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SIGNIFICANCE: The effectiveness of masking is rarely evaluated or reported in single- or double-masked clinical
trials. Knowledge of treatment assignment by participants and clinicians can bias the assessment of treatment
efficacy.

PURPOSE: This study aimed to evaluate the effectiveness ofmasking in a double-masked trial of 5%povidone-iodine
for the treatment of adenoviral conjunctivitis.

METHODS: TheReducing Adenoviral Patient Infected Days study is a double-masked, randomized trial comparing
a one-time, in-office administration of 5% povidone-iodine with artificial tears for the treatment of adenoviral con-
junctivitis. Masking was assessed by asking participants and masked clinicians at designated time points if they
believed the treatment administered was povidone-iodine or artificial tears, or if they were unsure. Adequacy of
masking was quantified using a modified Bang Blinding Index.

RESULTS: Immediately after treatment, 34% of participants who received povidone-iodine and 69% of those who
received artificial tears guessed incorrectly or were unsure of their treatment (modified Bang Indices of 0.31 and
−0.38, respectively). On day 4, 38% of the povidone-iodine participants and 52% of the artificial tear participants
guessed incorrectly or were unsure of their treatment (modified Bang Indices of 0.24 and −0.05, respectively),
indicating adequate and idealmasking. On days 1, 4, 7, 14, and21,masked clinicians guessed incorrectly or were
unsure of treatment in 53%, 50%, 40%, 39%, and 42% among povidone-iodine participants compared with
44%, 35%, 38%, 35%, and 39% among artificial tears participants, respectively. The modified Bang Indices
for clinician masking in the povidone-iodine group ranged from −0.05 to 0.25 and from 0.13 to 0.29 in the arti-
ficial tears group.

CONCLUSIONS:Masking of participants and clinicians was adequate. Successful masking increases confidence
that subjective measurements are not biased. We recommend quantitative assessment and reporting the effective-
ness of masking in ophthalmic clinical trials.
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Randomized controlled clinical trials are regarded as the crite-
rion standard for determining the efficacy of an intervention in
health care. Critical to the success of these trials, however, is that
participants and clinicians are masked and therefore have no
knowledge of treatment allocation. If unmasked, participants may ex-
hibit conscious and/or unconscious bias that influences their symp-
tom reporting (e.g., ocular redness, tearing, and eyelid swelling) and
their performance in functional assessments (e.g., visual acuity mea-
surements and visual field testing). Participant bias may also affect
compliance with dosing regimens and study withdrawal rates be-
cause of participants' beliefs regardingwhether they received treat-
ment or placebo. Unfortunately, many of these biases cannot be
corrected by analytic methods.1–3 Bias of study cliniciansmay also

affect outcome assessments (e.g., grading of clinical signs), data
collection, analytical interpretations, and even the formulations of
conclusions.3,4 Investigator and/or participant bias due to knowledge
of treatment allocation can have substantial effects on efficacy
reporting, resulting in treatment effects being exaggerated by 10 to
36%5–9 and greater heterogeneity in subjective outcomes.10 In a sys-
tematic review of 21 trials in which masked and unmasked observers
assessed subjective outcomes, unmasked observers detected 26%
fewer failure events on average and were more optimistic in 36% of
the assessments as compared with masked observers.4

Despite the importance of masking in treatment trials, its effec-
tiveness is seldom reported in individual studies,11–13 particularly
in ophthalmic literature. In a review of ophthalmic treatment trials
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over a 4-year period (Appendix, available at http://links.lww.com/
OPX/A487), approximately 6% (4/69) reported the effectiveness
of masking. Of the four studies reporting on masking effectiveness,
only two provided details regarding the methodology on how the ef-
fectiveness was quantified,14,15 with the other two simply stating
that no participants were unmasked during the study.16,17

