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ABSTRACT

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

he global pandemic caused by severe acute

respiratory syndrome-coronavirus-2 (SARS-

CoV-2) has forced health care providers to
find ways to deliver care to those ill with coronavirus
disease-2019 (COVID-19) while minimizing transmis-
sion to staff. Artificial intelligence (AI) has simplified
tasks that previously required advanced levels of hu-
man training, and Al-enabled tools are finding their
way into all aspects of clinical medicine. Here, we
present the use of a novel deep learning-derived

LEARNING OBJECTIVES

e To describe the use of novel deep learning-
derived technology that guides novice users
to acquire high-quality cardiac ultrasound
images at the bedside by using prescriptive
guidance.

e Todescribe real-world use of this technology
in the COVID-19 ICU and illustrate how it
affected decision making in patient care.

We present the novel use of a deep learning-derived technology trained on the skilled hand movements of cardiac
sonographers that guides novice users to acquire high-quality bedside cardiac ultrasound images. We illustrate its

use at the point of care through a series of patient encounters in the COVID-19 intensive care unit. (Level of
Difficulty: Beginner.) (J Am Coll Cardiol Case Rep 2021;3:258-63) © 2021 The Authors. Published by Elsevier on
behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

technology, Caption Guidance (Caption Health, Inc.,
San Francisco, California), which was deployed in
the COVID-19 intensive care unit (ICU) by critical
care physicians with clinical experience but no formal
training in ultrasound to obtain point-of-care ultra-
sound (POCUS) cardiac images, illustrated by a brief
discussion of a series of cases.

Caption Guidance was created by using more than
5,000,000 hand movements by cardiac sonographers
to train a convolutional neural network to understand
the impact of ultrasound probe movement and posi-
tion on image appearance. The final model contains
more than 7,500,000 parameters and was validated in
a 2-center 240-patient pivotal trial (1). It was granted
de novo authorization with breakthrough status by
the Food and Drug Administration in February 2020
(2). It provides real-time prescriptive guidance to
steer the user’s transducer position and hand move-
ments to acquire the desired cardiac ultrasound im-
age while displaying the current image quality and
automatically capturing the image when appropriate.

From the ®Division of Cardiology, Department of Medicine, Northwestern University Feinberg School of Medicine, Chicago,
Tllinois, USA; and the PDivision of Pulmonology, Department of Medicine, Northwestern University Feinberg School of Medicine,

Chicago, Illinois, USA.

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

visit the Author Center.

Manuscript received November 23, 2020; accepted December 4, 2020.

ISSN 2666-0849

https://doi.org/10.1016/j.jaccas.2020.12.013


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaccas.2020.12.013
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccas.2020.12.013&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

JACC: CASE REPORTS, VOL. 3, NO. 2, 2021
FEBRUARY 2021:258-63

It has the ability to automatically detect ejection
fraction (EF) independent of chamber volumes with
accuracy similar to that of the standard volume
dependent approach (3) (Figure 1).

Images from the Al-guided ultrasound machine
were uploaded to the picture archiving and commu-
nication system for cardiology attending overread.
We highlight the integration of the AI into the flow of
clinical care, describe key features of the technology,
and show how the data influenced decision making.
Reviewing these cases may suggest how this tech-
nology could be expanded to additional units within
the hospital utilizing POCUS, including the emer-
gency department, hospital wards, and perioperative
medicine, and potentially limit sonographer exposure
to patients with COVID-19. This technology may also
have a role outside the walls of the hospital, partic-
ularly in resource-limited settings where cardiac
sonographers are not readily available.

The first case is of a 65-year-old woman with a history
of rheumatic heart disease complicated by severe
mitral regurgitation with mitral valve replacement
with subsequent valve-in-valve transcatheter mitral
valve replacement, heart failure with preserved EF,
and pulmonary hypertension. She was admitted to
the COVID-19 ICU with acute hypoxemic and hyper-
capnic respiratory failure and clinical concern for
COVID-19 despite an initial negative polymerase
chain reaction assay. Her POCUS Al-guided cardiac
ultrasound scan demonstrated a severely dilated and
dysfunctional right ventricle (RV), new from a pre-
vious formal echocardiographic study, a hyper-
dynamic left ventricle (LV), the known mitral valve
prosthesis (Figure 2A), and a dilated inferior vena
cava (IVC) (Figure 2B). Progressive pulmonary hy-
pertension with subsequent right ventricular failure
was determined to be the primary insult as she
remained negative for SARS-CoV-2, and she
improved with heart failure management. Video 1
shows the apical 4-chamber view, and Video 2
shows the subcostal IVC view.

