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PURPOSE: Ophthalmological randomised-control trials (RCTs) are complicated by inter-eye correlation, contralateral crossover
effects, and heterogeneity in treatment allocation patterns. This study examined the prevalence of uncontrolled treatment
allocation and its impact on outcomes in ophthalmological RCTs.

METHODS: All ophthalmological RCTs published in 2022 were analysed in a cross-sectional study that adhered to a preregistered
protocol (CRD42023474661). Eligible trials were assessed for treatment allocation patterns and clarity of reporting using a simple
nomenclature system. Associations between uncontrolled allocation and study characteristics, reporting clarity, funding, and trial
outcomes were examined.

RESULTS: From 359 RCTs, 42 distinct allocation patterns were identified, with 306 trials (85.2%) using controlled treatment
allocation. Uncontrolled treatment allocation was associated with unclear reporting (x> = 44.7, p < 0.001) and two-eye allocation
patterns (Fisher's exact test, p < 0.001). The distribution of p-values was similar between controlled and uncontrolled trials
(t=—0.603, p = 0.547), suggesting no increased likelihood of statistical significance. Uncontrolled allocation was more frequent in
non-English-speaking countries (x> = 4.681, p = 0.030) and studies of surgical interventions (x*> = 4.287, p = 0.038).
CONCLUSION: Uncontrolled treatment allocation is prevalent in ophthalmological RCTs and is associated with unclear reporting,
two-eye study designs, non-English-speaking settings, and surgical interventions. While no signs of deliberate misuse are evident,
these patterns may compromise the validity of trial analysis. Transparent reporting and careful consideration of treatment
allocation should be prioritised in trial design, protocol registries, and appraisal frameworks. A standardised nomenclature system

could improve clarity and reproducibility.

Eye (2025) 39:2591-2598; https://doi.org/10.1038/541433-025-03922-y

INTRODUCTION

In ophthalmology, randomised-control trials (RCTs) are compli-
cated by statistical quirks resulting from the fact that most
patients have two eyes [1]. Investigators have a range of options
to design and analyse trials. For instance, participants’ eyes may
be treated differently to leverage a paired control; participants
(rather than eyes) may be randomised to unilateral or bilateral
treatment with no inter-eye comparison; or investigators may
treat and/or measure just one eye from each participant to
simplify statistical analysis [2]. Interventions may themselves be
unilateral or bilateral, as can ophthalmological pathology.
Similarly, trial endpoints can involve one or both eyes, and many
clinical endpoints—such as higher order visual task performance
—depend on bilateral vision [3].

The simplest randomised-control trials compare outcomes
following an index intervention against a control arm which is
treated according to current best clinical practice (with a
placebo if necessary to support blinding) [4]. Assigning one eye
per individual to each arm is attractive as it generates paired
controls with few or no confounding factors. However, the
contralateral eyes and vision of each individual often correlate
in terms of disease and function, compromising many statistical

tests which depend on independence of measurements for
their validity [1]. Moreover, systemic treatments cannot be
selectively directed towards a single eye, and topical or local
treatments can have contralateral crossover which mask
observed clinical effects [5]. Further complication arises where
there are more than two interventions being trialled, as
intercorrelation between participants’ eyes may affect some
but not all statistical comparisons. Finally, randomisation of
eyes rather than participants can create imbalance in treatment
exposure, with some participants contributing more data points
than others.

There is no single correct treatment allocation pattern in
ophthalmological trials. The optimal treatment allocation pattern
depends on characteristics of the diseases, interventions, and
outcomes of interest [6]. However, treatment allocation patterns
may be categorised in broad terms as either controlled or
uncontrolled. Specifically, with controlled treatment allocation
patterns, the methodological and statistical relationship between
interventions is consistent; such that observed differences can be
more reliably attributed to the intervention. Conversely, uncon-
trolled treatment allocation patterns occur where eyes are
irregularly assigned to study arms, such as through inconsistent
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unilateral and bilateral treatment or variable overlap of treatment
arms within individuals.

