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care ultrasound (POCUS) in the evaluation of patients with

coronavirus disease 2019 (COVID-19), as well as propose a
framework of POCUS research topics germane to the clinical
management of patients with COVID-19.

As of June 1, 2020, the COVID-19 pandemic has infected
more than 6 million people worldwide and nearly 2 million Ameri-
cans. In cities such as New York City and New Orleans, the pan-
demic has overwhelmed health care resources, including human

In this commentary, we will discuss the advantages of point-of-

resources, and equipment such as ventilators and personal protec-
tive equipment." To conserve resources and reduce the risk of
coronavirus transmission, guidelines such as those from the Amer-
ican College of Emergency Physicians recommend judicious test-
ing in the evaluation and management of patients with suspected
or confirmed COVID-19.% In addition, the American College of
Radiology has recommended that routine chest radiography and
computed tomography (CT) be limited to those patients with
COVID-19 for whom imaging findings are likely to change
ma.nagement.3

These concerns for the need to reduce health care-associated
transmission as well as to conserve resources highlight several
advantages of POCUS. First, POCUS systems are highly portable
in cart-based or handheld configurations compared to traditional
imaging, allowing practitioners timely and convenient access to
dynamic, cross-sectional imaging. This portability is particularly
relevant for patients whose clinical status is too tenuous for trans-
port to radiology as well as in resource-scarce health care settings.
The relatively small size allows for rapid disinfection of POCUS
machines compared to CT rooms, which may take longer than an
hour to disinfect.* Second, as we will discuss, substantial literature
establishes the high accuracy of POCUS to diagnose COVID-
related pulmonary and cardiac complications with sensitivities and
specificities comparable to CT. This is particularly convenient, as
many medical specialties on the frontline of the COVID-19
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pandemic, such as emergency medicine and critical
care, already have established POCUS training, expe-
rience, and expertise. Both specialties offer sub-
specialty training, board certification in advanced
POCUS, or both.?

Before we discuss imperative research questions
for POCUS in COVID-19, we should emphasize a
few points regarding existing COVID-19 POCUS
research. First, there is a critique that there is no evi-
dence to support POCUS in COVID-19 manage-
ment. This is due to the fact that there have been no
large-scale studies as of yet. This critique, if applied to
other interventions, would have halted studies of any
clinical trials, including the multiple studies on hydro-
xychloroquine.® Second, whereas there is a strong lit-
erature base in lung and cardiac ultrasound (US),
most of these studies are diagnostic accuracy studies
usually comparing POCUS to chest radiography.
Studies that involve patients with COVID-19 need to
progress beyond diagnostic accuracy and, rather,
involve clinical integration and appropriate out-
comes. To achieve this, two major questions need to
be raised when planning a POCUS study involving
patients with COVID-19:

First, is the POCUS integration appropriate to
show value beyond standard care, and are measured
outcomes achievable? For example, Chen et al’
showed that serially performed POCUS examinations
on daily intensive care unit (ICU) rounds reduced
the duration of mechanical ventilation and ICU days.
This is a reasonable use of POCUS, since fluid bal-
ance and administration are daily questions posed on
ICU rounds. Information from lung and inferior vena
cava US can add value to clinical and laboratory
parameters in guiding fluid management. This is in
contrast to similar ICU-based studies that show no
change in outcomes, such as the study by Mosier
et al® or the Sonography in Hypotension and Cardiac
Arrest in the Emergency Department trial,” which
had POCUS protocols that were grossly inadequate
for the outcomes measured. In the study by Mosier
et al® a POCUS examination was performed once,
not serially, either before a heterogeneously defined
set of interventions or after. Similarly, in the Sonogra-
phy in Hypotension and Cardiac Arrest in the Emer-
gency Department trial, most of the patients had
severe sepsis or septic shock, yet patients were ran-
domized to a single POCUS study versus the
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standard of care.” A plausible interpretation of the
evidence is that, to show a benefit in critically ill
patients, serial POCUS examinations need to be used
to assess for the effect of an intervention (ie, fluid
bolus).

The second question is whether the outcome is
appropriate for the POCUS intervention being stud-
ied. In the above-mentioned trials, mortality was
selected. Although a powerful outcome, this is usually
inappropriate when assessing an imaging or monitor-
ing modality. These patients are critically ill and
unlikely to benefit solely from imaging but, rather,
the selection of appropriate management based on
the imaging findings. Outcomes should be proximally
related to the POCUS examination, such as whether
a fluid-responsive state on the POCUS examination
leads to fluid administration. For example, Shokoohi
et al'® found that in patients presenting with
undifferentiated hypotension, POCUS reduced physi-
cian diagnostic uncertainty in 30% of patients and
increased the proportion of a definitive diagnosis
from less than 1% to 12%, leading to a change of
therapy in 24% of patients. The mortality outcomes
that follow depend less on the POCUS examination
and more on associated interventions, patient com-
orbidities, the severity of disease, and a multitude of
other factors. Although subtle and intuitive, it is
important to underscore that any monitoring system
including POCUS by itself cannot yield improvement
in patient-centered outcomes, but rather, it is the clin-
ical interventions providers perform based on the
monitoring system that yield benefit.