Most methods to assess masking involve querying participants
and/or clinicians to guess which treatment (control/placebo vs.
treatment medication) was received/given during the trial. Results
can be divided into three-response categories (treatment, control/
placebo, or “do not know”) or five-response categories in which
participants who indicate they think they know which trial arm they
are in also indicate whether they strongly or somewhat believe their
choice is correct. These responses are traditionally analyzed using
χ2 or κ statistical testing. A disadvantage of these methods is that
they ignore the “do not know” response and only compare the cor-
rect and incorrect responses. To factor in the “do not know” re-
sponse, two masking indexes have been created: (1) the James
Index is a modification of the κ statistic that includes the “do not
know” response and assesses overall masking without distinguish-
ing between treatment arms (treatment vs. control) and (2) the
Bang Index that includes the “do not know” response and allows
for the evaluation of the treatment and control arms indepen-
dently.18 In brief, the Bang Index calculates the difference between
the proportions of correct and incorrect guesses by excluding “do not
know” responses in the numerator but including them in the denom-
inator. Thus, the Bang Index assumes that a “do not know” response
indicates masking.11 A more detailed description of the Bang Index
statistics is described in prior literature.2,11,18

The aim of this study is to assess masking in a double-masked
pilot study investigating the efficacy of 5% povidone-iodine for ad-
enoviral conjunctivitis. Adenoviral conjunctivitis is a common
cause of conjunctivitis that can cause significant discomfort. Al-
though generally self-limiting, because of its contagious nature, it
is not uncommon for affected individuals to be furloughed from
school or work for 1 to 2 weeks. Although there currently is no Food
and Drug Administration–approved treatment of adenoviral con-
junctivitis, a treatment that shortens the duration of infection could
have a substantial impact on an individual's quality of life and poten-
tially limit outbreaks.19,20 Many agents, such as corticosteroids,
virustatic agents, interferon, immune suppressants, and antiseptic
agents, have been tested as treatments for adenoviral conjunctivitis
with minimal success.21,22 In the current study, we systematically
assessedmasking because a common perception is that neither pa-
tients nor clinicians could be masked to povidone-iodine, which
can cause irritation, and has a distinctive odor and amber color that
distinguishes it from artificial tears, the control. The effectiveness
of treatment masking (whether povidone-iodine or artificial tears
were administered) was assessed in both participants and clini-
cians after treatment and then at follow-up visits. In adherence to
the 2013 SPIRIT recommendations for clinical trials,23 we used
a standardized protocol and the Bang Index as a quantitative
method for assessing masking effectiveness.

METHODS

Study Design

The Reducing Adenoviral Patient Infected Days study is a mul-
ticenter, double-masked, randomized pilot study comparing the
safety and efficacy of a one-time, in-office administration of

ophthalmic 5% povidone-iodine compared with artificial tears for
the treatment of adenoviral conjunctivitis. Participants were 18 years
or older presenting with red eye(s) onset of ≤4 days and a positive
point-of-care test for adenoviral conjunctivitis. The primary measure
of treatment efficacy was reduction in viral load, and secondary mea-
sures included improvement in patient-reported symptoms and
clinician-graded signs. Institutional review board approval was ob-
tained by each study site and the Coordinating Center at Washington
University in St. Louis, MO. Informed consent was obtained from all
participants in compliance with the ethical principles of the Declara-
tion of Helsinki.

Study Protocol

Concealed centralized randomization was performed to minimize
biased randomization. Treatment allocation was determined by the
Coordinating Center and concealed in sequentially numbered sealed
boxes that contained either 5% povidone-iodine or artificial tears in
a 1:1 ratio. A unique sequential ID number with no reference to treat-
ment assignment was assigned to each participant.