Uncontrolled treatment allocation results in statistical noise
associated with confounding factors, as a subset of the eyes being
compared are exposed to variable crossover effects and
performance bias. This can lead to spurious results, leading to
mistreatment of patients which may continue for many years
before being corrected [7]. Despite these potential issues,
treatment allocation patterns are not emphasised in trial design,
and often not described in reports of clinical trals [2, 6]. In
addition, statistical analysis is often inappropriate with respect to
treatment allocation, compromising a large proportion of results
[2, 8].

Here, a cross-sectional study was undertaken to explore the
characteristics of treatment allocation in ophthalmological
randomised-control trials (TAO-RCT). By characterising and
quantifying the frequency of uncontrolled treatment allocation,
we aimed to prompt investigators to consider this novel aspect of
trial design to optimise the informativeness of experimental
results. We further aimed to investigate if there was any evidence
of treatment allocation being purposefully abused, such as to
increase the likelihood of positive results occurring due to
statistical noise. We made use of a simple and concise system
of nomenclature to allow investigators, appraisers, and reviewers
to easily describe the treatment allocation of eye-related
randomised-control trials.

METHODS

Searching and screening

A cross-sectional study was undertaken of ophthalmological randomised-
control trials reported within a 12-month period [9]. The search and
screening process adhered to a protocol preregistered on PROSPERO
(CRD42023474661). A comprehensive search strategy was designed to
capture ophthalmological randomised-control trials reported in 2022
(Supplementary Material 1). Abstract and full text screening was under-
taken by two blinded researchers, with a third independent researcher
casting a deciding vote to resolve disagreement. The following inclusion
criteria were used for screening:

Published between 1 January 2022 and 31 December 2022
Written in the English language

Human participants featured

Ophthalmological intervention featured

Prospective study design

Randomised allocation of intervention and control arm treatments

ounAwWN =

Data collection

Data collection for each paper was undertaken by a single researcher
(SG, HR, or CS), with a second researcher (AJT) subsequently verifying
each entry. A spreadsheet was used to collect the following data from
each study: country of study, funding source (academic, governmen-
tal, or industrial), condition of interest, intervention/s tested,
comparator/s, subspecialty and whether the intervention was medical
or surgical, allocation pattern (as described below), clarity of treatment
allocation pattern (explicit, implicit, or unclear), primary outcome/s,
and p values of tests comparing primary outcomes between
intervention.

We developed a simple and concise nomenclature system for
describing treatment allocation patterns: descending letters from ‘A’ to
describe treatments (including any placebo), ‘X’ to denote no treatment,
‘+' between letters corresponding to contralateral eyes within an
archetypical individual, and ‘&' to separate archetypical individuals. For
instance, ‘A + A & B + B’ would indicate that individuals were randomised
to receive treatment ‘A’ or ‘B" in both eyes; ‘A + X & B + X" would indicate
that individuals were randomised to receive treatment ‘A’ or ‘B’ in one eye,
with the contralateral eye untreated. In addition, treatment allocation
patterns were described in accordance with previous studies of one-eye
or two-eye allocation of eyes in RCTs; to facilitate comparisons across
different time points [2, 8].

SPRINGER NATURE

Controlled and uncontrolled treatment allocation patterns were
differentiated on the basis of whether they exhibited a consistent
relationship between interventions and participants. For instance, simple
controlled allocation patterns included ‘A+B’ and ‘A+A & B+B;;
whereas exemplar uncontrolled allocation patterns included ‘A+ A &
B + B & A + B'. This is because variable crossover effects of interventions A
and B could influence the effectiveness and therefore the results of
statistical comparisons between A and B.

Statistical analyses and data visualisation

The frequency of different treatment allocation patterns was first
computed and compared with previous reviews of ophthalmological
study design. Chi-squared statistics or Fisher's exact tests (where
frequency lower than 5 was present in at least one cell of a two-way
table) were used to describe the association between uncontrolled
treatment allocation and six potential risk factors: clarity of reporting, one-
eye versus two-eye allocation pattern, country and region of origin,
ophthalmological subspecialty, and medical versus surgical intervention.
p-values for primary endpoints were extracted from each trial and
analysed to evaluate whether statistical significance was more likely in
trials featuring uncontrolled treatment allocation using a t-test. Through-
out the analysis, a p-value of less than 0.05 was accepted as statistically
significant, but all analyses were also considered with respect to observed
effect sizes. Prospective power analysis was not undertaken because
sample size was determined by the number of eligible studies returned in
the initial literature search. Analysis was conducted in R (version 4.1.2; R
Foundation for Statistical Computing) and figures were produced in
Affinity Designer (version 1.10.6; Pantone LLC).