In addition, providers must be ready to take
actions appropriate to POCUS findings before out-
comes can be studied. The Kirkpatrick model of eval-
uation may be applied to assess POCUS clinical
integration, with the lowest tiers focusing on learning
and ensuring that all clinicians participating in the
study are appropriately trained.'' Higher tiers focus
on the impact of POCUS on clinician behavior,
followed by an impact on clinical outcomes. Many
POCUS studies essentially leapfrog these initial tiers
to assess clinical outcomes before ensuring that the
necessary building blocks are in place. For example,
Holmes et al'> showed that POCUS had no effect on
CT use or mortality in stable pediatric patients pre-
senting with blunt trauma. The proximal outcome of
clinical suspicion of intra-abdominal injury after
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negative focused assessment with sonography for
trauma (FAST) results was reduced to 1% or less in
173 patients. However, 28% in this subgroup still
received a CT scan, none of which revealed any
injury. If these patients with 1% or less clinical suspi-
cion of intra-abdominal injury after a FAST exam had
their CT scans deferred, the CT use rate would have
been 14% lower than in the non-FAST arm. This
would have been a statistically and clinically signifi-
cant difference, given the reduction in radiation to
the pediatric study population. Although further dis-
cussion on the factors associated with CT scanning of
a low-risk group as well as the inadequate sensitivity
of FAST in ruling out intra-abdominal injury is
beyond the scope of this commentary, future POCUS
studies should target proximal outcomes along with
potential barriers to a behavioral change. Once
POCUS studies show a clear and consistent behav-
ioral change, the focus may then be shifted to clinical
outcomes such as the mechanical ventilation duration
and length of stay.

With this framework in mind, we have identified
the following key topics for imminent POCUS
research during the COVID-19 pandemic:

Prognostication of Patients With COVID-19
Discharged From the Emergency
Department

Current guidelines at many emergency departments
recommend discharge of patients without tachypnea,
increased work of breathing, and hypoxia. Portable
chest radiography is often performed with typical find-
ings of peripheral, multifocal, hazy, or reticulonodular
densities."”” Despite these findings, many of these
patients will recover at home, with anecdotal reports
that some worsen. Point-of-care US may better charac-
terize these findings by the presence of subpleural con-
solidations or effusions, the degree of B-lines seen, as
well as the presence of alveolar consolidation.'* Point-
of-care US may also describe findings associated with a
higher likelihood of clinical decompensation that would
necessitate closer follow-up or even admission. In addi-
tion, research may evaluate the relative diagnostic accu-
racy and technical ease of several protocols, including
the bedside lung ultrasound evaluation,” the 8 lung
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zones of Volpicelli et al,'® and the 14-point protocol of
Soldati et al."*

Prognostication of Admitted Patients

Roughly 80% of patients admitted with COVID-19
do not require intensive care and are discharged when
they clinically improve.'” However, care of these
patients is typically reactive, as laboratory and radio-
graphic abnormalities are obtained usually at the time
of decompensation, with limited utility before devel-
opment of frank clinical signs. There is no convenient
prognostication tool that clinicians can use to predict
the common pulmonary and cardiac complications
described below. Based on prior work, serial POCUS
adapted for COVID-19 may be able to identify these
complications earlier than traditional assessments.

Development and Management of Acute
Respiratory Distress Syndrome

Several studies have shown that lung US has greater
than 90% sensitivity and specificity for acute respira-
tory distress syndrome (ARDS), which roughly 50%
of patients admitted with COVID-19 develop.'®*°
Serial POCUS may help identify which patients are
worsening before overt clinical decompensation by an
increase in involved lung zones, B-lines, or alveolar
consolidation. Once these patients are identified, they
may be upgraded to a higher level of care for close
monitoring and timely required interventions. In
addition, if a concerning trend is shown on a POCUS
examination, this may affect decisions as to the timing
of intubation as well as implementation of lung-pro-
tective strategies.21

