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All: 180.1% Serious: 2.6%

Figure 1. Visualization of the ADE rates of four groups in a clinical trial, using area-proportional flower glyphs.

Abstract—Drugs are evaluated and compared during clinical
trials, and the observed adverse drug events are recorded.
Many trial results are available online in trial registries, such
as ClinicalTrials.gov. However, this data remains little used
currently, due to the volume and the tabular presentation.

In this paper, we focus on the visualization of adverse drug
event rates, aggregated in 13 anatomical categories and 2 levels
of seriousness. We designed four interactive visual analytics: hor-
izontal stacked bar chart with labels, vertical stacked bar chart,
area-proportional flower glyphs and star glyphs. We compare
the four approaches, analytically and through a preliminary user
study aimed at determining the user preferred visual analytics,
and we identify their advantages and disadvantages. We conclude
that the best options are the horizontal stacked bar chart, which
allows labels to help identify the categories of adverse drug
events, and the area-proportional flower glyph, which permits
a better visualization of small values when very high values are
present.

Index Terms—Visual analytics, clinical trial, drug adverse
events, flower glyph, star glyph.

I. INTRODUCTION

Clinical trials are experimental studies aimed at evaluating
a medical procedure or product. In particular, drugs are
evaluated during clinical trials. Each trial includes one or
several groups of similar patients, and each group receives a
different drug treatment (which may be a placebo). For each
group, the outcomes are measured, in terms of efficacy and

safety. More specifically, regarding safety, all adverse events
observed are recorded, since they might have been caused by
the drug treatment received.

Today, more than 42,000 trial results are available online
at ClinicalTrials.gov. This data includes outcomes, but also
the detailed tables of Adverse Drug Events (ADE) for each
group. These tables contain important and interesting clinical
evidence for comparing drugs, however, they are far too
voluminous for being used as such.

Visual analytics [1] have been proved to be efficient for
presenting voluminous data in a synthetic and visual way,
in order to facilitate the discovery of new insight from the
data. Among many other domains, visual analytics have been
applied to drug clinical properties. In the literature, stacked
bar charts were proposed for summing visually the ADE rates
of the various drugs in a drug orders [2]. In previous study,
we proposed visual approaches for the comparison of drug
properties such as contraindications and adverse effects [3],
[4] and for the comparison of properties of antibiotics found
in a knowledge base [5], [6].

In this paper, we describe the design of four visual analytics
techniques for the visualization of ADE rates observed in
clinical trials: horizontal stacked bar chart, vertical stacked
bar chart, flower glyph and star glyph. We compare the four
approaches, analytically and through a preliminary user study
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Figure 2. The 13 ADE categories and their associated colors.

aimed at determining the user preferred visual analytics, and
identify their advantages and disadvantages.

The rest of the paper is organized as follows. Section II
describes related works on visual analytics and glyphs. Section
I presents the design of the four visual analytics techniques
for ADE rates. Section IV shows the resulting visual analytics
and gives examples. Section V presents the preliminary user
study. Finally, section VI discusses the results of the presented
works and their limits, and concludes with perspectives.

II. RELATED WORKS

Many visual analytics techniques exist, including well-
known diagrams such as stacked bar charts or pie charts. A
more sophisticated technique is glyph [7], [8]: they represent
each piece of data by a small icon. The glyph includes several
parts, in terms of color, length, orientation, etc.

Two particular types of glyphs have been proposed for
representing tuples of numerical values: the star glyph and the
flower glyph. In the star glyph (or stardinates) [9], [10], three
or more axes are considered. All axes share the same origin,
but each axis is oriented in a different direction. The glyph
represents a tuple of numerical values (one per axis), and is a
closed polygon, obtained by joining the points corresponding
to the position of each value on its axis. Usually, each glyph
has its own set of axes, but several star glyphs can also be
superposed.

Flower glyphs (also known as Nightingale’s Rose plot) [11],
[12], [13] are flower-shaped. The glyph has several petals. It
represents a tuple of numerical values (one per petal), and
the length of each petal is proportional to the corresponding
value. Petals can be colored. G. Pilato et al. [14] proposed
the addition of a central region to the flower glyph. The ring
glyph [15] is quite similar to the flower glyph, but petals are
replaced by round bubbles. These bubbles may overlap each
other. The leaf glyph [16] is another botanic-inspired glyph.

III. VISUAL ANALYTICS DESIGN

ADE were classified in 13 anatomico-functional categories:
cardiovascular, neurologic,... plus an “unclassified” category
for ADE that are not specified in terms of anatomy (e.g.
general symptoms like asthenia or cancer without precision
of the organ involved). Each ADE was classified in one or
two categories, using the MedDRA (Medical Dictionary for
Drug Regulatory Activities) standard medical terminologies
that is recommended for the description of ADE in ClinicalTri-
als.gov. In addition to the category, two levels of seriousness
are present in ClinicalTrials.gov: serious ADE vs non-serious
ADE. Thus, for each group in a clinical trial, we need to
visualize 13 x 2 = 26 real values.