The second case is of a 76-year-old woman with late-
stage small cell lung cancer who was admitted to the
COVID-19 ICU with acute hypoxic respiratory failure
from suspected COVID-19 pneumonia. Bedside AI-
guided cardiac ultrasound generated parasternal
long-axis (Figure 3A), apical 4-chamber (Figure 3B),
subcostal 4-chamber (Figure 3C), and subcostal IVC
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views (Figure 3D), revealing normal right
ventricular function but new, severe left
ventricular dysfunction with a noncollapsible
IVC. An automated EF was estimated to be
27% by the deep learning-derived technol-
ogy. Video 3 shows the parasternal long-axis
view, and Video 4 shows the apical 4-
chamber view. Her SARS-CoV-2 testing
returned negative, and the treating clinicians
changed the treatment strategy to a regimen
for acute heart failure. Her condition wors-
ened, and she died after a transition to
comfort-focused care.

The third case is of a 72-year-old man with a

history of interstitial lung disease secondary

to asbestosis who was on home oxygen therapy. He
was admitted to the COVID-19 ICU for acute on
chronic respiratory failure as well as shock. Bedside
Al-enabled POCUS revealed preserved left ventricular
function, a dilated RV with severely reduced func-
tion, and a moderate pericardial effusion (Figure 4).
The subcostal 4-chamber view is shown in Video 5
and the apical 4-chamber view is shown in Video 6.
Subsequent right-sided heart catheterization showed
severe pulmonary hypertension with mean pulmo-
nary artery pressure of 47 mm Hg with a moderately
reduced cardiac index of 2.0 I/min/m?. Right-sided
heart catheterization a month earlier showed a
normal cardiac index. His SARS-CoV-2 test result was
negative, and he was started on dobutamine for
cardiogenic shock. He ultimately developed a
hospital-acquired infection and died of progressive
shock.

The fourth case is of a 72-year-old man with heart
failure with a recovered EF, atrial fibrillation, and
mild coronary artery disease. He had fevers, rigors,
and cough and was admitted to the COVID-19 ICU
with respiratory failure and shock from presumed
COVID-19. He received aggressive fluid resuscitation
and was initially on high doses of vasopressors and
broad-spectrum antibiotics without clinical improve-
ment. A bedside Al-guided cardiac ultrasound scan
revealed acute biventricular heart failure with apical
and midventricular akinesis, suggestive of severe
stress-induced cardiomyopathy (Figure 5). Para-
sternal long-axis (Video 7) and apical 4-chamber
(Video 8) views are provided. His full infectious
work-up returned negative results, including

ABBREVIATIONS
AND ACRONYMS

Al = artificial intelligence

COVID-19 = coronavirus
disease-2019

ECMO = extracorporeal
membrane oxygenation

EF = ejection fraction
ICU = intensive care unit
IVC = inferior vena cava
LV = left ventricle

POCUS = point-of-care
ultrasound

RV = right ventricle
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SARS-CoV-2 = severe acute
respiratory syndrome-
coronavirus-2
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FIGURE 1 The Caption Guidance Technology Interface (Caption Health, Inc., San Francisco, California)

Depth

Q@ 5cm O Save Best Clip: 76% O 0 ©

Go to All Views ->

Slide down slowly

COLOR
Parasternal Long-Axis

AutoEF % 10f10 - Next: PSAX-AV
2 views recommended

CALCULATE*

Gain

End Exam

Annotated comments in pink highlight the key features of the technology, including the dynamic guidance, the quality meter, and autocapture feature, as well as the
automated ejection fraction measurement (AutoEF).