At the baseline/randomization visit, the unmasked clinician
instilled one drop of proparacaine followed by four to five drops of
either 5% ophthalmic povidone-iodine or artificial tears. Partici-
pants were instructed to close their eyes for 2 minutes and to move
their eyes in all directions to distribute the treatment solution to the
ocular surface, while the clinician used a gloved finger to apply
gentle pressure to the closed lids. Then, a 2 � 2 gauze pad moist-
ened with the assigned solution was used to dab along the eyelid
margins of the closed eye. After a 2-minute exposure to the treat-
ment, a nonpreserved buffered sterile saline solution was used to
generously lavage the eye, and another gauze pad moistened with
sterile saline was used to wipe the eyelid margins to remove all
traces of the study medication. After instillation of the assigned so-
lution, participants were asked to guess whether they believed they
received artificial tears or povidone-iodine, or if they were unsure of
which treatment they received. Post-treatment follow-up examina-
tions were on days 1 to 2, 4 (days 3 to 5), 7 (days 6 to 10), 14 (days
11 to 17), and 21 (days 18 to 21). At the day 4 examination, par-
ticipants were again asked the same question as to what treatment
they believed they had received. Similarly, masked clinicians were
asked which treatment they believed the participant received or if
they were unsure. Initially, masked clinicians only answered this
question at the day 14 examination; however, the protocol was
amended 7 months into the study to assess masking at each
follow-up visit. At each visit (days 1 to 2, 4, 7, 14, and 21), primary
and secondary outcome measures were assessed by a masked clini-
cian. Primary measures of viral load were determined by collecting
conjunctival swab tear samples. Secondary measures included re-
cording patient-reported symptoms, and clinical evaluation included
Snellen visual acuity, lymph node palpation, and grading of clinical
signs with slit-lamp biomicroscopy by the masked clinician. Strate-
gies to decrease follow-up loss included setting appointments at
the conclusion of each participant evaluation and contacting partic-
ipants by telephone and e-mail. In addition, in the event that an
in-person visit could not be completed, a verbal questionnaire or
e-mailed questionnaire was offered.

Measuring Effectiveness of Masking

Effectiveness of masking was analyzed using participant
guesses at day 0 and day 4 and guesses of masked clinicians at
each follow-up visit. The Bang Index was used to compare the pro-
portion of respondents guessing correctly to those who incorrectly
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guessed the treatment assignment in each randomization group sep-
arately.11 The Bang Index is scaled from −1 to 1, with a score of 0
indicating the optimal masking. A score of “1” indicates a complete
lack of masking (i.e., all participants guessed their treatment assign-
ment correctly), and “−1” indicates opposite guessing (i.e., all indi-
viduals incorrectly guessed their treatment assignment). A Bang
Index of ±0.20 indicates a range of ideal masking.11,18 Beyond
ideal, adequacy of masking was based on a priori criteria18 defined
as the following:

−0.20 to +0.20 = “ideal”
+0.21 to +0.24 = “adequate”
+0.25 to +0.29 = “fair”
+0.30 or higher = “less than fair”

In addition, a failure to achievemasking would be deemed if the
95% confidence limit of the index did not include the null value
(0).2,11

For this study, the Bang Index was modified by combining “un-
sure” responses with incorrect responses. If the concern is that par-
ticipants who think they received povidone-iodine may exhibit bias
and exaggerate treatment effects, we reasoned that participants
who either believed they received artificial tears or did not know
which treatment they received would both not exhibit these bias
traits and were therefore appropriately grouped together. The ratio-
nale for pooling “unsure” with incorrect guesses among partici-
pants was applied to clinician guesses as well.

Analyses were done using SAS (V9.4) Software (Statistical Anal-
ysis Software, 2018; Cary, NC). In addition to calculating the mod-
ified Bang Index, the proportion of correct versus unsure/incorrect
responses of participants and clinicians was compared at each visit
for the povidone-iodine and artificial tears groups using a two-sided
Fisher exact test (PROC FREQ). Changes in the proportion of cor-
rect versus unsure/incorrect responses over time within each ran-
domization group were analyzed using generalized linear models
(PROC GENMOD).

RESULTS

The CONSORT diagram (Fig. 1) indicates participant flow.

