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igh-quality randomized controlled trials (RCTs) are the highest level
of evidence in assessing the effectiveness of a treatment. It is random
allocation that places RCTs in the highest level of evidence. The purpose of randomization is to create groups of patients that are comparable for
known and unknown factors at the start of the trial so that any differences at
the completion of the trial can be attributed to the treatment under investigation.1 The purpose of this article is to discuss the processes that would help
create balanced groups and maintain between-group comparability throughout the study period.

H

OBJECTIVES OF THE ARTICLE
This article will discuss the importance of balancing groups in RCTs of surgical treatments. By the end of the article, the reader will be able to appreciate the importance of having balanced groups in surgical trials and learn to
apply appropriate strategies to ensure that the treatment groups are balanced
for prognostic factors throughout the study period. The subject matter is
divided into 5 sections:
• enrolment
• randomization
• concealment of allocation
• blinding
• complete follow-up
• intention-to-treat analysis

ENROLMENT
An earlier paper in this series2 provided helpful tips on how to optimize
patient recruitment in surgical trials. In this section, we will discuss how to
maintain the comparability of groups once patients are recruited.
The inclusion and exclusion criteria of surgical trials have multiple implications; they are, therefore, deserving of time and attention. The inclusion criteria basically define the population of the research question. The exclusion
criteria define populations of patients who will not help in answering the
research question or might be harmed by research interventions. It is very important that a record is kept of all patients who were assessed for eligibility,
identifying those who were excluded and stating the reason. This ensures that
the risk of selection bias will be minimized (i.e., preferential exclusion of certain patients from joining the study).
Adherence to the trial protocol strengthens trial validity and credibility. Protocol violations can happen at the enrolment stage with the erroneous enrolment of an ineligible patient into the trial. The researcher should be prepared,
in consultations with study investigators and biostatisticians, to deal with such
potential protocol violations and ensure that eligibility criteria is diligently followed and inclusion of ineligible patients are avoided. The optimal method is
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prevention through proper training. Thus, every effort
should be made to adequately train research personnel to
avoid protocol violations. In multicentre surgical trials, it is
imperative to communicate the enrolment criteria to
research collaborators across study centres. It is important
that research collaborators understand and agree on these
criteria to avoid any errors in enrolment. However, if this
violation occurs, some researchers recommend “blinded
postrandomization exclusion.” 3 This basically means
reviewing the eligibility of all randomly assigned patients
and excluding those who are ineligible but who were
enrolled in error. It is of paramount importance that this
process is conducted blindly without the knowledge of
patient group allocation to protect against preferential
imbalance between groups. The number of these exclusions
should be kept to minimum, preferably none, to avoid
detrimental effects on credibility and validity.
Patient-entry forms are safeguards against enrolling
ineligible patients. There are good resources to help
researchers to design effective patient-entry forms. 4,5
Briefly, when designing a patient-entry form, include data
points to:
1. uniquely identify and keep track of patients,
2. confirm that the patient has the disorder of interest,
3. ensure that all eligibility criteria are met, and
4. ensure that vital baseline characteristics and prognostic
factors are collected.

RANDOMIZATION
Randomization is a process during which the patients have
an equal chance of being allocated to either study treatment group. The goal is to produce comparable groups in
a way that both known and unknown prognostic factors are
balanced1,6 and that any imbalance that might occur will be
by chance rather than by choice. Randomization is the
most optimal method to minimize selection bias and control for known and unknown confounding factors. A true
randomization process eliminates selection bias.1 The most
robust and optimal method of randomization is computergenerated random numbers. Coin-tossing, dice-throwing
or using random number tables (from statistical textbooks)
represent reasonable approaches for the generation of simple randomization sequences, but might become nonrandom in practice. These methods do not provide concealment allocation. If, for example, using the coin-toss
method, an investigator throws a series of “heads” with no
“tails,” he or she might be tempted to alter the results of a
toss or a series of tosses.7 Some researchers allocate patients
to groups in a way that is not truly random (e.g., using the
day of the week or alternate medical record number) and
are called “quasirandom.”1 Although these methods might
seem to generate comparable groups, they cannot provide
concealment of allocation. This introduces a substantial
risk of selection bias.1,8 Using these systematic methods, the