RESULTS

Study characteristics

Of 3,687 studies retrieved by the search strategy, 359 were
ultimately included. The search and screening process is
summarised in Fig. 1. A summary of the studies’ characteristics
is provided in Table 1; with details for each included study
available in Table S1. China and the United States were the most
frequent countries of study by a large margin. Most stu-
dies (58.2%) declared some form of funding support, most
frequently from industry. Medical interventions (n = 262) were
much more frequent than surgical interventions (n = 97). The
most frequent subspecialty of study was cornea, followed by
retina. The number of authors per paper ranged from one to 124,
but the median number of authors was seven.

Uncontrolled treatment allocation is associated with two-eye
design and unclear reporting

In 359 RCT reports, 42 distinct treatment allocation patterns were
identified (Table 2). Of these, 306 of 359 (85.2%) of RCTs featured
controlled treatment allocation patterns: where there was a
consistent relationship between participants and treatment arms.
The most frequent allocations patterns were ‘A+ X & B+ X' (i.e.
two treatments, each given unilaterally) and ‘A+ A & B+ B’ (ie.
two treatments, each given bilaterally or systemically). Uncon-
trolled treatment allocation was associated with unclear descrip-
tion in the RCT report (x> = 44.7, p < 0.001; Fig. 2A). Uncontrolled
treatment allocation was also associated with two-eye patterns
(Fisher's exact test, p < 0.001), as just one of the 159 reported one-
eye allocation patterns were uncontrolled (Fig. 2B). Three studies
only featured a control arm with no treatment or placebo; one of
these was uncontrolled as participants in the intervention group
had one eye treated (‘A + X & X + X'). The other two studies were
deemed ‘controlled’ in terms of allocation pattern, despite
acknowledging an associated risk of performance bias affecting
results through placebo effects [10].

Uncontrolled treatment allocation is not associated with p-
value noise or significance

A summary of the distribution of the characteristics of studies
with controlled and uncontrolled treatment allocation is provided

Eye (2025) 39:2591-2598
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Duplicates removed (n = 939)

Records excluded (n = 2,107)

Reports not retrieved (n = 16)

Reports excluded (n = 266):
Not published in 2022 (n = 2)
Not prospective (n = 145)
No human participants (n = 0)
No eye treatment (n = 113)
Not randomised (n = 6)

PRISMA flow chart depicting the search and screening process of identifying eligible records for the cross-sectional study. 359

ophthalmological randomised-control trials were ultimately identified and included in subsequent analyses. 16 records could not be retrieved for

full text screening after contacting the corresponding authors.

in Table 3. Some 711 p-values were extracted for primary
outcomes from the ophthalmological RCTs: 611 from 306 RCTs
with controlled treatment allocation, and 100 from 53 RCTs with
uncontrolled treatment allocation. p-values tended to group
around common accepted thresholds for statistical significance
such as 0.05, 0.001, and 0.0001 (Fig. 2C), in-keeping with
predictions based on widespread p-hacking or reporting bias
[11, 12]. There was no significant difference in the recorded p-
values in RCTs with controlled and uncontrolled treatment
allocation (t-test, t = —0.603, p = 0.547); and the distribution of
p-values in controlled and uncontrolled trials were very similar in
terms of range, interquartile range, and median (Fig. 2D).
Moreover, ‘significant’ results were not more common in
controlled or uncontrolled trials, with thresholds of p<0.05
(x*=0.761, p=0383), p<0.01 (x*=0052, p=0.820), or
p <0.001 (x> <0.001, p = 1.000).