Participant Masking

Immediately after treatment, 34% (10/29) of the participants
who received povidone-iodine guessed incorrectly or were unsure
which treatment they received (modified Bang Index of 0.31;
95% confidence interval, 0.02 to 0.60) indicative of less than ad-
equate masking. Among participants who received artificial tears,
69% (18/26) guessed incorrectly or were unsure of which treat-
ment they received (modified Bang Index of −0.38; 95% confi-
dence interval, −0.68 to +0.09), indicating that a significant
number either believed that they received the povidone-iodine
treatment or were unsure of the treatment (Table 1). At baseline,
there was a statistically significant difference in masking between
the participants who received povidone-iodine versus those who re-
ceived artificial tears (P = .01).

On day 4, 38% (8/21) of the povidone-iodine participants
guessed incorrectly or were unsure which treatment they received
(modified Bang Index of 0.24; 95% confidence interval, −0.11
to +0.59), indicating adequate masking. Among participants who
received artificial tears, 52% (11/21) guessed incorrectly or were

unsure which treatment they received (modified Bang Index of
−0.05; 95% confidence interval, −0.41 to +0.31), indicating ideal
masking (Table 1). At day 4, there was no significant difference in
masking between the povidone-iodine and artificial tears groups
(P = .53). There was also no difference between the randomization
groups in the proportion of participants making correct and unsure/
incorrect guesses over time (P = .27).

Clinician Masking

There was no difference in masked clinician guesses in the pro-
portion of correct versus unsure/incorrect guesses between ran-
domization groups for any visit (P > .05). In addition, there was
no difference between the randomization groups in the proportion
of masked clinicians making correct and unsure/incorrect guesses
over time (P = .72).

Fig. 2 shows the percentage of masked clinicians who guessed
incorrectly or were unsure of the participant randomization group
over the duration of the study. At the day 1 to 2 visit, masked clini-
cians guessed incorrectly or were unsure in 53% (10/19) of the
participants in the povidone-iodine group (modified Bang Index
of −0.05; 95% confidence interval, −0.43 to +0.32), indicating
ideal masking. Masked clinicians guessed incorrectly or were un-
sure in 44% (7/16) of the participants in the artificial tears group
(modified Bang Index of 0.13; 95% confidence interval, −0.28
to +0.53), indicating ideal masking (Table 2).

At the day 4 visit, masked clinicians guessed incorrectly or were
unsure in 50% (7/14) of the participants in the povidone-iodine
group (modified Bang Index of 0.0; 95% confidence interval,
−0.44 to +0.44), indicating ideal masking. Masked clinicians
guessed incorrectly or were unsure in 35% (6/17) of the partici-
pants in the artificial tears group (modified Bang Index of 0.29;
95% confidence interval, −0.09 to +0.68), indicating fair masking
(Table 2).

On days 7, 14, and 21, masked clinicians guessed incorrectly or
were unsure in 39 to 42% of the participants in the povidone-iodine
group (modified Bang Indices between 0.17 and 0.25), and
guessed incorrectly or were unsure between 35 and 39% in the arti-
ficial tears group (modified Bang Indices ranged between 0.23 and
0.29), indicating fair masking (Table 2).

DISCUSSION

Effectiveness of masking is especially important in ophthalmic
studies where outcome measures are often qualitative and suscep-
tible to influence from knowledge of treatment allocation. An im-
portant objective of the Reducing Adenoviral Patient Infected
Days pilot study was to determine if participants and clinicians
could be masked to treatment allocation, despite marked color dif-
ference and potential odor and irritation of povidone-iodine com-
pared with artificial tears. Treatment efficacy in the Reducing
Adenoviral Patient Infected Days study was assessed using subjec-
tive measures such as visual acuity, clinician grading of clinical
signs, and patient-reported symptoms. Masking in the Reducing
Adenoviral Patient Infected Days study was more successful than
initially hypothesized and determined to be adequate overall. Mea-
sures taken to protect double masking included concealed ran-
domization allocation, administration of topical anesthetic before
instillation of artificial tears or povidone-iodine to minimize differ-
ences in ocular comfort, thorough saline lavage of the eye and ad-
nexa to eliminate residual yellow-brown evidence of povidone-iodine,
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and scheduling all follow-up study visits with amasked clinician with-
out access to treatment assignments.

