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Abstract

Background: It is challenging for outcome assessors to remain blinded during outcome assessment in trials with pro-
spective randomized open blinded endpoint (PROBE) design. If assessors are able to guess the correct treatment alloca-
tion more often than expected based on chance, the assessors may have been not properly blinded.

Aims: We aimed to assess blinding of outcome assessors in a stroke trial with PROBE design and its association with
outcome.

Methods: We used data of the Interventional Management of Stroke (IMS) Ill trial. The modified Rankin Scale (mRS)
at 90days was assessed by local assessors who were unaware of treatment allocation. To assess success of blinding,
each assessor was asked to guess the patient’s treatment allocation. We assessed whether the percentage of correct
guesses was higher than chance (i.e. 50%). The association between correctly guessed treatment allocation and the mRS
at 90days was analyzed with ordinal logistic regression stratified by treatment allocation. We tested for interaction of
correctly versus incorrectly guessed treatment allocation with actual treatment allocation on the mRS. Patients with
missing data on guessed treatment allocation and patients who died prior to 90-day assessment were excluded.

Results: In total, 459 patients were included in this study. The assessors guessed the correct treatment allocation signif-
icantly more often than expected (267/459, 58.2%, one-sided p=0.0003). Correctly guessed treatment allocations were
associated with better mRS scores in the intervention group (common odds ratio (cOR): 2.28, 95% confidence interval
(CI): 1.50-3.48) and with worse mRS scores in the control group (cOR: 0.47, 95% Cl: 0.27-0.83) (p,,.craction < 0-001).

Conclusions: Assessors may not always be truly blinded for treatment allocation in clinical trials, and their guesses may
be associated with outcome. Although causality between the assessors’ guess and patient outcome cannot be deter-
mined, future trials with subjective outcome should make efforts to ensure blinding and should report their blinding
method and the success of blinding like the IMS Il trial.
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Introduction

Blinding is important to minimize bias in outcome assess-
ment of clinical trials, particularly in trials with subjective
outcomes. ' If outcome assessment is not properly blinded
for treatment allocation, this may lead to biased treatment
effect estimates.>*

In trials with a prospective randomized open blinded
endpoint (PROBE) design, patients and their proxies are
aware of the treatment they received. Therefore, it may be
challenging for outcome assessors to remain blinded if out-
come assessment is conducted in person or by telephone
(i.e. interactive outcome assessment). If assessors are able
to guess the correct treatment allocation more often than
expected based on chance, the assessors may have been not
properly blinded.’

Many trials do not collect information about inadvertent
unblinding by patients and proxies or by inadvertent review
of other data sources, and, even if collected, trials do not
report this information.®® We aimed to assess blinding of
outcome assessors in a stroke trial with PROBE design and
its association with outcome.

Methods
Data

We used data from the Interventional Management of
Stroke (IMS) III trial.>!® In short, IMS III was a phase 3,
multicenter, clinical trial with PROBE design that evalu-
ated the efficacy and safety of endovascular treatment plus
intravenous thrombolysis in a dose of 0.6 mg/kg (interven-
tion) compared to intravenous thrombolysis alone (con-
trol). The IMS III trial enrolled 656 patients from 58
international centers between August 2006 and April 2012,
aged 18 to 80years with a moderate-to-severe ischemic
stroke (National Institutes of Health Stroke Scale=10)
before initiation of intravenous thrombolysis. Patients were
randomly assigned in a 2:1 ratio to the intervention group
or control group. The primary outcome was a modified
Rankin Scale (mRS) score of 2 or less at 90 days. The mRS
is a measure of functional outcome, which evaluates the
degree of disability or dependence in daily life, and ranges
from 0 (no symptoms) to 6, with 5 indicating severe disa-
bility and 6 indicating death. A score of 2 or less implies
functional independence.!! The trial was approved by the
ethics committee and research board of each participating
center. Written informed consent was obtained from
patients or their legal representative before enrollment in
the trial.

Clinical outcome assessment

Clinical outcome assessment at 90 days was performed by
study investigators (assessors) who were not directly
involved with acute treatment of the patient and who were

unaware of treatment assignment. Patients were instructed
not to discuss their initial hospitalization and treatment.
Each assessor, as the final act of blinded assessment,
guessed whether they believed the subject was in the inter-
vention group or control group at the end of outcome
assessment. In addition, they indicated how sure they were
of their answer and listed items that their guess was based
upon. They were not specifically asked if patients or prox-
ies inadvertently mentioned information about the proce-
dure. However, as this is a protocol violation, this should
have been reported to the trial coordinators. The question-
naire is shown in Supplemental Table 1.

