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Wrong-drug errors, thought to be caused
primarily by drug names that look and/or
sound alike, occur at a rate of about one
error per thousand dispensed prescrip-
tions in the outpatient setting and one
per thousand orders in the inpatient
setting.1 2 Most are relatively benign, but
some cause severe or even fatal harm.3–5

One of the best known attempts to reduce
drug name confusion has been the use of
mixed case or ‘Tall Man’ lettering.6 The
idea is to use capital letters to maximise
the visual perceptual difference between
two similar drug names. Thus, vinblastine
and vincristine become vinBLAStine and
vinCRIStine. If some look-alike/sound-
alike (LASA) mix-ups are caused by errors
in visual perception, the reasoning goes,
then making the names more visually
distinct should reduce the probability of
confusion and error.
After being endorsed by the US Food

and Drug Administration (FDA),6 the
Institute for Safe Medication Practices
(ISMP),7 The Joint Commission8 and
others, the practice has become wide-
spread.9 However, apart from limited evi-
dence of effectiveness in laboratory
settings, no evidence shows that this tech-
nique prevents drug name confusion
errors in clinical practice. Zhong et al10

attempted to assess the effect of Tall Man
lettering on drug name confusion errors
in a large scale, longitudinal, observa-
tional study. They conclude that this
widely disseminated error-prevention
strategy had no measurable effect on the
rate of drug name confusions in 9 years
of data from 42 children’s hospitals in
the USA. Below we comment on meth-
odological issues in the Zhong et al
study, review laboratory research on Tall
Man lettering and consider policy
implications.

METHODOLOGICAL ISSUES
The authors are to be commended for
conducting a large-scale, empirical test of
the effect of Tall Man lettering on the
drug name confusion error rate in real-
world clinical settings. The paper has
many strengths, including its use of an
interrupted time series design to test the
main hypothesis. The scale of the paper
is impressive, covering 1.6 million orders
from 42 hospitals over 9 years (2004–
2012). Still, there are limitations to be
noted, beyond those raised by the
authors.
The most significant limitation is that it

is unknown at what point each of the 42
study hospitals implemented Tall Man (if
at all), and for which pairs of names.
These sites likely began the study period
with paper-based ordering and moved to
computerised provider order entry
(CPOE), though some may have been
using CPOE prior to 2004. Both the
availability of Tall Man capability and the
specific pairs selected for Tall Man treat-
ment would have been decided by the
hospital, the electronic medical record
vendor or the medication knowledge base
vendor. It is possible that none or not all
of the 11 pairs of names studied by
Zhong et al were converted to Tall Man
at every site, and some pairs may have
been converted earlier than 2007. The
authors did not document whether Tall
Man was actually in use in the 42 study
hospitals, nor did they confirm whether
or at what point the each of the 11 pairs
of names selected for analysis was subject
to Tall Man treatment in each hospital.
Although recommended by the 2007
report of The Joint Commission as a
national patient safety goal, Tall Man was
never required by any regulatory body. It
was one of several safe practices hospitals
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could have adopted to meet the goal.8 If a hospital
were not using Tall Man, either at all, or for the spe-
cific pairs studied, or during a specific time period,
then one would not expect a reduction in error for
that site, pair or time period. Not knowing these
details leaves open the interpretation that the null
effect observed by Zhong et al was due not to the
ineffectiveness of Tall Man but rather to the non-
implementation of Tall Man for the study pairs during
the observation period.
The authors selected confusing pairs of drug names

