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, Abstract—Background: Patients with coronavirus dis-
ease 2019 (COVID-19) present with diagnostic challenges
because COVID-19 can cause varied end-organ failures
that mimic respiratory distress of pulmonary origin. Early
identification of concurrent complications can significantly
alter patient management and course. Point-of-care ultra-
sound (POCUS) can be particularly useful in helping to
differentiate concomitant complications with COVID-19.
While lung POCUS findings related to COVID-19 have
been published, little guidance exists on how ultrasound
can be incorporated into a more comprehensive evaluation
of patients under investigation for COVID-19. Objectives:
We devised a pathway called COVUS that incorporates PO-
CUS into the initial evaluation of patients under investiga-
tion for COVID-19 to guide diagnosis and management.
Discussion: The pathway was derived based on a review of
literature, consensus from the ultrasound faculty, as well
as feedback from the entire faculty group at one academic
institution with high volumes of patients with COVID-19.
The scanning protocol uses a cardiac-first (rather than
lung-first) approach to identify potential concomitant organ
failure that may immediately alter management. Conclu-
sions: COVUS aims to maximize identification of the most
immediately life-threatening complications while mini-
mizing time at bedside and provider risk of exposure to
COVID-19. ! 2021 Elsevier Inc. All rights reserved.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), or coronavirus disease 2019 (COVID-19), pre-
sents with clinical heterogeneity (1–3). While
respiratory failure caused by lung injury from COVID-
19 continues to be the primary clinical complication,
other end-organ failures, such as myocardial injury lead-
ing to cardiomyopathy, vascular injury leading to deep
venous thrombosis or pulmonary emboli, and exacerba-
tions of existing conditions, are also common complica-
tions associated with the disease (1,4,5). Patients with
cardiac manifestations and thromboembolic events suffer
greater morbidity and mortality than those with isolated
pulmonary findings (1,6,7). However, these extrapulmo-
nary complications can present with tachycardia and hyp-
oxia, making it challenging to differentiate from
respiratory failure (2). Early identification of concurrent
complications can significantly alter patient management
and clinical course (7,8). Point-of-care ultrasound (PO-
CUS) can be particularly useful in these circumstances
in helping to differentiate or identify concomitant com-
plications in patients with COVID-19. While lung ultra-
sound findings in patients with COVID-19 have been
published, there exists little guidance regarding how ul-
trasound can be incorporated into a more comprehensive
evaluation of patients under investigation for COVID-19
(9–13). The aim of this novel suggested protocol, called
COVUS, is to describe a simple, tailored POCUSReprints are not available from the authors.
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pathway for rapidly evaluating organ dysfunction that
may change emergent management in persons with
suspected COVID-19. The protocol name, COVUS, orig-
inated from a combination of COVID and POCUS. This
protocol was developed through an iterative process in
situ by the ultrasound faculty at an academic emergency
department (ED) with high case volumes of COVID-19 in
one of the first global epicenters of the pandemic. The
protocol intends to assess for severe cardiopulmonary
manifestations of COVID-19 while minimizing provider
exposure risk.

DISCUSSION

The COVUS protocol guides clinicians in performing a
POCUS examination in patients under investigation
(PUIs) for COVID-19 by using a sequence of binary ques-
tions to rapidly risk stratify and direct interventions. By
protocolizing POCUS in these patients, clinicians can
perform an expeditious POCUS examination and mini-
mize their exposure to PUIs.

Derivation and Rationale

As COVID-19 ravaged populations worldwide, New
York City became one of the first epicenters (14). As of
July 2020, New York City had >200,000 patients with
COVID-19 and > 18,000 people had died because of
COVID-19 (15). Approximately 14% of the total patients
with COVID-19 in New York City were treated at
Columbia University Medical Center. The virus not
only affected our patient population, but also had a signif-
icant impact on health care workers (14). One recent
study found that >33% of health care providers who
received testing in a large New York City health care sys-
tem tested positive for COVID-19 (14). We now also
know that greater viral load is associated with greater dis-
ease severity (16).

Patients with COVID-19 commonly exhibit a range of
symptoms, including cough, dyspnea, chest pain, fatigue,
or respiratory distress (2). The initial management of
these patients centers around stabilization of the patients’
respiratory status. Concomitant cardiac complications
cannot be differentiated by physical examination alone,
because they can masquerade as respiratory distress and
failure. However, these unidentified cardiac complica-
tions can have significant implications for management
(8). Studies from Europe and Asia have shown that
>33% of patients with COVID-19 have cardiac complica-
tions and suffer from greater morbidity and mortality
(4,6,7). In addition, multiple emerging studies have re-
vealed that cardiac involvement may be far more com-
mon than previously thought (17,18). Fortunately,

earlier diagnosis and timely management may help
reduce future morbidity and mortality (4,6,8).