study personnel can predict to which group the next
patient will be assigned and might, consciously or unconsciously, exclude that patient from the study for different
reasons. To minimize bias, patients should be assigned to
study groups based on a truly random process. Timing of
randomization is also very important in preventing “postrandomization exclusion.” An eligible patient might
become ineligible if the there is a lag time from randomization to surgical intervention. As in clinical trials, randomization should be performed very close to when the
intervention is performed. If possible, patients’ informed
consent should be obtained preoperatively, but randomization occurs intraoperatively once there is certainty that the
patient could receive either intervention.1
There are different methods of randomization. This
paper will present the most commonly used of these
methods.
Simple randomization
Simple or unrestricted randomization is the method in
which each eligible patient will be randomly assigned to
one of the treatments. This process will continue until the
required numbers of patients are randomly assigned.
Using this method, about one-half of the patients will be
randomly assigned to the experimental and one-half to the
conventional treatments. This method is easy to implement but has a major disadvantage for smaller trials.
Although an equal number of patients in each group is
expected, at any point, including the end, there could be
a substantial sample size imbalance for small trials
(n < 100).9,10 Whereas such imbalances do not cause a statistical test to be invalid, they reduce the ability to detect
the true differences and may lead to some loss of trial
credibility.11 For this reason, simple randomization it not
often used even for large trials.
Blocked randomization
Blocked or permuted block randomization is a restricted
randomization method frequently used in RCTs to ensure
that roughly equal numbers of patients are randomly
assigned to the treatment groups.11 Blocked randomization
increases the power as well as the credibility of the study.
It means that within each block, patients are randomly
assigned with equal probability to receive one of the study
treatments. The block size could be determined by the
researcher.12 It is recommended to use smaller increments
for small trials to ensure balanced groups.9 After block size
is determined, all possible combinations of assignment for
that block size are calculated, and block combination is
then randomly chosen to determine the patients’ assignment into the treatment groups.9,12 For a block size of 4,
for example, 2 patients will be randomly assigned to treatment A and 2 to treatment B. There are only 6 blocks in
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which 2 patients will receive treatment A and 2 will
receive treatment B: AABB, ABAB, BABA, ABBA, BAAB
and BBAA. One of these blocks is randomly chosen to
determine the assignment. This process of random block
selection is repeated until all patients are randomly
assigned to one of the groups. For example, for a sample
size of 120, 30 block sizes of 4 are needed. A potential risk
with using a fixed blocked size, especially if small, is that
the block size could be deciphered in unblinded trials.7,9,13
This means that the assignment of the last person entered
in each block is known before randomization. Let us
assume, for example, patients randomly assigned to treatment A will receive laparoscopic surgery and those to
treatment B will receive open surgery. If the blocking size
is 4 and the first 3 assignments are ABB, then the next
assignment must be treatment A or laparoscopic surgery.
When treatment allocations become known, the sequence
can be discerned from the pattern of the last assignment.7
The personnel randomly assigning the patients to the
treatments groups may decide (either intentionally or
unintentionally) that the next patient’s characteristics are
not favourable for laparoscopic surgery (next assignment)
and decide not to randomly assign the patient into the
study or to randomly assign that patient later. Even if the
allocation is effectively concealed, some future assignment
could be guessed and selection bias introduced.7 Thus, it is
recommended to use blocks of variable sizes.4,6,8 After the
completion of each block, the size of the next block is
determined at random. This method of allocation is called
“random blocked randomization.”
Stratified randomization
Before starting the randomization sequence, the researcher
should assess whether there are major prognostic factors
that are strongly associated with subsequent patient
response or outcome.9,11 Such factors should be considered
for stratified randomization. Stratified randomization prevents an imbalance between treatment groups for factors
that influence treatment responsiveness.14 Stratified randomization requires the prognostic factor of interest to be
measured a priori or at the time of randomization. Stratified randomization may be useful in small trials as some
imbalances, for example age, might occur and complicate
the interpretation of the results.7,12 Within each stratum,
the randomization process could be simple or restricted
depending on the size of trial. In multicentre trials, centres
may vary with respect to the type of patients, and the quality and type of care given to patients during follow-up.
Thus, centre may be an important factor related to patient
outcome, and the randomization process should be stratified accordingly.12 By stratifying randomization within a
centre (i.e., using separate randomization schedules at each
centre), the extent to which major imbalances between
treatment groups will occur across centres can be limited.11
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Note that the factor of blocking and/or stratifying should
be taken into consideration during data analysis. The purpose of blocking and/or stratifying is to ensure balance
between treatment groups and increase the power of the
study; therefore, ignoring blocking and/or stratifying factors in the data analysis may result in misleading conclusions.11,15 There are other randomization methods, such as
the adaptive randomization process11 (i.e., minimization to
avoid between-group imbalances) and the maximal procedure,16 details of which can be found elsewhere.