Uncontrolled treatment allocation varies with funding source
and is associated with non-English-speaking study settings
and surgical interventions

The relative frequency of uncontrolled treatment allocation was
associated with funding source (x> = 16.569, p = 0.035), but was
not specifically associated with funding from industrial
(x> =2.115, p=0.146), governmental (x*>=0.076, p =0.783), or
academic (x>=1.514, p=0.219) sources. Observed association
was greatest with respect to industrial funding, but this did not

Eye (2025) 39:2591-2598

meet the pre-specified criteria for statistical significance. There
was also no association between uncontrolled treatment alloca-
tion and support from any funding or none (x*>=2.733,
p =0.098). This constellation of overall association without any
specific relationships identified may have been due to variation
being general rather than driven by a single type of funding, or
because of smaller pairwise comparisons lacking sufficient
statistical power to capture a relationship.

When association between controlled and uncontrolled treat-
ment allocation was tested with respect to region of the world in
which studies were conducted, the result indicated no specific
association (Fisher's exact test, p = 0.098). However, uncontrolled
treatment allocation was over twice as frequent in studies
conducted outside the anglosphere, and this association was
statistically significant (x*> = 4.681, p = 0.030).

Finally, uncontrolled treatment allocation was not associated
with subspecialty of study (Fisher's exact test, p = 0.098) but was
more common in trials involving a surgical intervention than a
medical intervention (x> = 4.287, p = 0.038). In surgical trials, 21 of
97 allocation patterns were uncontrolled; whereas in medical
trials, only 32 of 262 allocation patterns were uncontrolled.

DISCUSSION
In this study, uncontrolled treatment allocation featured in a
remarkable proportion of ocular randomised control trials: 14.5%.

SPRINGER NATURE
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Table 2. Treatment allocation patterns identified in 359
ophthalmological randomised-control trials published in 2022.

Allocation Pattern
Controlled (n = 306)

Frequency
A/B/C+ A/B/C 1
A/B+A/B 6

A/B+A/B & C/B+C/B & D/B +D/B & 1
E/B+E/B & F/B+F/B

A+A&A/B+A/B&A/C+A/IC 1
A+A&B+8B 82
A+A&B+B&C+C 1
A+A&B+B&C+C&D+D 4
A+A&B+B&C+C&D+D&E+E 1

A+A&B+B&C+C&D+D&E+E 1
&F+F

A+A&B+B&C+C&D+D&E+E 1
&F+F&G+G

A+A&B+B&X+X 1
A+A&X+X 4
A+B Bl
A+B&A+C

A+B&C+B

A+X

A+X&B+X
A+X&B+X&C+X
A+X&B+X&C+X&D+X
A+X&B+X&C+X&D+X&E+X
A+X&B+X&X+X

A/B+X & A/B+A/B
A+A&A+X&A+B&B+X&B+B
A+A&B+B&A+B&A+X&B+X
A+A&B+B&A+X&B+X
A+A&B+B&A+X&B+X&A+B
A+B&B+B
A+X&A+A&B+X
A+X&A+A&X+X
A+X&B+B
A+X&B+X&A+A&B+B
A+X&B+X&A+A&B+B&A+B
A+X&B+X&A+B

A+X&B+X&C+X&A+A&B+B
&C+C&A+B&A+C&B+C

A+A&A+B

A+A&B+B&CHC&A+X&B+X 2
&C+X

A+A&B+X 1
A+X&A+A&B+X&B+B 3
1
1

Uncontrolled (n = 53)

A+X&B+X&B+B&A+A

A+X&B+X&C+X&D+X&
A+A&B+B&C+C&D+D

A+X&B+X&CHX&D+X&E+X 1
&F+X&G+X&A+A&B+B&
C+C&D+D&E+E&F+F&G+G

A+X&X+X 1
In the allocation pattern notation, descending letters from ‘A’ describe
treatments (including placebo), ‘X’ denotes no treatment, ‘+' between
letters corresponds to contralateral eyes within an archetypical individual,
and ‘&’ separate archetypical individuals. Controlled allocation patterns were
more common overall, and all but one patterns where one eye per
participant was allocated were controlled.