Our Ultrasound Division developed this pathway to
help guide triage of patients suspected of having
COVID-19. We have 19 ultrasound faculty, which make
up >15% of the entire ED faculty population. POCUS
has been well established to improve morbidity and mor-
tality in clinical uncertainty, especially in patients with
undifferentiated dyspnea or shock (19). COVUS draws
from previously established protocols and aims to pro-
vide a targeted comprehensive cardiopulmonary picture
to guide resuscitation of PUIs for COVID-19, while
simultaneously minimizing time at bedside to decrease
possible viral exposure to the provider.

The pathway was derived based on existing evidence
in the published literature as well as clinical experience.
We developed this protocol partly in response to the over-
whelming concentration of lung POCUS in COVID-19
literature. We focused on organ systems that could
make the biggest difference in emergent management.
As such, we had initially discussed only incorporating
cardiac POCUS into the clinical evaluation of PUIs to
minimize exposure as the pulmonary findings are rela-
tively stereotyped (9,11,12). However, we havewitnessed
2 of our PUIs for COVID-19 with other pulmonary com-
plications, such as pneumothorax and empyema. These
pathologies can be easily and rapidly diagnosed by PO-
CUS with minimal additional exposure to the provider,
and therefore lung POCUS was included in the COVUS
pathway to assess pulmonary complications, to establish
a baseline for inpatient teams, as well as to provide amore
comprehensive evaluation of PUIs. However, we felt that
a cardiac-first approach was more critical than the lung
POCUS examination alone because it has the potential
to provide more timely information regarding underlying
concomitant pathologies that require more emergent
intervention.

We presented our pathway during an online depart-
mental meeting and circulated the pathway through our
departmental email. The Emergency Ultrasound Division
was available to answer any questions about the pathway
throughout the pandemic.

Scanning Protocol

COVUS is appropriate when clinicians are concerned for
concurrent organ injury in patients who present with
COVID-19–like symptoms (Figure 1). Because of the
personal risk of COVID-19 exposure while scanning,
we left the inclusion criteria for performing COVUS to
the discretion of the treating clinician. In COVUS, an
initial cardiac POCUS is performed to evaluate for any
emergent or urgent treatable causes. COVUS includes
the 4 standard cardiac windows as well as the inferior
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vena cava (IVC) for the cardiac assessment: parasternal
long axis view, parasternal short axis view, apical-4
chamber view, subxiphoid view, and longitudinal view
of the IVC. The COVUS pathway uses only 1 transducer,
the phased array transducer, for the entirety of the study to
minimize materials exposure and for ease of postscan
disinfection of the device (20,21).

The cardiac POCUS evaluates for gross and urgent
abnormalities by focusing on the 5 Es of emergency
physician–performed focused cardiac ultrasound as pro-

posed by Kennedy Hall et al. (22). For expeditious eval-
uation, we advocate for a qualitative visual estimate of
each parameter. This protocol evaluates for ejection
(left ventricular systolic and diastolic dysfunction),
equality (right ventricular size and function), effusion
(pericardial effusion, with or without tamponade physi-
ology), exit (aortic root diameter), and entrance (IVC
collapsibility) (22). Probable cardiac complications
found in patients with COVID-19 can be found in
Table 1.

Figure 1. COVUS pathway for the diagnosis and management of PUI for COVID-19. ED = emergency department; IVC = inferior
vena cava; LV = left ventricle; RV = right ventricle; PE = pulmonary embolism; PUI = patients under investigation; BP = blood pres-
sure; POCUS = point-of-care ultrasound.
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If there is any evidence of acute cardiac pathology, cli-
nicians are encouraged tomanage the patient accordingly,
which may include additional imaging, such as computed
tomography, consultation with other subspecialty ser-
vices, and admission to a higher level of care for closer
inpatient monitoring (4,6,7). The flow chart in Figure 1
shows the relative urgency of each POCUS examination
and suggested interventions based on these findings.

If there is no acute cardiac pathology identified, the
lung POCUS increases in value and therefore becomes
more essential in evaluation. COVUS lung POCUS eval-
uates the extent of COVID-19 lung involvement as well
as for other possible pulmonary pathologies. Using the
same phased array transducer, clinicians evaluate the
anterior, midaxillary, and posterior lung fields bilaterally
using the lawnmower technique (23). Early lung ultra-
sound findings in patients with COVID-19 include coarse
pleural lines and patchy focal B-lines (9,11). Late lung ul-
trasound findings in patients with COVID-19 include coa-
lescent B-lines, subpleural consolidations with or without
air bronchograms, and small pleural effusions (9,11).
These probable lung findings in patients with COVID-
19 are outlined in Table 1.

Pulmonary pathology in patients with COVID-19 ap-
pears as a multifocal process and often involves multiple
lung fields (9–11). If there is any evidence of late lung
pathology, the clinician should strongly consider
admission for closer inpatient monitoring. Patients
should also be evaluated for additional pathologies,
including pneumothoraces, large pleural effusions, lobar
consolidations, and empyemas. These manifestations are
uncommon in patients with COVID-19 and if identified
may suggest alternative or coexisting complications that
should be managed accordingly (9,11).