CONCEALMENT OF ALLOCATION
Regardless of the method of randomization, the risk of selection bias and the ensuing imbalances in the characteristics of patients between the study groups is great when the
allocation process is not appropriately concealed.1 Concealment of allocation implies that individuals responsible for
recruiting and assigning patients to treatment groups and
patients themselves should remain unaware of the next
assignment in the sequence. For example, if people making
the decisions about patient eligibility are aware of the
group to which patients will be allocated, they may systematically (either intentionally or unintentionally) enrol patients with favourable characteristics such as younger age
and lower-grade tumours into the experimental treatment.
This selective assignment would introduce bias and create
treatment groups that are different with respect to age and
tumour grade, thereby influencing trial credibility because
patients with favourable factors are likely to have better
outcomes regardless of the treatment. Thus it is important
to conceal the allocation from the individuals who recruit
and enrol patients in the trial. It is also crucial that the
individual who generates the allocation scheme should not
be involved in ascertaining eligibility, administering treatment or assessing outcome because such an individual will
usually have knowledge of the allocation assignment and
thus the opportunity to introduce bias.7 It is possible to
conceal the randomization sequence in every RCT. The
optimal method is to have the randomization process independently administered using, for example, a 24-hour
telephone randomization line, a web-based randomization
service, a hospital pharmacy or a central office.1 Many
surgical trials randomly assign patients using envelopes
containing the group allocation. Whereas this method theoretically provides concealed allocation, it is highly susceptible to corruption if investigators open multiple
envelopes or are able to determine the group allocation
without opening the envelope. The use of envelopes
should be avoided. If envelopes must be used, the potential
for abuse should be minimized. The envelopes should be
• opaque, sealed and serially numbered;
• opened sequentially and only after the participant’s
name and other details are written on the envelope; and
• kept in a locked and secure place.1,13
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Note that allocation concealment relates to the process
before randomization to prevent selection bias and is different from blinding mechanism after randomization.1,13