Statistical analysis

The trial was analyzed according to the intention-to-treat
principle. For this study, patients without guessed treatment
allocation (i.e. missing data) by the outcome assessor and
patients who died prior to 90-day assessment were excluded.
Clinical characteristics of patients included in this study
were compared with patients who were excluded because
of missing indication of treatment allocation. We described
the degree (i.e. number of patients and percentage) of cor-
rectly guessed treatment allocations in the total population
and stratified by treatment allocation. Whether the percent-
age of correct guesses was higher than chance (i.e. 50%)
was assessed with a binomial probability test (one-sided p
value). The difference in the degree of correctly guessed
treatment allocations over treatment groups was compared
with a chi-square test. We also describe the degree of cor-
rectly guessed treatment allocations according to how sure
the assessors were of their guess. Differences in the fre-
quencies of how sure the assessors were of their guess
between the intervention group versus control group were
compared with a Fisher’s exact test. Items that the assessors
based their guess upon were described by guessed treat-
ment allocation by the assessor.

The association between correctly guessed treatment
allocation and the mRS at 90 days was analyzed with ordi-
nal logistic regression stratified by actual treatment alloca-
tion and is presented as common odds ratio (cOR) with
95% confidence interval (CI) to indicate statistical preci-
sion. We used a multiplicative interaction term to test for
interaction of correctly versus incorrectly guessed treat-
ment allocation with actual treatment allocation on the
mRS. Statistical analyses were performed with Stata/SE
16.1 (StataCorp, Texas, USA).

Results

Of'the 656 patients included in the IMS IlI trial, 131 patients
could not be assessed within 90days due to prior death.
Among the remaining 525 patients, 459 (87.4%) patients
had data on the blinded assessor’s designation of treatment
allocation and were included in this study (Figure 1). The
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Figure I. Flowchart of patients included in this study. IMS:

Interventional Management of Stroke.

Total IMS III population
(n=656)

Excluded (n=197):

- Patient had died before follow-up assessment
at 90 days (n=131)

- Missing guessed treatment allocation (n=66)

Included in this study
(n=459)

median age was 67 (interquartile range (IQR): 56-75)
years, 238 (51.9%) patients were men, baseline National
Institutes of Health Stroke Scale was 16 (IQR: 13-20), and
304 (66.2%) patients were randomized to the intervention
group. Patients included in the analyses showed similar
baseline clinical characteristics, treatment assignment, and
90-day clinical outcomes, as patients were excluded
because their treatment allocation was not guessed by the
assessor (Table 1).

Guess of treatment allocation by the
assessors

The assessors guessed the correct treatment allocation sig-
nificantly more often than expected (267/459, 58.2%, one-
sided p=0.0003) (Table 2). The assessors guessed the
treatment allocation correctly in 183/304 (60.2%) patients
in the intervention group and in 84/155 (54.2%) patients in
the control group. There was no difference in percentage of
correctly guessed treatment allocations between treatment
groups (p=0.218). The percentage of correctly guessed
treatment allocations increased when the assessors were
more sure of their guess (Table 3). The percentage of cor-
rectly guessed treatment allocations was equal to chance if
the assessors indicated that they were not sure of their guess
(p=0.1406).

Items that the assessors based their guess
upon

The assessors mostly based their guess on improvement in
symptoms (n=272, 59.8%, Figure 2), and this was more

often used to guess the intervention group (42% vs. 17.8%,
p<<0.001). Lack of improvement was more often used to
guess the control group (15% vs. 2.2%, p<0.001).

Association between correctly guessed
treatment allocation and outcome

There was an interaction between correctly versus incor-
rectly guessed treatment allocation and the actual treatment
allocation on the mRS (p, . ....ion < 0.001); correctly guessed
treatment allocations were associated with better mRS
scores in the intervention group (cOR: 2.28, 95% CI: 1.50-
3.48) and with worse mRS scores in the control group
(cOR: 0.47, 95% CI: 0.27-0.83; Figure 3).

Discussion

In this study, we assessed blinding of outcome assessors in a
stroke trial with PROBE design and its association with the
mRS, which is a relatively subjective outcome. Our study
suggests that assessors might not be truly blinded for treat-
ment allocation in trials with PROBE design and that their
guessed treatment allocation is associated with outcomes.

In trials with PROBE design, patients and health care
providers are not blinded, but outcome assessors are
assumed to be blinded.'? This assumption might not be true
for all trials with PROBE design, as we found that outcome
assessors were able to guess the correct treatment alloca-
tion more often than expected based on chance. Therefore,
it is important that the possibility of unblinding of outcome
assessors to treatment allocation is considered and is
assessed and reported, as was uniquely done in the IMS III
trial.