We associated a specific color with each category (Figure
2), and we tried to use colors often associated with the
corresponding organs or systems, e.g. yellow for the urinary
system, red for the cardiovascular system, gray for the nervous
system, or brown for the digestive system. Arbitrary colors
were used when no such color exist, e.g. green for the
reproductive system. The unclassified category was associated
with the white and/or the dark gray color. When relevant for
the visual techniques, we used a darker color for serious ADE.

We designed horizontal and vertical stacked bar charts with
13 bars (one per category), with two stacks: one for serious
ADE (at the bottom/left for vertical/horizontal bar charts, with
a darker color) and one for non-serious ADE (at the top/right).
We ordered categories so as to position medically related
categories next to each other, e.g. the respiratory system was
placed next to the cardiovascular system. Unclassified ADE
were added as a last black bar, on the right/bottom. In addition,
in the horizontal stacked bar chart, we added textual short
labels indicating the ADE category, e.g. “cardiovascular”.

We designed the flower glyph as having 12 petals corre-
sponding to the 12 ADE anatomic categories, and a central
white region representing unclassified ADE. Serious ADE
were represented by a darker region inside the 12 petals
and the central region. For deciding the position of each
category on the flower glyph, we considered the position of
the corresponding organs in the human body, e.g. the brain is
the largest nervous organ is located at the top of the body, thus
the “nervous” category was placed at the top. On the contrary,
the urinary system is at the bottom. We also tried to position
related categories next to each other, as above.

Contrary to what was found in the literature, we used area-
proportional flower glyph: the area of the petal is proportional
to the ADE rate, and not the length of the petal. Similarly, the
central region and the darker regions for serious ADE are area-
proportional to the ADE rate. The use of area-proportionality
was motivated by the fact that the human eye is known to
be more sensitive to area rather than to distance [17], but
also by the fact that ADE rates are often non-linear, with
many small values and a few high values. Consequently, area-
proportionality allows showing more details on small values.



We designed the star glyph by considering 13 axes, one
per ADE category. Each axis was colored using the category
color, and we added a colored circle at the axis end to
improve the color visibility. Categories were presented in the
same order as in the flower glyph, with the addition of the
unclassified category (since star glyph has no central region).
We superposed two polygons on the star glyph: a gray polygon
for serious+non-serious ADE rate and a red polygon for
serious ADE rate only. Contrary to the previously described
flower glyph, the star glyph is linear, i.e. the position of the
polygon’s vertices on the axes is proportional to the ADE rate.

To permit a better comparison, we devoted to each visual
analytics a screen surface that is roughly equivalent.

IV. RESULTS
We used as an example the trial entitled
“Randomized, Double-Blind, Placebo-Controlled Trial

Of Pregabalin In Patients With Fibromyalgia” (found in
ClinicalTrials.gov, NCTID: NCT00333866, available at
https://clinicaltrials.gov/ct2/show/study/NCT00333866). This
trial tests the use of pregabalin, an anti-epileptic drug
frequently prescribed for pain, for the treatment of pain
caused by fibromyalgia. Three doses of pregabalin are tested
in the trial (300mg, 450mg, 600mg), as well as a placebo.
There are thus four groups of patients to compare.

Figure 3, 4, 5 and 1 show the ADE rates for the four groups
of this trial, with vertical stacked bar chart, horizontal stacked
bar chart, star glyph and flower glyph, respectively. We can see
that the readability of the star glyph is limited. First, serious
ADE are almost invisible, due to their low rate. Second, high
rates surrounded by zero values are almost invisible (e.g. the
rate of digestive adverse events is high but difficult to see,
because the two contiguous categories, skin and reproduction,
have very low rates).

We added interactivity to the proposed visual analytics, in
two forms. First, we used the common ‘““details-on-demand”
method : additional details are displayed when the mouse
cursor is over a bar, a petal or an axis (depending on the
visual analytics). A pop-up label displays the name of the
ADE category selected, the rate of ADE in this category, the
most frequent ADE observed, the rate of serious ADE in the
category and the most observed serious ADE. Figure 6 shows
an example of details-on-demand.

Second, we added an option for selecting a patient group
in order to compare to the other. When activated, this option
draws the outline of the selected bar chart, flower glyph or
star glyph on top of the others. This outline is expected to
facilitate the fine comparison between the patient groups and
to help finding small difference. Figure 6 shows an example
of this option with flower glyphs.