BLINDING
Blinding is an important methodological feature of surgical
trials and needs to be considered more rigorously. Therefore,
researchers should make every effort to incorporate blinding
into their trial designs. In trials of surgical interventions, surgeons can usually not be blinded, but patients, health care
providers, data collectors, outcome assessors and data analysts
can often be blinded. Blinding or masking these individuals
prevents systematic imbalances in effective concomitant
interventions, outcome evaluations and between-group comparability for baseline characteristics. Randomized controlled
trials of surgical interventions are often more difficult to
blind than drug trials, which typically achieve blinding with
placebos.1 It is most problematic to blind allocation from
patients and research personnel when comparing a surgical
intervention to nonoperative management. Group imbalances in surgical trials could occur if the outcome assessors,
care providers and patients are not blinded to the treatment
allocation. The outcome assessors might assess the outcome
differently if they are aware of the treatment allocation.
Blinding outcome assessors protects the trial against the differential assessment of the outcomes. People who set up
follow-up visits may (intentionally or unintentionally) make
extra efforts for complete follow-up for patients who
received experimental treatment than for those who received
conventional treatment if they are not blinded for treatment
allocation. This may create differential follow-ups between
study groups and introduce attrition bias. When patients are
aware of the treatment allocation, their attendance at followup visits are usually different than those who are blinded to
the treatment allocation. The differential loss to follow-up is
greater when surgical intervention is compared with conservative management and blinding is impractical. For example,
Michaels and colleagues17 compared surgery to conservative
management for uncomplicated varicose veins. At 1 year
follow-up, there was significant attrition owing to patients
failing to attend follow-up visits or withdrawing from the
trial (35% conservative arm v. 17% surgery arm). By the end
of the third year, 52% of patients in the conservative arm
had undergone surgery. To increase the internal validity of
an RCT, researchers should blind as many involved individuals as possible and clearly state which individuals are
blinded and how the blinding is achieved. When blinding of
patients and health care providers is not feasible, to prevent
group imbalances surgical researchers should ensure that the
randomization process is independently administered and
that people who randomly assign patients into the trial are
not involved in patient care. To maintain group comparability, the surgical researchers should ensure that the study
groups are, except for the intervention, treated equally (i.e.,

concomitant interventions) and that every effort is made for
a complete follow-up for all participating patients. Another
useful tip to avoid differential assessment of outcome measures and maintain comparability between the groups when
blinding is not feasible is to have 2 or more individuals independently assess outcomes and resolve the disagreements
with consensus.

COMPLETE FOLLOW-UP
Ideally, every patient should be followed until the completion of the study. Failure to account for all patients at the
end of the study is another factor that risks introducing
imbalances between treatment groups and losing the benefits conferred from randomization. 1 The imbalances
become more prominent when there are systematic differences between comparison groups in the loss to followups or drop-outs from the study. Patients who do not
attend follow-up visits are usually different from the ones
who do;1 they may have died, experienced the outcome of
interest or had a satisfactory outcome. Losses to follow-up
are greater and differential when
• no treatment is required after surgery, especially when
the follow-up time is long;
• concomitant treatments (e.g., rehabilitation or physiotherapy) are required for one treatment group but not
the other; and
• the trial is not blinded and patients are aware of what
treatment they have received.1
Loss to follow-up is a common problem in surgical
trials. There are strategies that can be implemented to
minimize the burden of this problem. The following
strategies should be considered before randomly assigning
patients into the trial:
• excluding patients unlikely to adhere,
• fully informing patients of both the burden of the study
and of the harms and benefits of the treatment,
• establishing follow-up visits suited to patients’ satisfaction,
• obtaining contact information to prompt patients to
return for follow-up,
• keeping data collection to a minimum, and
• hiring a research person to accomplish all of the above.1
Despite these strategies, there will still most likely be
patients lost to follow-up in each group. The proportion of
losses to follow-up should be anticipated and accounted for
in surgical research. Studies should be adequately powered
to answer the research question at initiation, including
allowance for losses to follow-up and attrition bias.18 There
are different approaches to handle losses to follow-up at
the stage of data analysis, such as last observation carried
forward, multiple imputation, mixed effect model and the
best-case and worst-case scenarios.19,20 These approaches do
not eliminate the bias introduced from losses to follow-up
and the conclusions drawn from these studies must be
interpreted with caution.1
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INTENTION-TO-TREAT ANALYSIS
In many trials, some patients invariably switch from one
treatment to the other owing to side effects, apparent lack
of effectiveness or a simple change in preference. If
researchers analyze patients based on the treatment they
receive (known as per protocol or analysis by treatment
administered), they risk introducing prognostic imbalances
between treatment groups and lose the benefits conferred
by randomization. Alternatively, the intention-to-treat
approach analyzes patients in the groups to which they were
randomly assigned, regardless of the treatment they actually
received, and provides the least biased assessment of the
efficacy of the treatment.1,20,21 Intention-to-treat analysis
maintains prognostic balances in study groups. In surgical
trials, adherence to protocol is not usually an issue when the
treatment is a one-time irreversible process, but there may
be a chance of conversion from new treatment to conventional treatment for technical reasons or owing to comorbidities. The intention-to-treat analysis does not eliminate
bias introduced by conversion, losses to follow-up or withdrawals, but provides the best estimate of the effect size that
can be expected for patients in whom the treatment is
attempted (regardless of the need for conversion).1
We have summarized and listed the key considerations
on this topic in Box 1 to help surgeons and surgical