from the ISMP list,11 which contains confusions of all
types (brand/brand, brand/generic and generic/
generic). They then converted all names to generic
because their database only used generic names. Some
brand name pairs are similar, but the corresponding
generics are much less so (eg, Prozac/Prograf vs fluox-
etine/tacrolimus). If the hospitals in question used
generic names for ordering, the likelihood of confu-
sion between two relatively dissimilar generic names is
smaller than if the brand names were used. This
problem is further complicated by potential differ-
ences in the requirement to order by generic name
only, or both brand and generic, in CPOE systems
used during the study period. Hospitals that only
allowed generic orders could not have made any of
the brand/generic or brand/brand errors selected for
analysis by Zhong et al. Furthermore, Tall Man is a
strategy for preventing visual perception errors only.
One should not expect Tall Man to affect either
memory errors or auditory perception errors.
In terms of the rate of error, the authors cite two

other studies that tested systems for automated detec-
tion of LASA errors,12 13 but did not cite two studies
that used direct observation to estimate the wrong-drug
error rate, which both estimated to be roughly one per
thousand.1 2 Readers should be cautioned about com-
paring the rates reported in the current study to those
reported in the direct observation studies. In the
current study, the denominator is 4-day hospitalisa-
tions. In the direct observation studies, the denomin-
ator is number of prescriptions dispensed or ordered.
The authors used patterns of orders of each drug

across a 4-day sliding window to define when an error
occurred. This approach has a precedent,13 but the
authors used only some of the possible patterns.
Certain plausible patterns were not included because
they did not lend themselves to detection using the
authors’ method (see figure 1). Figure 1A and 1B are
taken from Zhong et al and exhibit some typical sus-
picious patterns used in the study. Figure 1C and 1D
were plausible but not used in the study. Figure 1C
corresponds to a situation where drug B is given in
error on the first day, and the error is never caught.
Figure1D corresponds to a situation when the error
occurs on the last day, and there is no time to observe
the error being corrected. Using the authors’ methods,
the first pattern in figure 1C is indistinguishable from

an intentional order for drug B. It could only be
detected as an error if one could detect a mismatch
between drug B’s indications and the patient’s current
problems.14

The patterns used for detection by Zhong et al all
required that the errors be intercepted and corrected
within 4 days. This means that the study only mea-
sured the rate of intercepted LASA errors.
Non-intercepted errors, which may account for 20%
of all hospital medication errors,2 could not be
detected using these methods. While this limitation
seems acceptable when trying to measure the effect of
Tall Man in a quasi-experimental design, the method
is not measuring the actual LASA error rate, and at
best is a non-validated estimate of the rate of inter-
cepted LASA errors. The estimate is non-validated
because charts were not reviewed to confirm that an
actual error occurred. For example, a patient who
received 1 day of hydroxyzine and then 3 days of
hydralazine might have had legitimate indications for
both. Although the pattern hydroxyzine–hydralazine–
hydralazine–hydralazine is suspicious, only chart
review can confirm whether it is actually an error.

LABORATORY-BASED EXPERIMENTS ON TALL
MAN LETTERING
Until now, the evidence base for or against the useful-
ness of Tall Man lettering came only from laboratory

Figure 1 The figure depicts possible patterns of drug
dispensing for a pair of look-alike/sound-alike (LASA) drugs.
Drug A and drug B might refer to morphine and
hydromorphone or vincristine and vinblastine or any other LASA
pair. A and B are from Zhong et al.10 C and D are plausible
error patterns that were not included.
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experiments. Table 1 summarises results from all
laboratory-based experiments published in peer-
reviewed journals.
Table 1 illustrates that there was very little evidence,

for or against Tall Man lettering, when it was recom-
mended widely in 2007. There were only four peer-
reviewed published experiments. None of them
included healthcare professionals, and only two mea-
sured error rates. Other measures such as response
times and eye-tracking gaze patterns are valuable, but
they do not directly address errors, the crucial
measure of clinical importance. Of the two experi-
ments that measured error rates,15 16 only one showed
that Tall Man reduced drug name confusion errors.15