V. USER OPINION

The four proposed visual analytics were presented to 8
persons in the field of medical informatics and/or computer

science. The study was performed online, using the Firefox or
Chrome web browser. The objective of the study was briefly
introduced, then each visualization technique was presented,
using Figure 4, 3, 1 and 5, in that order. A color key was also
provided. Finally, each participant was asked to rank the four
visual analytics, and to provide personal comments.

For each visualization technique, we computed a score,
obtained by giving 3 points when the technique was ranked
in the first position by a participant, 2 points when it was
ranked in the second position, 1 point when it was ranked
third, and O otherwise. We then computed the average scores.
The resulting scores are 2.0 for the flower glyph, 1.375 for
the horizontal stacked bar chart, 1.25 for the vertical one and
1.25 for the star glyph.

The analysis of participant comments reveals interesting
information. Persons preferring the star glyph justified their
choice by the fact that the surface of the star glyph gives an
immediate idea of the ADE rate, which is actually not the
case: star glyphs are not area- proportional. Thus, the star
glyph is misleading and may lead to wrong interpretation.
Persons preferring the horizontal bar chart appreciated the
textual labels that helped to identify the 13 ADE categories.
Persons preferring the flower glyphs mentioned their visual
attractiveness but also their ability to favor small values and
their area-proportionality. Finally, few arguments were given
in favor of the vertical bar chart, excepted the fact that they
are more commonly used than the horizontal one.

Table I summarizes the advantages and disadvantages of the
four visualization techniques. In particular, the readability of
star glyph is particularly poor in this application.

VI. DISCUSSION

In the literature, few works focused on the visualization
of trial results data, despite the fact that more and more such
data is available online on registries such as ClinicalTrials.gov.
A graph visualization of chemotherapy treatment regimens
was proposed by J. Warner et al. [18]. Maps, diagrams and
parallel coordinates were proposed by J. Sjobergh et al. for
the visualization of the data of a given patient participating in
a trial [19].

In the literature, flower glyphs are usually Ilength-
proportional. However, in this work, we have seen that area-
proportional flower glyph can be particularly interesting for
enhancing the difference between small values. Figure 8 shows
the same data as in Figure 1, but with flower glyph with
petal length being proportional to ADE rate (instead of petal
surface), thus being linear. Compared to Figure 1, we can
see that small values are much more difficult to identify. In
particular, in the glyph on the left for placebo, two petals
are huge (nervous and digestive systems, in gray and brown
respectively), while all other are very small. These small petals
may be difficult to read, but also to select for obtaining more
information with the detail-on-demand interactivity.
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Figure 3. Visualization of the ADE rates of four groups in a clinical trial, using vertical stacked bar charts.
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Figure 4. Visualization of the ADE rates of four groups in a clinical trial, using horizontal stacked bar charts with labels.
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Figure 5. Visualization of the ADE rates of four groups in a clinical trial, using star glyphs.
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Figure 6. Flower glyph showing details on demand when the mouse cursor
is over the blue petal.
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Figure 7. Flower glyph with the comparison option activated, showing the
outline of the first glyph on top of the second.

The visual attractiveness of flower glyphs, compared to
bar charts, might be explained as follows: in the bar charts,
bars are identified by their color and their position, while
in the flower glyphs, petals are identified by their color,
their position, but also their orientation. The addition of the
“orientation” visual variable may increase the associativity and
selectivity, facilitating the identification of a given petal, but
also the visual selection of similar petal across several glyphs
(e.g. the visual selection of the four petals for “respiratory sys-
tem” ADE in Figure 1). In addition, orientation may support
color-blind peoples: the human eye is able to distinguish 12
orientations (as in an analog clock), thus orientation without
color is sufficient for identifying the petals in the flower glyph.

We used a light pink color for the ‘“skin and subcuta-
neous tissue” ADE category. This choice is not culturally
independent, but possibly remains the easier for clinicians to
remember.

VII. CONCLUSION

In this paper, we designed four interactive visual analytics
for visualizing ADE rates during clinical trials. We compared

the associated subjective appreciations. We identified the ad-
vantages and disadvantages of each visualization technique.
To conclude, two techniques seem interesting: the horizontal
stacked bar chart, because it is well-known and it allows
displaying short textual labels for labeling the ADE categories,
and the flower glyph, because it gives more details on small
values. However, we expected that the final user will learn
to identify the ADE categories quickly, because there are not
numerous (13) and because of the easy-to-remember colors
(e.g. yellow for urinary system). As a consequence, the flower
glyph seems preferable in the long term. On the contrary, star
glyphs seem particularly misleading in our context, and should
be avoided.

The main perspective of this work is the integration of the
proposed visual analytics in a semantic web platform for drug
safety, able to search for clinical trials, to aggregate the results
of similar trials, and to display the aggregated ADE rates
visually [20]. Another perspective is the use of the proposed
area-proportional flower glyph in lieu of the usual length-
proportional flower glyphs, especially when small values are
important.
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