When masking is optimal, the number of unsure responses
should be high, and the number of incorrect and correct guesses
should be equal. Immediately after instillation on day 0, it is not
surprising that a high proportion (66%) of participants in the
povidone-iodine group guessed correctly: povidone-iodine has a
markedly different appearance, and a participant's sensation with
this drop may be quite different from artificial tears. Surprisingly,
a high proportion (54%) of participants in the artificial tears group
were unsure, or 15% guessed incorrectly. Statistical comparison of
adequacy of masking of participants between the povidone-iodine
and artificial tears groups on day 0 shows that masking is different
between those randomized to povidone-iodine versus artificial

tears (P < .01). The modified Bang Index for masking of the
povidone-iodine group was less than fair, andmany of those receiv-
ing artificial tears either were unsure or mistakenly believed that
they received the treatment. However, by day 4, masking improved
to adequate in the povidone-iodine group and was ideal in the arti-
ficial tears group. At this point, the proportions of masking between
the two groups were not different (P > .10). Clinician masking for
the povidone-iodine group was ideal at days 1 and 4 and remained
fair or better through day 21. Clinician masking for the artificial
tears group, which was ideal on day 1, decreased to fair and adequate
masking throughout follow-up. Although Fig. 2 shows a difference in
clinicianmasking between povidone-iodine and artificial tears on days
1 and 4, the differences in masking were not significant between the
randomization groups (povidone-iodine and artificial tears; P > .01).

FIGURE 1. CONSORT diagram of participant flow.
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The trend of no difference between the groups continued throughdays
7 to 21 (P > .01). Of interest, however, is that trend analysis of the
povidone-iodine group in Fig. 2 shows that success of masking de-
creases after day 4 to levels that are closer to those for the artificial
tears group. A possible explanation is that clinicians made inferences
regarding treatment assignment based on serial clinical findings and/
or participant comments regarding their experiences.

In the end, although masking is important, less than perfect
masking does not necessarily invalidate the subjective out-
comes. Unmasking can occur because of a variety of valid reasons.
Unmasking does not introduce a bias if unmasking occurs because
the treatment is obviously effective. Unmasking can also occur be-
cause of side effects, which does not necessarily introduce bias. Thus,
while masking should be evaluated as a way to have a high-quality
study design, subjective outcomes may be validated when confirmed
by objectives measures. For example, in the Reducing Adenoviral

Patient Infected Days study, a reduction in viral titers over time as
measured by quantitative polymerase chain reaction helped to vali-
date findings of patient-reported symptoms and clinical signs.

There are several limitations to this study. The Reducing Adeno-
viral Patient Infected Days study was designed as a pilot study with
a small sample size. Not every participant returned for every exam-
ination. On day 4, the missed visit rates were 19% in the artificial
tears group and 30% in the povidone-iodine group. The reasons for
not returning were not specifically queried; however, many of these
missed visits were scheduled for a weekend. Participants in the ar-
tificial tears group reported immediate reduction in discomfort af-
ter instillation of artificial tears, so it is possible they missed
follow-up visits because their symptoms improved.24 Future stud-
ies should consider assessing reasons for participant and clinician
guesses of treatment allocation. Because the differences between
the two treatmentsmay have contributed to participant unmasking,

TABLE 1. Participant guesses of treatment assignment to 5% PVP-I or AT

Study visit
Treatment
group

Correct guess,
n (%)

Incorrect guess
(n)

Unsure guess
(n)

Incorrect + Unsure,
n (%)

Modified Bang Index
(95% CI)

Day 0 PVP-I (n = 29) 19 (66) 2 8 10 (34) 0.31
(0.02 to 0.60)

AT (n = 26) 8 (31) 4 14 18 (69) −0.38
(−0.68 to −0.09)

Day 4 PVP-I (n = 21) 13 (62) 3 5 8 (38) 0.24
(−0.11 to +0.59)

AT (n = 21) 10 (48) 4 7 11 (52) −0.05
(−0.41 to 0.31)

AT = artificial tears; CI = confidence interval; PVP-I = povidone-iodine.

