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Within the levels of scientific evidence, the randomised
clinical trial (RCT) is the methodological design that provides
us with the highest quality information."

The RCT is a study in which participants are randomly
divided into intervention groups. It is an analytical, experi-
mental, prospective (i.e. forward looking) and controlled
study, as the researcher is present at the time of exposure
and effect (concurrent temporality). The purpose of randomi-
sing a clinical study is to balance and homogenise the groups
participating in it and thus reduce selection bias. Randomi-
sation causes the groups generated to be similar and
comparable in all but the intervention, so that if statistical
differences in response are detected between the groups
generated, they are likely to be due to the study intervention.?

In order to be able to assess the methodology of a RCT, its
design, execution, analyses and results must be accurately
and transparently detailed. For this purpose, we will use the
CONSORT (CONsolidated Standards Of Reporting Trials)
statement (Fig. 1).°

Research hypothesis

The RCT must answer a clearly defined and structured
question, such that it must clearly state the working
hypothesis with its corresponding null and alternative
hypotheses on a clinically relevant intervention. In addition,
it must have the basic variables defined, such as the sample to
be studied, the intervention, or how the analysis will be carried
out.

Most RCTs are superiority trials, which hypothesise that
one intervention is superior to another in a statistically
significant way. Some RCTs are equivalence trials in which the
hypothesis is that two interventions are indistinguishable
from each other. Finally, non-inferiority RCTs are those that
determine whether a new intervention is no worse than a
reference treatment.*

Classification according to design

Parallel design. This is the most commonly used design. In
this design, we have an initial sample that is randomly
divided into two groups: one group that receives the
intervention under study and another group that is the
control, which serves as a comparison and which is usually
subjected to a placebo, to the absence of intervention or to an
alternative treatment.

- Crossover design. The initial population is randomised into
two groups. Each group receives one of the two interventions
and, after a window period, receives the other intervention.
That is, in this type of design, each group receives the two
interventions (study and control) at different times, so each
group will be its own control.

Factorial design. This type of design allows the evaluation of
two or more interventions in the same study, as long as the
treatments or interventions studied have independent
mechanisms of action and effects. The most basic form
would be as follows: the sample is randomly divided into
four groups; the first group receives the two interventions,
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“  CONSORT 2010 checklist of infor-
mation to include when reporting a
randomised trial*
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Fig. 1 - CONSORT 2010 declaration.

the second group receives one intervention, the third group
receives the other intervention under study, and the fourth
group receives the placebo.’

Cluster allocation design. This is a trial in which the
allocation of the intervention to be studied is done by
previously established groups of individuals (clusters) in a
randomised manner, such as health areas or hospitals.

- Sequential design. In this type of clinical trial, observations
are assessed as they occur; the total number of participants
is not predetermined, but depends on the cumulative
results.®’

Validity of a clinical trial

Internal validity is directly related to the methodology used for
its design, execution, data collection and interpretation of
results. External validity, on the other hand, refers to the
applicability of the results obtained in our routine clinical
practice and the reproducibility of the results.

The two main threats to internal validity are random error
and bias.

Random error can be divided into two types. Type I error,
significance risk or risk, refers to the probability of defining a
false positive conclusion by incorrectly rejecting a true null
hypothesis (.05-.025). Type II error, risk or power of the test,
refers to the probability that the researcher does not reject the
null hypothesis as false (90%-80%).5°

Among the biases that can affect RCTs is selection bias,
which is controlled by randomisation. Randomisation is the
non-predictable assignment of trial participants to one of the
intervention alternatives. The fundamental objective of
randomisation is to balance the groups involved in the trial
so that they are homogeneous in the distribution of all those

factors, known or unknown, that may bias the study
results.?
The most common randomisation techniques are:

Simple randomisation. This technique randomly assigns
each participant to an intervention group regardless of the
assignment of previous participants.

- Block randomisation. In this case the randomisation
sequence is divided into blocks and the assignment of each
participant is randomised but ensuring a periodic balance in
the number of subjects assigned to each group.

- Stratified randomisation. This model is similar to the block
model, but divides the groups into different subgroups or
strata taking into account an important factor that is
thought to influence the final results and is divided
according to cut-off points usually based on knowledge
from previous studies.

- Randomisation by minimisation. Also called adaptive
randomisation, this attempts to minimise the differences
between the different groups as much as possible. The
process starts with a simple randomisation up to a
previously agreed number and then adjusts the probability
of assignment to each group based on any imbalances that
may have arisen between the different intervention groups

or between prognostic factors that may influence out-
11,12

comes.

To avoid selection bias or classification bias we will use the
randomisation process and the randomisation sequence
concealment process. These two processes are complemented
by masking, by which we avoid information bias in the
measurement of the outcome variable and possible co-
interventions throughout the trial. While sequence conceal-
ment is performed prior to randomisation, masking is
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performed after randomisation. There are four types of
blinding: open or unblinded trial, single-blind, double-blind,
triple-blind.

Follow-up and loss of information

During this period there may be a loss of information or
participants. It is important to consider the timing of losses.
Pre-randomisation losses primarily affect the generalisability
of the study’s findings, compromising external validity. Post-
randomisation losses, on the other hand, may compromise
the internal validity of the study by reducing the number of
subjects, thus reducing the effective sample size. It is generally
considered that more than 10% of losses may compromise the
validity of the results.