Despite peaks in the frequency of p-values around common levels
of statistical significance—likely primarily due to reporting bias
[12] rather than p-hacking [11] as many trials specified analytical
plans in prospectively registered protocols—no evidence was
found of uncontrolled treatment allocation leading to a greater
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chance of obtaining a statistically significant result, or of a
systematic exploitation of uncontrolled treatment allocation by
particular funders or world regions. Uncontrolled allocation was
also more frequent in studies carried out in non-English-speaking
countries, and where surgical interventions featured.

To describe treatment allocation in eye-related RCTs, Lee et al.
grouped study designs as ‘one-eye’ or ‘two-eye’ based on
whether one or both eyes of each study participant were
included; and further split ‘two-eye’ designs based on whether
treatments were different, the same, or random between eyes of
each participant [2]. While one-eye design (e.g. ‘A+ X & B+ X) is
most common, significant heterogeneity in designs has been
identified previously [2, 8]. However, the frequency of uncon-
trolled treatment allocation—where trials may be compromised
ipso facto regardless of the analytical schema—has not previously
been characterised. This study indicates that uncontrolled
treatment allocation patterns are concerningly frequent, although
not present in a majority of trials. As there is no evidence of this
being an intentional process, the underlying reason is likely a
systemic lack of education and emphasis of treatment allocation
as an important aspect of trial design in ophthalmology. Notably,
all but a single one-eye allocation pattern identified in this study
were controlled. Therefore, promoting inclusion of one eye per
participant for treatment and analysis could be a simpler means
of promoting controlled treatment allocation. This may not be
possible where the intervention or standard of care necessarily
involves both eyes, but an emphasis on controlled allocation
patterns may reduce the likelihood of uncontrolled treatment
allocation.

In terms of limitations, this study did not characterise the
relation of allocated interventions to standard of care in
ophthalmology, or the quality of placebo controls. There is
therefore further scope for investigation to explore the pre-
valence of suboptimal treatment allocation in RCTs, using well
understood best practices such as control arms representing the
established standard of care, or placebos minimising performance
bias and maintaining participants’ blinding [6, 13]. These are
important potential deficiencies because placebo effects are well
documented in subjective and measured eye-related outcomes
[14, 15]. Second, misclassification of studies with implicit or
unclear reporting may have occurred, and further study could
engage investigators or published RCT protocols to elucidate
allocation patterns with greater confidence. Unclear description
could be in part due to language barriers, which could explain
part of the association between uncontrolled allocation patterns
and non-anglosphere countries of study [16]. Third, the study was
restricted to a single year; a sizable sample which permitted
statistical analysis with sufficient power to draw meaningful
conclusions, but a lack of ability to understand if the issues of
uncontrolled and confounded RCTs is becoming more or less
frequent over time. Work is ongoing to apply automated analysis
of RCT reports and protocols to derive treatment allocation
patterns, using large language models with ophthalmology-
specific knowledge and reasoning ability [17, 18].

In view of the frequency of uncontrolled and unclear treatment
allocation patterns, we would advocate initiatives to improve
awareness, emphasis, and transparency of treatment allocation
patterns in ophthalmological randomised control trials [2].
Subgroup analysis may be undertaken to describe the specific
effect (or lack thereof) of uncontrolled treatment allocation,
where present [19]. Controlled allocation patterns may be
encouraged by including a mandatory treatment allocation
parameter on clinical trial protocol registries, inclusion of
treatment allocation pattern in ophthalmological extensions to
consensus statements summarising best practices in clinical trials
(e.g. CONSORT, SPIRIT), or addition of treatment allocation to
critical appraisal tools for ophthalmological systematic reviews

SPRINGER NATURE
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Fig. 2 Distribution of treatment allocation and p-values of ophthalmological randomised-control trials. Mosaic plots depicting the
distribution of controlled (yellow) and uncontrolled (magenta) treatment allocation patterns in ophthalmological randomised control trials,
stratified by clarity of reporting of allocation pattern in panel A and by one-eye and two-eye allocation (per participant) in panel B. Uncontrolled
allocation occurred in 52 (14.5%) trials in 2022. Uncontrolled allocation was more frequent in trials where reporting is implicit or unclear; and in
trials exhibiting allocation of treatment to two eyes per participant. C Distribution of p-values for co-primary endpoints in ophthalmological
randomised-control trials included in the study. The inserted histogram in represents the same data but with p-values plotted on a logarithmic
x-axis. Peaks corresponding to common accepted levels of statistical significance (0.05, 0.01, 0.001) are suggestive or p-hacking or reporting bias.
D p-values for co-primary endpoints stratified by controlled and uncontrolled treatment allocation patterns. Similar distributions of p-values in
controlled and uncontrolled trials evidence against an increased likelihood of statistically significant results in uncontrolled trials.