FIGURE 2. Percentage of masked clinicians who guessed incorrectly or unsure of participant randomization group. AT = participants who were
administered artificial tears; PVP-I = participants who were administered povidone-iodine.
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future studies using formulations of povidone-iodine could con-
sider a control that simulates the sting, smell, and discoloration
of povidone-iodine.

Because it is common in clinical vision research to use subjec-
tive measures such as participant symptoms and clinical signs as
outcome measures, the inclusion of masking assessments can im-
prove the quality of clinical trials. Subjective findings that are
prone to bias due to poor masking may cause researchers to draw
erroneous conclusions. Using a quantitative measurement such
as a modified Bang Index to evaluate participant or clinician bias
can help in bolstering the validity of results. Although it is difficult
to know why the inclusion of masking assessment is not routinely
done in vision research, there are a few possibilities. There may
be a perception that less-than-ideal masking can either weaken
or even negate any outcomes/findings. If a treatment is found to
be effective, the optimization and assessment ofmasking protocols
can make the study design more complex and add expense. For

example, adding additional study personnel to maintain masking
and creating control medications that have similar appearance
and cause similar side effects may all increase expenses and time
commitments. Finally, in reviewing study design, it is not always
easy to anticipate or determine the cause of unmasking because
it can be multifactorial.

In summary, masking of participants in the Reducing Ade-
noviral Patient Infected Days study was adequate for the
povidone-iodine group and ideal for the artificial tears group on day
4. Clinician masking through the study was adequate for both the
povidone-iodine group and the artificial tears group. Routine inclu-
sion of masking assessment in research can augment the validity
of trial results and increase the impact on clinical practice by
strengthening the conclusions. We recommend ophthalmic research
studies to use a quantitative index of masking, such as the Bang
Index, to improve study design and strengthen confidence in
outcomes.

ARTICLE INFORMATION

Supplemental Digital Content: The Appendix is an assess-
ment of masking in ophthalmic literature explaining the
method by which a PubMed literature search was per-
formed. In addition, details are given for the justifica-
tion of using the modified Bang Blinding Index.

Appendix Table A1: Comparison of original Bang and
modified Bang Blinding Index. Participant guesses of
treatment assignment in the povidone-iodine group and
artificial tears group at day 0 and day 4. The Appendix is
available at http://links.lww.com/OPX/A487.
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TABLE 2.Masked clinician guesses of participant treatment assignment to 5% PVP-I or AT

Study visit
Treatment
group

Correct guess,
n (%)

Incorrect guess
(n)

Unsure guess
(n)

Incorrect + Unsure,
n (%)

Modified Bang Index
(95% CI)

Day 1 PVP-I (n = 19) 9 (47) 3 7 10 (53) −0.05
(−0.43 to +0.32)

AT (n = 16) 9 (56) 2 5 7 (44) 0.13
(−0.28 to +0.53)

Day 4 PVP-I (n = 14) 7 (50) 5 2 7 (50) 0.00
(−0.44 to +0.44)

AT (n = 17) 11 (65) 3 3 6 (35) 0.29
(−0.09 to +0.68)

Day 7 PVP-I (n = 15) 9 (60) 3 3 6 (40) 0.25
(−0.22 to +0.62)

AT (n = 16) 10 (63) 3 3 6 (38) 0.24
(−0.15 to +0.65)

Day 14 PVP-I (n = 18) 11 (61) 1 6 7 (39) 0.22
(−0.16 to +0.60)

AT (n = 17) 11 (65) 4 2 6 (35) 0.29
(−0.09 to +0.68)

Day 21 PVP-I (n = 12) 7 (58) 1 4 5 (42) 0.17
(−0.30 to +0.63)

AT (n = 13) 8 (62) 3 2 5 (39) 0.23
(−0.21 to +0.67)

AT = artificial tears; CI = confidence interval; PVP-I = povidone-iodine.
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