Limitations

COVUS was developed in a single urban academic center
with high volumes of critically ill patients with COVID-
19. This protocol is limited in the identification of all

possible COVID-19 complications, but targets the most
immediately potentially life-threatening complications.
We recognize that this pathway may not be feasible or
the best fit for all practice settings because it was designed
by and for emergency physicians with experience in inte-
grating POCUS into their clinical management. The po-
tential for practice variability exists as we did not
impose firm guidelines as to when to perform COVUS.
For example, some of our providers used COVUS for
almost all PUIs, whereas others only performed COVUS
for patients with abnormal vital signs. While we do not
present any outcome data with regard to this element,
practice variability may influence and potentially bias
outcomes based on heterogenous inclusion criteria.
While our approach allowed a realistic in situ description
of the implementation of this approach in our ED, future
work instituting more standardized inclusion criteria
would allow greater uniformity of the sample population.

CONCLUSIONS

Patients presenting to the ED with COVID-19–like symp-
toms present a clinical challenge to clinicians because the
variedmanifestations of this relatively new disease process
are continually being discovered. As a result, the disposi-
tion and management plan for such patients from the ED
can often be complicated andmay result in significant con-
current pathologies being overlooked. Our goal was to pro-
vide emergency physicianswith a rapid and intuitive use of
POCUS,whose resultsmay significantly alter the course of
the patient’s therapy. Similar to the RUSH protocol that
was designed to aid in the diagnostic challenge of undiffer-
entiated hypotension to tailor therapy, our pathway aims to
guide undifferentiated complications of patients present-
ing with COVID-19 with a focus on organs that may
require immediate change in management (24).

While the COVUS pathway does not introduce any
new imaging modalities and is largely derived from exist-
ing protocols, it differs from other COVID protocols in

Table 1. COVUS Applications and Sonographic Findings

COVUS Suggested Views Potential Findings in COVID-19

Cardiac Parasternal long, parasternal short,
apical 4-chamber, subxiphoid, and
IVC

Decreased ejection fraction (consider
cardiomyopathy, myocarditis); dilated
IVC (consider left or right heart failure);
dilated RV (consider pulmonary
embolism)

Lungs Bilateral anterior, bilateral axillary, and
bilateral posterior (use lawnmower
technique for assessment)

Early findings: focal B-lines and
disrupted or thickened pleural line

Late findings: coalesced B-lines, small
peripheral consolidations (with or
without air bronchograms), and small
pleural effusions

COVID-19 = coronavirus disease 2019; COVUS = combination of COVID and point-of-care ultrasound; IVC = inferior vena cava; RV = right
ventricle.
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that it advances a cardiac-first approach, uses a single
transducer, and advocates for a lawnmower technique
for lung POCUS in lieu of recording individual lung fields
with separate videos. COVUS focuses on the most vital
systems affected by COVID-19, namely the heart, lungs,
and IVC (25,26).

SomeCOVID POCUS protocols only focus on lung ul-
trasound, which may overlook common cardiac compli-
cations (10,18). Other protocols propose scanning the
entire body, which we felt would be too time consuming
and unnecessarily increase exposure for providers (25).
We considered incorporating other POCUS modalities,
such as the evaluation of deep venous thrombosis in the
lower extremities. However, without evidence of right
heart strain or end-organ failure and injury, identification
of a deep venous thrombosis would not lead to clinically
significant changes in management in the emergent
setting. Our institution has been routinely anticoagulating
patients with elevated D-dimer and other inflammatory
markers. These anticoagulation recommendations exist
for most patients hospitalized for COVID-19 (27). Pulmo-
nary findings not consistent with classic COVID-19 may
lead to additional therapeutic procedures, such as antibi-
otics or even surgery. The aim of the COVUS pathway
is to identify problems that may require urgent interven-
tion in addition to diagnosis of COVID-19 infection.
The pathway also considers provider and equipment
exposure. The longer clinicians remain at the bedside,
the higher the risk for infection transmission. In addition,
a greater number of required transducers means a more
tedious postscanning cleaning processes. The pathway at-
tempts to balance comprehensiveness with expedience;
we hope to achievemaximumdetermination of associated
pathology that may significantly alter management while
maintaining minimal risk of infectious spread.

Thus far by using the COVUS protocol, anecdotally,
our clinicians have found new cardiomyopathies, submas-
sive pulmonary emboli, and other significant findings that
acutely changed management in patients with suspected
COVID-19. In our experience, the COVUS pathway has
provided our clinicians with a quick, real-time bedside
screening tool for the assessment and treatment of PUIs.

Future Directions

Wehave started to prospectively collect data on the effect of
COVUS in patient management in the ED. Future work
involving application of COVUS across a diverse set of
clinical settings and practice environments will help inform
clinicians on the applicability of COVUS in their depart-
ment. Our hope is that by sharing our initial experience
with this pathway, we may jumpstart a broader investiga-

tion on the applications of POCUS in the evaluation and
management of COVID-19 in the acute care community.
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