Our finding that outcome assessors were able to guess
the correct treatment allocation more often than expected
based on chance could be explained by several reasons. It
could be explained by the use of local assessors. Local
assessors, compared to central assessors, might be more at
risk for unblinding, because local assessors can (uninten-
tionally) be informed about treatment allocation during the
patient’s hospital admission and they can have access to
information related to treatment allocation. Another expla-
nation is that the assessors’ guess of treatment allocation
might be influenced by outcomes (i.e. reversed causality).
Although causality of our finding cannot be determined,
researchers and clinicians should pay attention to the pos-
sibility of unblinding of outcome assessors in trials with
PROBE design, especially since the outcome assessment
method as in the IMS III trial is still used in clinical trials
with PROBE design."? Central outcome assessors should
be considered as they decrease the likelihood of unblind-
ing, because they cannot (unintentionally) be informed
about treatment allocation during the patient’s hospital
admission and they do not have access to other sources of
information related to treatment allocation.
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Table I. Clinical characteristics of patients included in this study versus excluded patients with unknown guess of treatment allocation.

Included patients

Excluded patients with missing guess

(n=459) of treatment allocation (n=66)

Age in years—median (IQR) 67 (56-75) 68 (54-75)

Baseline NIHSS—median (IQR)* 16 (13-20) 15 (12-17)

Randomized to the intervention group—n (%) 304 (66.2) 47 (71.2)

IQR: interquartile range presented as the 25th and 75th percentile; NIHSS: National Institutes of Health Stroke Scale.
*Baseline NIHSS score was missing for 1/459 (0.2%) patient in the group of included patients.
tModified Rankin Scale score at 90 days missing for 13/66 (19.7%) patients in the group of excluded patients with missing guess of treatment

allocation.

Table 2. Correctly guessed treatment allocations by the assessors in the total cohort and stratified by actual treatment allocation.

Total (n=459)

Intervention group (n=304)

Control group (n=155)

Correctly guessed treatment allocation—n (%) 267 (58.2)

183 (60.2) 84 (54.2)

p value 0.0003*

0.218f

*The p value for more than 50% correctly guessed treatment allocations (one-sided binomial probability test).

fComparison of intervention group versus control group.

Table 3. Correctly guessed treatment allocations by the assessors according to how sure the assessors were of their guess in the

total cohort and stratified by treatment allocation.

Total (n=459)

Somewhat
Very sure  sure Not sure Very sure
(n=28) (n=105) (n=326) (n=24)
Correctly guessed 24 (85.7) 70 (66.7) 173 (53.1) 21 (87.5)
treatment

allocation—n (%)

Intervention group (n=304)

Control group (n=155)

Somewhat
sure
(n=38)

Somewhat
sure

(n=67)

Not sure
(n=113)

Not sure
(n=213)

Very sure
(U))

47 (70.1) 115(540) 3(750)  23(60.5) 58 (51.3)

p value 0.0001* 0.0004%* 0.146*

0.0651

*The p value for more than 50% correctly guessed treatment allocations (one-sided binomial probability test).

fComparison of intervention group versus control group.

Outcome assessors indicated that they based their guess
of treatment allocation often on improvement or lack of
improvement. Although this follows logic, it is important to
realize that outcome assessors might associate outcomes or
side effects with intervention, which can also be the case in
double-blinded trials.

Success of blinding of outcome assessors is often not
assessed and/or reported.®’ Because unblinding may lead

to biased treatment effect estimates,>* we recommend that
the methods and effectiveness of blinding in trials with sub-
jective outcome should be assessed and reported, for exam-
ple, by adding this item to the CONSORT (Consolidated
Standards of Reporting Trial) checklist and the SPIRIT
(Standard  Protocol Items: Recommendations for
Interventional Trials) guideline.!*!® Assessment of the
blind should include for assessors to make a forced choice

International Journal of Stroke, 00(0)
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Figure 2. Items that the assessors based their guess upon and the guessed treatment allocation by the assessors.

70%
60%
81
50% (17.8%)
40%
30%
191
20% (42.0%)
35
& (7.7%)
10% 24 (5.4%)
(15.0%)
45 2
4(0,9%) (10%) (7.3%)
0% TR LS (1390 | .3%,
Improvement in symptoms* Lack of improvement in Adverse effects of study Lack of adverse effects of study Other reasons| |
symptomst treatmentt treatment§
M Assessor guessed intervention group Assessor guessed control group

*Data on improvement in symptoms were missing for four patients.