within clinical trial registries, consensus statements, and critical
appraisal tools.

[20-22]. Promoting explicit inclusion of just one eye per
participant is an alternative means of maximising the likelihood
of treatment allocation being controlled; but may not always be
feasible.

SUMMARY
CONCLUSION What was known before
Ophthalmological RCTs are frequently unclear in their reporting
of treatment allocation, and uncontrolled treatment allocation
patterns are concerningly frequent; with greater prevalence in
surgical trials. Where treatment allocation patterns are reported
explicitly or implicitly, the frequency of uncontrolled allocation is
significantly lower. Initiatives to promote definition, reporting,
and appraisal of treatment allocation patterns may thereby
improve the statistical validity and evidence-quality of RCTs. This
may require adoption of treatment allocation as a parameter

® Randomised-control trials (RCTs) are the bedrock of evidence-
based ophthalmology, as they inform the community about
which treatments lead to the best outcomes for patients In
ophthalmology, RCTs are complicated by most participants
having two eyes which may interact and affect study
outcomes Treatment allocation may be uncontrolled, where
the relationship between interventions and participants’ eyes
is inconsistent.

SPRINGER NATURE Eye (2025) 39:2591 - 2598



Table 3. Characteristics of ophthalmological randomised control trials
published between 1 January 2022 and 31 December 2022, stratified by
whether their treatment allocation pattern was controlled or
uncontrolled.

Study n(controlled) n(uncontrolled) p-value
characteristic

One-eye design 158 1 <0.001
Two-eye design 148 52

Explicit allocation 150 10 <0.001
Implicit allocation 116 16

Unclear allocation 40 27

p <0.05 295 43 0.383
p =0.05 316 57

p<0.01 200 31 0.820
p=0.01 411 69

p <0.001 43 7 1.000
p=0.001 568 93

Academic funding 38 5 0.035
Academic and 26 2

governmental

funding

Academic and 7 0

industrial funding

Academic, 4 0

governmental, and

industrial funding

Governmental 28 6

funding

Governmental and 4 0

industrial funding

Industrial funding 80 9

No funding / 119 31

unclear

Central America 1 0 0.098
East Asia 77 12

Europe 55 12

Middle East and 42 12

North Africa

Multiple / unclear 22 3

North America 55 2

Oceania 5 1

South America 2

South Asia 44 9

Anglosphere 94 8 0.030
countries

Non-Anglosphere 212 45

countries

Cataract 42 5 0.098
Cornea 105 11

Glaucoma 30 7

Neuro- 3 1

ophthalmology

Oculoplastics 15 7

Paediatric 42 6

ophthalmology

Retina 62 14

Strabismus 6 1

Uveitis 1 1

Medical 230 32 0.038
intervention

Surgical 76 21

intervention

p-values for chi-squared tests (default) or Fisher’s exact test (where cells with
fewer than five occurrences were present) are provided in the final column.

Eye (2025) 39:2591-2598
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What this study adds

Uncontrolled treatment allocation is a frequent issue in
ophthalmological RCTs, identified in 14.8% of published
studies Uncontrolled allocation is associated with two-eye
allocation, surgical trials, and non-English-speaking countries
A simple nomenclature system can be used to facilitate
reporting treatment allocation patterns in study protocols,
RCT reports, and in critical appraisal work (e.g. systematic
review).

DATA AVAILABILITY

All

data required to replicate the study analysis are available as supplementary

material. This provides researchers with a representative sample of ophthalmological
randomised-control trials published over a 12-month period, for subsequent meta-
research and analyses.
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