudes, the study by Visser and colleagues 
(cited as the web reference w62) evaluated contrast 
enhanced magnetic resonance angiography (not time of 
flight magnetic resonance angiography as was stated).

part of beneficial host response?
In preparing the print and pdf versions of this letter by 
Garth Dixon and colleagues (BMJ 2010;340:c450, print 
publication 30 January, p 230), we “lost” a superscript 
9. The first sentence of the second paragraph should 
read: “We diluted a suspension of an isolate of Neisseria 
meningitidis B to approximately 109 colony forming units/
ml” [not 109 colony forming units/ml, as published].   

minerva
In the final item of Minerva (BMJ 2010;340:c551, print 
publication 6 February, p 322) we misspelt pruritus in the 
traditional way.

tiotropium and chronic obstructive pulmonary disease
This editorial by R Andrew McIvor contained an error 
relating to the dose of ipratropium (BMJ 2010;340:c833, 
print publication 13 March, pp 546-7). The first sentence 
of the third paragraph should have read: “Over the 
past two decades, the short acting anticholinergic, 
ipratropium, has been widely prescribed for maintenance 
treatment, at two inhalations of 20 μg (micrograms) [not 
20 mg as stated] four times a day via a metered dose 
inhaler.”

obituary: edwin Krebs
In this obituary of Edwin Krebs by Geoff Watts, we said 
Krebs was born in 1936; if fact, he was born in 1918 
(BMJ 2010;340:c1224, print publication 6 March, 
p 536).

obituary: prakash dayanand shrivastava
In this obituary (BMJ 2010;340:c1170, print publication 
6 March, p 537) we said that Prakash Dayanand 
Shrivastava qualified from Gahndi Medical College, 
Bhopal, India; we should have said Gandhi Medical 
College.

Corrections and clarifications