researchers sustain comparability between groups to
enhance the validity and credibility of their research.

CONCLUSION
The goal of randomization is to create similar groups for
the known and unknown confounding factors at the start
of the trial. If necessary safeguards are used to maintain
similarities between groups, any differences found at the
completion of the study can be attributed to the treatment
under investigation. Surgeons planning to conduct research need to consider these safeguards ahead of time
and use appropriate methodology to avoid biases at different stages of their research and enhance the validity and
credibility of their findings.
Competing interests: No funding was received in preparation of this
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Box 1. Tips for surgical researchers in optimizing between-group comparability: key considerations by study phase
Enrolment

Concealment of allocation (continued)

• Clearly define inclusion and exclusion criteria.
• Adhere to the trial protocol, and communicate and train your research
personnel and collaborators accordingly.
• Design a patient-entry form with key data points to identify and keep track
of patients assessed for eligibility criteria.
• Design a patient-entry form with key data points to identify and keep track
of enrolled patients, and ensure that all eligibility criteria are met.
• Pretest patient-entry forms.
• Predefine in the protocol how to deal with protocol violations.
• Check eligibility criteria diligently for every patient.
• Ensure that patients who meet all of the inclusion criteria and none of the
exclusion criteria are enrolled.

• When using envelopes, ensure that envelopes are
• dark and opaque,
• sealed and serially numbered,
• opened sequentially and only after the patient’s name and other
details are written on the envelope, and
• kept in a locked and secure place.

Randomization
• Ensure that the individual who generates the allocation scheme is not
involved in ascertaining eligibility, administering treatment or assessing
outcomes.
• Use an appropriate randomization technique such as computergenerated random sequence to ensure true random allocation. Avoid
using birth year, day of the week or alternate chart numbers as
methods of randomization.
• Consider block randomization with blocks of variable sizes, if using block
randomization, to avoid imbalance in the numbers of patients assigned in
each group.
• Consider stratified randomization by factors that will likely cause group
imbalances to ensure that these factors are evenly distributed between
study groups.
Concealment of allocation
• Ensure that individuals responsible for recruiting and allocating patients to
treatments remain unaware of the next assignment in the sequence.
• Consider using an optimal method for proper allocation concealment (e.g., a
24-hour telephone randomization line, web-based randomization service or
hospital pharmacy).
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Blinding
• Blind as many individuals as possible.
• If blinding was not feasible
• ensure that people who are randomly assigning patients are
independent from the study and not involved in patient care,
• ensure that study groups, except for the intervention, are treated equally
and a complete follow-up is attempted for all participating patients, and
• ensure that 2 or more individuals independently assess outcomes and
resolve the disagreements with consensus.
Follow-up
• Implement strategies to minimize losses to follow-up in study groups,
particularly when there is no concomitant treatment after surgical intervention.
• Anticipate losses to follow-up and define how these losses will be
accounted for at the stage of study design and data analysis:
• adjust your sample size to account for the losses to follow-up to
maintain a well-powered study, and
• implement appropriate methods (e.g., multiple imputations) to handle
the losses to follow-up at data analysis.
Intention-to-treat analysis
• Analyze patients in the groups to which they were randomly assigned,
regardless of the treatment they actually received.
• Minimize conversion rate from one treatment to another in surgical trials:
• ensure that every enrolled patient is equally eligible to receive either
treatment, and
• ensure that the participating surgeons have passed the learning curve
stage for the novel procedure.
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