Data on lack of improvement in symptoms were missing for six patients.

*Data on adverse effects of study treatment were missing for six patients.

SData on lack of adverse effects of study treatment were missing for seven patients.
IData on other reasons were missing for |8 patients.

Figure 3. Functional outcome by incorrectly versus correctly guessed treatment allocation by the assessor stratified by actual
treatment allocation. Correctly guessed treatment allocations were associated with better mRS scores in the intervention
group (cOR: 2.28, 95% Cl: 1.50-3.48) and with worse mRS scores in the control group (cOR: 0.47, 95% CI: 0.27-0.83)

< 0.001). mRS: modified Rankin Scale.

(Pinteraction

Control group (n=155) Bmrso MmRs1 MmRs2 mRS 3 mRS 4 mRS 5

Incorrectly guessed treatment allocation
(n=71)

Correctly guessed treatment allocation
(n=84)

Intervention group (n=304)

Incorrectly guessed treatment allocation

(n=121) e L

Correctly guessed treatment allocation

(n=183) K

%

between treatment arms.’ It is important to present only the  of outcome assessment on the assessors’ guess, the asses-
treatment arms (e.g. “control” and “intervention”) as alter-  sors should be asked to guess the treatment allocation both
natives, because introducing the possibility of answering prior to and after assessment. In addition, it should be
with the socially correct “I do not know” makes the results  assessed whether patients or their proxies brought up infor-
of your test difficult to interpret. To evaluate the influence mation related to treatment to the blinded assessor. For
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example, by including a question in which the assessor
should indicate if the patient or their proxy had brought up
this information or perhaps better by recording outcome
assessment and to verify whether patients or proxies had
brought up information about the treatment. Furthermore,
as the preconceived belief of the assessor might influence
outcome assessment, measuring the beliefs about interven-
tion efficacy and safety during the trial—as these beliefs
may change during the trial—can be informative to help
understand the relevance of (in)correct guesses of treatment
allocation.'® Alternatively, to validate outcomes and to
assure blinded outcome assessment, the use of external,
blinded outcome adjudication can be beneficial and should
be considered.!” For example, by the use of an outcome
committee that adjudicates masked reports based on struc-
tured interviews of the assessors. Finally, we emphasize
that everyone who relies on the results of randomized trials
should consider the risk of unblinding.

This study has several limitations. First, the assessors
were asked to guess what treatment group the patient was
assigned to, but we do not know if the patient or their proxy
brought up information related to treatment during the
interview, although this should have been reported to the
trial coordinators as a protocol violation, and none of these
reports occurred. It cannot be fully known whether asses-
sors were truly unblinded or that the outcome affected the
assessors’ guess of treatment allocation (i.e. reversed cau-
sality). For example, if raters believe strongly in the suc-
cess of an intervention and that intervention proves to be
successful in the trial, they will favor assessment of a good
outcome in the intervention arm and will judge treatment
allocation correctly significantly more often than chance.
Second, patients in IMS III were randomized in a 2:1 fash-
ion. We assumed that the assessors did not take the 2:1 ran-
domization ratio into account when judging the patient’s
treatment allocation. If the assessors took the randomiza-
tion ratio into account, the expected percentage of correct
indications of treatment allocation based on chance would
be higher (i.e. 55.6; (intervention: %; X %)+ (control:
Y3 X 15)=5/9=0.556). However, it is unlikely that assessors
took the 2:1 randomization rate into account as they guessed
“intervention group” in 254/459 (55.3%) of the patients. If
they indeed took the 2:1 randomization ratio into account,
one would expect that the assessors guessed “intervention
group” in 306/459 (66.7%) of the patients. Another limita-
tion of this study is that we excluded patients who died
prior to 90-day assessment and patients with missing data
on guessed treatment allocation. Unblinding of patients
who died before 90-day follow-up is not relevant in terms
of outcome assessment as the last category on the mRS is
objective (death) in contrast to the other six categories. We
do not know why assessors did not guess or did not report
the treatment allocation of some patients and whether there
were unknown differences between this group and the

included patients. Importantly, a bias associated with base-
line characteristics, treatment allocation, and outcome is
unlikely, because patients included in this study and patients
with unknown guessed treatment allocation had similar
characteristics (Table 1).

In conclusion, we provide evidence that assessors may
not always be truly blinded for treatment allocation in clini-
cal trials, and their guesses may be associated with out-
come. Although causality between the assessors’ guess and
patient outcome cannot be determined, future trials with
subjective outcome should make efforts to ensure blinding
and should report their blinding method and the success of
blinding like the IMS III trial.
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