FIGURE 2 A 65-Year-Old Woman With Acute Hypoxemic Respiratory Failure, Secondary to Right Ventricular Failure From Progressive
Pulmonary Hypertension
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Bedside cardiac point-of-care ultrasound revealed (A) a severely dilated and dysfunctional right ventricle (RV), new from previous imaging, a
hyperdynamic left ventricle (LV), a mitral valve prosthesis placed by transcatheter mitral valve replacement (TMVR), and (B) a dilated inferior
vena cava (IVC).
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FIGURE 3 A 76-Year-Old Woman With Acute Hypoxemic Respiratory Failure From Acute Left Ventricular Failure

Bedside artificial intelligence-guided cardiac ultrasound revealed new severe left ventricular dysfunction (automated ejection fraction esti-
mated to be 27%) and normal right ventricular function with a noncollapsible inferior vena cava. (A) Parasternal long-axis, (B) apical
4-chamber, (C) subcostal 4-chamber, and (D) subcostal inferior vena cava views are provided.

FIGURE 4 A 72-Year-Old Man With Acute Hypoxemic Respiratory Failure and Progressive Shock From Acute Right Ventricular Failure
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Artificial intelligence-enabled point-of-care ultrasound showed severe right ventricular (RV) dysfunction, normal left ventricular (LV) func-
tion, and a moderate circumferential pericardial effusion in the (left) apical 4-chamber and (right) subcostal 4-chamber views.
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FIGURE 5 A 72-Year-Old Man With Acute Respiratory Failure and Shock From Biventricular Stress Cardiomyopathy

Contraction only in
basal 25% of LV and
RV

Bedside cardiac ultrasound showed severely reduced biventricular function with contraction only in basal 25% of the left ventricle (LV) and
right ventricle (RV) (arrows).

FIGURE 6 A 52-Year-Old Man With Multisystem Organ Failure and Shock From COVID-19 Who Was Undergoing Venovenous
Extracorporeal Membrane Oxygenation Support

Artificial intelligence-guided bedside cardiac ultrasound prompted by sudden hemodynamic collapse showed (A to C) a severely dilated and
dysfunctional right ventricle with a hyperdynamic left ventricle, as well as (D) a dilated, non-collapsible inferior vena cava, resulting in an
urgent upgrade to venoarterial extracorporeal membrane oxygenation support.
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SARS-CoV-2 testing. His respiratory failure and shock
state improved with diuresis and inotropic support
from predominantly noncatecholamine vasopressors.

CASE S

The fifth case is of a 52-year-old man with COVID-19-
related severe acute respiratory distress syndrome
requiring venovenous extracorporeal membrane
oxygenation (ECMO). He was transferred to our
institution for lung transplant evaluation. Sudden
hemodynamic deterioration prompted an Al-guided
bedside cardiac ultrasound, which showed a
severely dilated and dysfunctional RV with a hyper-
dynamic LV (Figures 6A to 6C), as well as a dilated,
noncollapsible IVC (Figure 6D). A parasternal short-
axis view showing flattening of the intraventricular
septum is depicted in Video 9, and right ventricular
dilation and dysfunction are highlighted in a sub-
costal 4-chamber view in Video 10. He was urgently
converted to venoarterial ECMO and was supported
on ECMO for 5 days. He was successfully converted
back to venovenous ECMO but was unable to be
weaned from it. His condition deteriorated after a
massive intraparenchymal hemorrhage, and he
eventually died.

CONCLUSIONS

We have highlighted the use of a novel deep learning-
derived technology that guides novice ultrasound
users to acquire high-quality cardiac ultrasound im-
agesat the point of care through prescriptive guidance.
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This guidance is delivered using insights gained from
training a convolutional neural network on millions of
observations of the skilled movement of cardiac
sonographers while completing thousands of studies.
We show how its use at the bedside can affect decision
making and patient care. Our discussion showcases the
use of Al in medicine, which can simplify tasks that
traditionally required highly trained individuals to
complete. As our knowledge of AI algorithms in-
creases, we will undoubtedly see more and more of
their use in clinical practice.
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