Subsequently, more laboratory-based experiments
have been conducted. Of the 15 studies in table 1, 10
(67%) provided at least some evidence for the effect-
iveness of Tall Man—either in analyses of error rates
or some other measure, such as response time. These

experiments provide limited evidence to support
benefit from Tall Man. Error rates constitute the
crucial measure, and only eight experiments (out of
13, ie, 62%) show reduced error rates in the Tall Man
condition.
Simply counting up the number of studies with

positive or negative results does not account for pos-
sible differences in quality among studies. By our
reading, the eight positive studies did not appear to
be any better designed than those with null results. In
fact, it is possible that some of the positive results are
due to demand characteristics.17 Demand character-
istics describe situations in which if a participant
knows the purpose of the experimental manipulation
and the expected behaviour of participants, they
behave in a way that conforms to expectations. In
effect, the study participants adjust their behaviour
(consciously or not) to support the perceived goal of
the experimenter. In several Tall Man experiments,

Table 1 Published laboratory-based experiments evaluating the impact of Tall Man lettering on look-alike/sound-alike drug errors

Author(s) and year
of study

Number and
type of
participants

Type of
laboratory-based
experimental task

Were participants
informed of the
purpose of Tall
Man lettering
before the task?

Was there an
effect of Tall
Man lettering
on drug name
confusion
errors?

Was there an
effect of Tall
Man lettering
on other
measures?

Was there an
effect of degree
of drug name
similarity on
errors or other
measures?

Filik et al (2004)15 20 Lay people Visual search Unknown Yes Yes –

Filik et al (2006)16

Experiment 1
20 Lay people Same–different No – No –

Filik et al (2006)16

Experiment 2
20 Lay people Same–different Yes – Yes –

Filik et al (2006)16

Experiment 3
28 Lay people Recognition memory Unknown No Yes –

Schell (2009)28

Experiment 1
102 Lay people Same–different Unknown No* – Yes

Schell, 200928

Experiment 2
11 Healthcare
professionals

Same–different Unknown No – –

Filik et al (2010)29

Experiment 1
56 Lay people Same–different Unknown Yes Yes –

Filik et al (2010)29

Experiment 2
127 Healthcare
professionals

Visual search Unknown Yes No* –

Darker et al (2011)18 144 Healthcare
professionals

Reicher–Wheeler Yes Yes – –

Irwin et al (2013)19

Experiment 1
60 Lay people Visual search No No No –

Irwin et al (2013)19

Experiment 2
28 Healthcare
professionals

Visual search No No No –

Or and Chan, (2014)23 60 Lay people
and healthcare
professionals

Same–different Unknown Yes No Yes

Or and Wang (2014)24

Experiment 1
40 Lay people Same–different Unknown Yes – Yes

Or and Wang (2014)24

Experiment 2
40 Healthcare
students

Same–different Unknown Yes – Yes

DeHenau et al (2016)30 40 Healthcare
professionals,
40 Lay people

Flicker change
detection

Unknown Yes Yes –

*There was a significant effect but in the opposite direction (worse performance for Tall Man relative to standard text).
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participants were told before the task that Tall Man
lettering was meant to aid discrimination between
similar names, knowledge that may have influenced
task performance.16 18 In one study, when participants
were not told beforehand about Tall Man’s purpose,
Tall Man lettering was not effective, but then in
a follow-up study, when participants were told,
Tall Man was effective.16 Elsewhere, failure to find a
positive effect of Tall Man lettering was attributed to
participants not knowing the purpose beforehand.19

It could be also argued that studies in which partici-
pants know the purpose beforehand better simulate
real-world clinical practice because most healthcare
professionals will know the purpose of Tall Man let-
tering. Although these studies may be more ecologic-
ally valid in a sense, they nevertheless suffer from
laboratory-based demand characteristics that are
unlikely to occur in the real world. In an experimental
setting, the tasks are short enough for participants to
keep at the forefront of their mind the purpose of Tall
Man lettering and the goal of the experimenter, but
in the real world, with long hours and repetitive tasks,
healthcare professionals are unlikely to be able to con-
tinuously keep the purpose and goals in their minds
as saliently as they would in a laboratory experiment.
It is not clear how many clinicians (especially non-
pharmacists) understand the purpose of Tall Man.
Thus, some of the positive results in favour of Tall
Man lettering may be due to experiment-specific phe-
nomena that will not translate to real-world clinical
practice.
Finally, because of submission and publication