Outcome analysis

Subjects should preferably be analysed according to the group
to which they were initially assigned (intention-to-treat
analysis) and not according to the group in which they finally
participated (per-protocol analysis). Adequate outcome analy-
sis requires determining which variables have been measured
and adequately expressing the magnitude and precision of the
results. An outcome variable in an RCT is any characteristic
measured in the study subjects that allows us to differentiate
the effect found in the compared groups and to test the
hypothesis. Typically, the null hypothesis of a clinical trial
states that there is no difference in effect between the
compared interventions with respect to the chosen outcome
variable.”

Outcome variables are classified as primary and secondary.
Primary variables are those that help answer the main
research question and condition the sample size of the
clinical trial. In cases of continuous outcome variables, it is
usual to express the magnitude of the results as mean or
median differences, depending on the measure of centralisa-
tion most appropriate to the distribution of the variable. On
the other hand, in cases of dichotomous variables, the relative
risk, the absolute and relative differences in risk and the
number needed to treat will be used. The precision of the
results is expressed by the confidence intervals of the
calculated estimators.’*"

Conflict of interests

The authors declare there are no potential conflict of interests
relating to this article.

REFERENCES

1. Rockville, MD: AHCPR; 1993. p. 107. (Clinical practice
guideline No 1, AHCPR publication No 92-0023.

2. Spieth PM, Kubasch AS, Penzlin Al, Illigens BM, Barlinn K,
Siepmann T. Randomized controlled trials - a matter of
design. Neuropsychiatr Dis Treat. 2016;12:1341-9.

3. Moher D, Hopewell S, Schulz KF, Montori V, Ggtzsche PC,
Devereaux PJ, et al. CONSORT 2010 explanation and
elaboration: Updated guidelines for reporting parallel group
randomised trials. BMJ. 2010;340:c869.

4. Piaggio G, Elbourne DR, Altman DG, Pocock SJ, Evans SJ.
Reporting of noninferiority and equivalence randomized
trials: an extension of the CONSORT statement. JAMA.
2006;295(10):1152-60.

5. Whelan DB, Dainty K, Chahal JJ. Efficient designs: factorial
randomized trials. Bone Joint Surg Am. 2012;94 Suppl 1:34-8.

6. Monledén-Getino T, Barnadas-Molins A, Roset-Gamisans M.
Disefios secuenciales y analisis intermedio en la
investigacion clinica: tamafio frente a dificultad. Med Clin.
2009;132(11):437-42.

7. Garegnani LI, Arancibia M, Madrid E, Franco JVA. Clinical
trials with sequential analysis that were early-stopped: how
to interpret them? Medwave. 2020;20(5):e7930.

8. Serra-Aracil X, Pascua-Sol M, Badia-Closa J, Navarro-Soto S,
en nombre del grupo del Comité Cientifico, Seccién de
Formacién, de la AEC, Comité Cientifico de la AEC, Comité
Seccién de Formacién de la AEC. How to start and develop a
multicenter, prospective, randomized, controlled trial. Cir
Esp. 2020;98(3):119-26.

9. Charles P, Giraudeau B, Dechartres A, Baron G, Ravaud P.
Reporting of sample size calculation in randomised
controlled trials: review. Br Med J. 2009;338:b1732.

10. Schulz KF, Grimes DA. Generation of allocation sequences in
randomised trials: chance, not choice. Lancet.
2002;359(9305):515-9.

11. Christie J, OHalloran P, Stevenson M. Planning a cluster
randomized controlled trial. Nurs Res. 2009;58:128-34.

12. Jeehyoung K, Wonshik S. How to do random allocation
(randomization). Clin Orthop Surg. 2014;6:103-9.

13. Hollis S, Campbell F. What is meant by intention to treat
analysis? Survey of published randomised controlled trials.
BMJ. 1999;319(7211):670-4.

14. Bakhai A, Chhabra A, Wang D. Endpoints. In: Wang D,
Bakhai A, editors. Clinical trials. A practical guide to design,
analysis, and reporting Chicago: Remedica; 2006; p. 37-46.

15. Schulz KF, Altman DG, Moher D, CONSORT Group.
CONSORT 2010 Statement: updated guidelines for reporting
parallel group randomised trials. Trials. 2010;11:32.


http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0005
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0005
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0005
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0010
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0010
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0010
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0010
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0015
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0015
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0015
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0015
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0020
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0020
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0025
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0025
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0025
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0025
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0030
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0030
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0030
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0035
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0035
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0035
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0035
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0035
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0035
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0040
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0040
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0040
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0045
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0045
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0045
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0050
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0050
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0055
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0055
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0060
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0060
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0060
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0065
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0065
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0065
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0065
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0065
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0070
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0070
http://refhub.elsevier.com/S2173-5077(22)00112-0/sbref0070

	Randomized clinical trial
	Research hypothesis
	Classification according to design
	Validity of a clinical trial
	Follow-up and loss of information
	Outcome analysis
	Conflict of interests
	References


