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In most people’s vocabularies, design means veneer. . . .
But to me . . . design is the fundamental soul of a human-
made creation that ends up expressing itself in successive
outer layers of the product or service.

—Steve Jobs

Machine learning (ML) and big data hold the potential to revolu-
tionize cardiovascular imaging.' In echocardiography, ML has been
used for image enhancement, view classification and guidance, cham-
ber quantification, and even diagnosis. With or without ML, big data
analytics can power increasingly scalable outcomes research and qual-
ity improvement.

Machine-learning performance is inextricably linked to the data it
is trained and tested on.'”” Furthermore, efficient and effective data
storage and organization can have significant benefits to hospital sys-
tems and patient care.” However, legacy echocardiography picture
archiving and communication systems (Echo-PACS) are not de-
signed to leverage clinical imaging and related metadata for big
data analytics. Historically, echocardiogram data design was consid-
ered only in as much as it supported day-to-day clinical operations.
With increased need to access echocardiographic data quickly and at
large scale across institutions, current data design falls unacceptably
short.

For example, despite conformance statements, metadata accom-
panying Digital Imaging and Communications in Medicine
(DICOM) imaging is not optimally standardized across manufac-
turers and lacks specific tags that would greatly aid data mining, cu-
ration, and preprocessing” (Figure 1). Image deidentification is
hampered by burned-in patient health information (PHD).
Measurements performed on ultrasound machines are not seam-
lessly interoperable with Echo-PACS across manufacturers, causing
measurements obtained on cart to frequently be lost.” Databases

for clinical measurements storage and query are inefficient,
outdated, and/or proprietary.

These obstacles make it challenging to perform clinical quality con-
trol and education, to mine and harmonize data for research, to con-
nect echocardiographic data to the rest of the electronic health
record, and to collaborate across institutions and with industry.’
Even large, well-resourced medical centers face these obstacles;
smaller health care entities are doubly affected and are therefore at
risk of being excluded from the big data revolution, at great cost to
the goal of inclusive, unbiased analytics.

A big data—enabled future for echocardiography requires redesign-
ing clinical data processing and storage at the level of ultrasound hard-
ware and software manufacturers to be inclusive of all health care
settings (Figure 1). This will need investment and cooperation across
institutions and with industry partners but will offer several benefits.
Redesigning ultrasound data will improve the cost-efficiency and
quality of patient care as well as lower the activation energy for
research. Ultimately, manufacturers who do not solve these problems
may become marginalized as users migrate to systems that provide
seamless big data functionality.

We ask our industry partners to further standardize DICOM meta-
data, address burned-in PHI, provide and support better database
tools, and offer software development kits for implementation
research using ML algorithms in the clinical workflow. Where manu-
facturers may already offer these capabilities, we ask them to help us
implement them at our institutions.

With a proliferation of cardiovascular ultrasound technologies
including three-dimensional imaging, intracardiac echocardiogra-
phy, and therapeutic ultrasound as well as platforms like point-of-
care ultrasound and cloud solutions, ultrasound data will only
become more complex. The time to update data design for echocar-
diography is now.

From the University of California, San Francisco, San Francisco, California (R.A.,
T.A.); Columbia University, New York, New York (R.T.H.); Massachusetts General
Hospital, Boston, Massachusetts (J.W.H.); Lurie Children’s Hospital, Chicago,
llinois (P.J.); Northwestern University Feinberg School of Medicine, Chicago,
lllinois (P.J., V.R.); Mayo Clinic, Phoenix, Arizona (S.J.L.); Houston Methodist
Hospital, Houston, Texas (S.H.L.); University of Washington, Seattle, Washington
(G.B.M.); National Heart, Lung, and Blood Institute, Bethesda, Maryland (V.S.);
New York University Langone Health, New York, New York (M.S.); Rutgers
University, Newark, New Jersey (P.P.S.); Beth Israel Deaconess Medical Center,
Boston, Massachusetts (J.B.S.); Dartmouth-Hitchcock Medical Center, Lebanon,
New Hampshire (C.C.T.); and University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania (R.T.).

800

Reprint requests: Rima Arnaout, MD, Department of Medicine, Division of
Cardiology, 521 Parnassus Avenue, Room 6222, San Francisco, California 94143
(E-mail: rima.arnaout@ucsf.edu).

Conflicts of Interest: P.P.S. is an advisor and owns stock options in RCE technol-
ogies and is an advisor at Echo 1Q. T.A. is the recipient of an institutional research
grant from Echonous. All other authors have no competing interests.
0894-7317/$36.00

Copyright 2023 by the American Society of Echocardiography.
https://doi.org/10.1016/j.echo.2023.04.016


mailto:rima.arnaout@ucsf.edu
https://doi.org/10.1016/j.echo.2023.04.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.echo.2023.04.016&domain=pdf

Journal of the American Society of Echocardiography Arnaout et al 801
Volume 36 Number 7

| soLuTIONS

Standardized DICOM metadata )

DICOM metadata are optimally utilized for

standard, large-scale mining and curation

aY#
&

Scalable Removal of Burned-in PHI [E=]

No more PHI and other text from pixel [
data, and/or offer tool for bulk removal L2

Seamless Data Mapping to PACS ccmmmm

Data mapping is complete and inter-
operable across any machine/EchoPACS = Ej

A0
Interoperable Workflows & )
Software development kits allow ML ;
O implementation and collaboration %&4....... @)

Figure 1 Improving speed, quality, and efficiency of echocardiographic data can improve big data research, testing, collaboration,
and patient care.
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