biases,20 experiments that found no effect of Tall Man
lettering may be under-represented in the published
literature. If the Tall Man benefit were robust, it
ought to appear in all or almost all of the experi-
ments. Null results in more than a third of the experi-
ments suggest that the effects of Tall Man are either
too small to be detected or are dependent on certain
task or participant characteristics. One would like the
effect to be more robust and replicated in clinical set-
tings prior to making policy.

POLICY IMPLICATIONS
Zhong et al’s overall finding is that a widely dissemi-
nated policy, one strongly endorsed by three of the
most respected medication safety organisations in the
world (The Joint Commission, the US FDA and
ISMP), had no apparent beneficial effect in 42 paedi-
atric hospitals over a 9-year period. The negative
result, especially if replicated in other studies, raises
policy questions in the realm of patient safety. The
most important of these concerns the amount and
quality of evidence that should be required before
new error-prevention measures are widely promul-
gated or required—a long-standing source of tension
in the field.21 22 In this case, as of 2007 when Tall
Man went into wide use, only two published studies

on a total of 88 laypeople had been published, and
only one of them showed a reduction in error rates.
We should demand a higher standard of evidence.
Clinical evidence of Tall Man’s effectiveness ought to
have been required prior to widespread implementa-
tion. The counterargument is that demanding evi-
dence before acting might slow the implementation of
safe practices that pass the test of common sense and
expert opinion. And since Tall Man seems harmless,
some might say the demand for evidence of effective-
ness may be too stringent.
A definitive study would cluster-randomise pharma-

cies, hospitals or health systems to use or not use Tall
Man and then measure drug name confusion error
rates by chart review or direct observation.
Alternatively, an interrupted time series study could
be carried out in a single hospital, measuring the error
rate before and after implementation (or, at this point,
de-implementation of Tall Man). These designs would
also permit evaluation of other methods of name dif-
ferentiation, such as different colours (red) or combin-
ing boldface with Tall Man.23 24 Such studies have not
been conducted and are badly needed.
One reason to demand more evidence prior to

implementation is the opportunity cost of implement-
ing any error-prevention measure.25 Health informa-
tion technology staff represent a finite resource whose
work must be carefully prioritised, especially in this
era of proliferating quality measures related to ‘mean-
ingful use’ of electronic health records.26 Choosing to
do one thing often means postponing something else.
There are many clinical decision support measures
and new technologies available that may improve
patient safety, and prioritisation should be evidence
based. When we implement ineffective interventions,
we forego, at least temporarily, the opportunity to put
in place more effective, evidence-based safety mea-
sures. In this sense even a 'harmless' mandate is not
without cost. There will always be costs—to imple-
ment the mandated strategy, to monitor for its pres-
ence and the distraction from other potential activities
that have greater evidence of benefit.

CONCLUSION
Zhong et al conclude that the Tall Man intervention
has no benefit because the error rate for the studied
pairs of names did not decrease in the postimplemen-
tation period. If Tall Man were a robust and effective
intervention, one would expect to have seen some evi-
dence of benefit in a study of this size and quality.
The study makes an important contribution to under-
standing the role of Tall Man in preventing drug
name confusion errors, but methodological limitations
prevent it from offering a definitive result. If this
finding is corroborated in other settings with other
pairs of names, after addressing the methodological
problems cited above, the continued use of Tall Man
in its current form should be reconsidered. The
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history of the Tall Man intervention, with its wide-
spread implementation proceeding without evidence
of its effectiveness, is an object lesson for those who
make policy about patient safety.

Twitter Follow Bruce Lambert at @bruce_lambert
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