With COVID-associated ARDS, there is growing
concern for severe atelectasis, particularly in the basi-
lar and posterior lung segments. Therefore, many
providers believe that COVID-19 hypoxemia is espe-
cially responsive to positive end-expiratory pressure
and prone positioning. However, increasing levels of
positive end-expiratory pressure and prone position-
ing are not without risk and should be performed
with more evidence than simply hypoxemia. With
POCUS, derecruited lung zones are seen as alveolar
consolidation with US signs of hepatization of the
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lung and air or fluid bronchograms.*” Research may
define the areas involved, so that selective measures
may be instituted that preferentially recruit those
affected lung zones.” In addition, dynamic US assess-
ments such as diaphragmatic excursion may help bet-
ter characterize the work of breathing and readiness
for extubation.”* A POCUS-guided alveolar recruit-
ment strategy may be compared to current prone
positioning, as delineated by the Prone Positioning in
Severe Acute Respiratory Distress trial.>®

Development of Cardiac Injury

Cardiac complications are common in critically ill
patients with COVID-19, occurring in roughly 20% of
this cohort.”® These complications include viral myocar-
ditis, myocardial infarction, pericardial effusions, and
right ventricular dysfunction either as a result of pulmo-
nary embolism or worsening pulmonary vasoconstric-
tion due to hypoxia. However, similar to the current
reactive practice of ARDS detection and management,
these cardiac complications are usually diagnosed and
treated after clinical deterioration. The serial use of
POCUS has the potential to detect these cardiac com-
plications earlier, which would allow for preemptive
interventions to prevent complications such as cardio-
renal syndrome, shock liver, and right ventricular fail-
ure. For example, a decline in left ventricular systolic
dysfunction detected by serial POCUS may alert clini-
cal teams to involve a cardiology consultation earlier, as
well as to initiate inotropic support, before the develop-
ment of hypotension, end-organ failure, or increases in
shock indices. There is robust POCUS literature to sup-
port assessments of left ventricular systolic dysfunc-
tion,>”*® right ventricular dysfunction,29 as well as the
presence of pericardial effusion and associated tamp-
onade.*® On the basis of this literature base, the Ameri-
can Society of Echocardiography recently released a
statement in support of POCUS use in the manage-
ment of patients with COVID-19.>!

In addition, there are recent reports of the develop-
ment of a hypercoagulable state and associated venous
thromboembolism in up to 30% of severely ill patients
with COVID-19. Patients with COVID-19 who
develop pulmonary embolism in the context of ARDS
and consequent pathophysiologic right-to-left shunts
often have a very poor prognosis. Therefore, outcomes
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such as mortality will likely not differ with the use of
POCUS. However, surveillance POCUS to identify the
development of a right ventricular pressure or volume
overload and the presence of deep venous thrombosis
will expedite this diagnosis. Furthermore, POCUS will
allow clinicians to further risk stratify a patient who is
too tenuous for transport to radiology in the diagnosis
of pulmonary embolism and allow for empiric manage-
ment with anticoagulation or thrombolysis. The use of
POCUS can also lead to alternative diagnoses that ren-
der pulmonary embolism unlikely, allowing for a sub-
stantial reduction in CT use and leading to decreased
COVID-19 exposure to radiology staff as well as
decreases in the CT turnaround time for other
patients.33

L and H Subtypes of COVID-19

Although lung findings in patients with COVID-19
are nonspecific and seen in other disease processes,
Gattinoni et al** recently hypothesized the presence
of two distinct phenotypes in COVID-19 pneumonia:
one characterized by a low-elastance/high-compliance
state (type L) and the other characterized by a high-
elastance/low-compliance state (type H). Hypoxemia
in type L is primarily due to loss or impaired hypoxic
pulmonary vasoconstriction, whereas in type H, lung
characteristics are typical of severe ARDS, in which
there is a high degree of pulmonary edema and alveo-
lar consolidation. Lung POCUS may help differenti-
ate these phenotypes with a higher degree of B-lines
and alveolar consolidation seen in type H than type
L. In addition, since normal pulmonary artery pres-
sures are typically seen in type L, the inferior vena
cava will show normal respirophasic changes as
opposed to the dilated and plethoric inferior vena
cava in type H. In more challenging cases, spectral
Doppler US may be used to assess for elevated pul-
monary artery pressures and relatively normal left
atrial pressures to characterize type H.

Conclusions
With concerns about infection control as well as the lim-

itations of current assessments, we will see that POCUS
will become integral in the management of COVID-19,
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particularly for early identification and prognostication
of cardiac and pulmonary complications.

In The Fellowship of the Ring, J. R. R. Tolkien®
wrote: “I wish it need not have happened in my
time,” said Frodo. ‘So do 1, said Gandalf, ‘and so do
all who live to see such times. But that is not for
them to decide. All we have to decide is what to do
with the time that is given us.” In much the same
way, COVID-19 presents POCUS practitioners and
researchers a unique opportunity to advance the study
and integration of clinical US that will ultimately
change the practice of bedside medicine.
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