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English Abstract—We present ParcoursVis, a Progressive Visual Analytics tool designed to explore Electronic Health Record
sequences of patients at scale. Existing tools process and aggregate the whole dataset upfront before showing the visualization,
taking a time proportional to the data size. Therefore, to remain interactive, existing tools are limited to data sizes that can be
processed in under a few seconds to meet the latency constraints of human attention. To overcome this limitation and scale to
larger sizes, ParcoursVis relies on a progressive algorithm that quickly shows an approximate initial result of the aggregation,
visualized as an Icicle tree, and improves it iteratively, updating the visualization until the whole computation is done. With its
architecture, ParcoursVis remains interactive while visualizing the sequences of tens of millions of patients, each described
with thousands of events; three orders of magnitude more than similar systems. Managing large datasets allows for exploring
rare medical conditions or unexpected patient pathways, contributing to improving treatments. We describe the algorithms we
use and our evaluation concerning their scalability, convergence, and stability. We also report on a set of guidelines to support
visualization designers in developing scalable progressive systems. ParcoursVis already allows practitioners to perform analyses
on two real large medical datasets. Our prototype is open-source.
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1 PARCOURVIS

As datasets continue to increase in size and com-
plexity, traditional visualization techniques struggle
to maintain interactivity and responsiveness, thereby
hindering effective exploratory data analysis. Ad-
dressing the scalability challenge necessitates progress
in algorithmic implementations and the development
of optimized data structures within visualization sys-
tems, but more importantly, a change in programming
paradigm, using progressive visual analytics (PVA)
to decouple data size and algorithm complexity from
latency [2].

The scalability challenge is particularly acute in
healthcare, where Electronic Health Records (EHRs)
contain vast amounts of patient information. For in-
stance, the French National Health Database [7] holds
decades of health data on citizens, encompassing
records of drug purchases, medical diagnoses, and
hospital treatments. Such data have the potential to
advance healthcare by enabling a better understand-
ing of treatment practices and patient outcomes. As
an example, by reconstructing and visualizing tem-
poral event sequences from drug purchase records,
the examination of patients’ treatment journeys over
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time is facilitated. This approach aligns with the goal
of medical professionals to assess whether patients’
treatments adhere to national guidelines and, if devi-
ations occur, to understand the reasons. This is key
to providing patients with the highest quality of care
through evidence-based and safe recommendations.
Yet, the volume of such datasets necessitates inno-
vative visualization approaches capable of handling
large-scale medical data while preserving analytical
efficiency and usability. In this context, we developed
ParcoursVis, a PVA tool created in collaboration with
medical institutions to visualize patient care pathways
derived from EHRs.

Existing work has laid a foundation for similar visu-
alization tools aimed at healthcare analysis (e.g., [1],
[4], [6]). For instance, EventFlow [5] aggregates event
sequences into a prefix tree and visualizes them as an
Icicle Tree; a visualization that has proven effective in
identifying optimal drug usage patterns. We, there-
fore, build on the EventFlow visualization technique
for ParcoursVis, along with several improvements.

However, tools like EventFlow have generally been
applied to relatively small datasets, sometimes en-
compassing fewer than 100 patients. According to
our experiments, EventFlow is limited to about 20k
patients. While such tools have offered valuable ini-
tial insights, they fall short in scalability, which has
been reported as a main challenge for EHR visual-
ization [10]. In practice, regional and national EHR
databases present data at a far greater scale, often
involving millions of patients. To our knowledge, no
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existing tool enables the management and interactive
analysis of EHR datasets exceeding 100k event se-
quences [12], [11], [5], [10], which limits the scope
of exploration. This constraint impedes the ability to
gain a more comprehensive view of patient pathways,
identify patterns and trends that may not be visible
in smaller or sampled datasets, and discover rare pat-
terns and outliers. With ParcoursVis, we allow visu-
alizing temporal event sequences of more than 100M
patients, potentially supporting the largest EHRs.

Large-scale interactive data processing poses sig-
nificant challenges, particularly in terms of response
times. To accommodate the need for a responsive
system that supports health analysts in conducting
explorations on large-scale EHR data, we rely on a
Progressive Visual Analytics architecture [8], [2]. Our
progressive approach provides a quick, approximate,
yet useful preview of the data early on to maintain
user attention within human latency limits and quick
updates converging within seconds. Indeed, results
from research in visualization show that user attention
declines after 500 ms, and after five to ten seconds,
users tend to abandon tasks or lose focus [13], [3].
After the initial preview, our algorithm continues pro-
cessing the dataset, updating the visualization every
second or so until it is fully processed.

Yet, the progressive updates of the aggregated tree
can cause visual instability, as the nodes are laid out
at each update. The shifting of nodes can disrupt
the viewer’s mental map and create distracting visual
flickers. Therefore, our approach may have an impact
on the usability of the tool. To mitigate this issue, we
introduce a sorting with hysteresis algorithm that limits
this flicker during the progressive rendering.

According to the survey of Ulmer et al. [9], we
describe the first progressive tree visualization algo-
rithm. We outline its specific issues related to stability
and uncertainty.

ParcoursVis improves the scalability of aggregated
EHR event sequence visualization by at least three
orders of magnitude compared to state-of-the-art
systems. Its source code and evaluation scripts are
available at https://gitlab.inria.fr/aviz/parcoursvis/.

2 REsSULTS

Comparison with existing systems We tried the
EventFlow [5] program with a subset of our dataset
containing 10k, 20k, and 50k synthetic patients, com-
paring it to ParcoursVis. EventFlow struggles with
datasets greater than 10K patients, showing delays
up to 40s for loading times (for 50K patients) and
up to 410s for visualization; showing back or merg-
ing events take longer than 10s, and memory usage
increases significantly (13GB for 10k, 28GB for 50k).
ParcoursVis supports datasets 100-1,000 times larger
within a 2-second latency, even for 20M patients.
Scalability We evaluated the scalability of our al-
gorithm by processing a synthetic dataset of 10M

patients, measuring computation times for both pro-
gressive and non-progressive environments. Using up
to six threads, we achieved processing speeds from
2.67M patients per second (single thread) to 13M pa-
tients per second (six threads). The results show that
computation time is linear with respect to the number
of low-level events and inversely proportional to the
number of threads. Tree merge time is negligible, and
the algorithm scales efficiently with increasing chunk
sizes! and threads.

Stability We evaluated the stability and conver-
gence of two sorting algorithms: Hysteresis Sort and
regular sort (RSort), used in ParcoursVis for visual-
izing aggregated trees. Hysteresis Sort, with a small
inertia, prevents visual instability by maintaining
node order when frequencies are close. Our results
show that Hysteresis Sort stabilizes nodes faster than
RSort, particularly for deeper tree levels. The stability
of nodes is influenced by the minimum node size
and chunk size, with larger nodes stabilizing sooner.
Hysteresis Sort improves stability, especially for low-
frequency nodes, compared to RSort.

Usability We provided ParcoursVis to referring
doctors to explore a non-cancerous prostate adenoma
dataset. We received positive feedback. We also used
ParcourVis for visualizing patient pathways in the 16
Public Emergency Departments (EDs) in Paris. We
interviewed, in an ongoing usability study, four pro-
fessionals interested in analyzing patients” pathways
(an emergency physician highly motivated to find
more effective organizational approaches, a computer
scientist aiming at achieving high-fidelity simulation
of patients’” flow in EDs, and two clinical researchers
working on EDs data). None of our participants
mentioned any latency issues, not even performance
issues. They were able to focus on their professional
questions.

3 CONCLUSION

We presented ParcoursVis, a PVA tool we designed
to explore patients’ care pathways at scale. Regarding
our results on scalability, stability, and usability, Par-
coursVis can be used effectively to explore patients’
treatments and conditions aggregated at the scale of
the largest countries to improve public health based
on data. Each new study requires new features, and
we are planning to extend ParcoursVis to make it
more generic and applicable to new use cases without
programming. We also plan to support datasets up-
dated continuously. By providing our system in open-
source, we want to push this research field to a wider
audience relying on PVA to provide scalability and
improve public health.

1. In a progressive paradigm, data is processed chunk by chunk
compared to treating the whole dataset at once.
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