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Objectives—Point-of-care ultrasound (POCUS) detects the pulmonary manifes-
tations of COVID-19 and may predict patient outcomes.

Methods—We conducted a prospective cohort study at four hospitals from
March 2020 to January 2021 to evaluate lung POCUS and clinical outcomes of
COVID-19. Inclusion criteria included adult patients hospitalized for COVID-19
who received lung POCUS with a 12-zone protocol.

Each image was interpreted by two reviewers blinded to clinical outcomes. Our
primary outcome was the need for intensive care unit (ICU) admission versus
no ICU admission. Secondary outcomes included intubation and supplemental

oxygen usage.

Results—N = 160 patients were included. Among critically ill patients, B-lines
(94 vs 76%; P < .01) and consolidations (70 vs 46%; P < .01) were more com-
mon. For scans collected within 24 hours of admission (N = 101 patients), early
B-lines (odds ratio [OR] 4.41 [95% confidence interval, CI: 1.71-14.30];
P < .01) or consolidations (OR 2.49 [95% CI: 1.35-4.86]; P < .01) were predic-
tive of ICU admission. Early consolidations were associated with oxygen usage
after discharge (OR 2.16 [95% CI: 1.01-4.70]; P = .047). Patients with a nor-
mal scan within 24 hours of admission were less likely to require ICU admission
(OR 0.28 [95% CI: 0.09-0.75]; P < .01) or supplemental oxygen (OR 0.26
[95% CI: 0.11-0.61]; P < .01). Ultrasound findings did not dynamically change
over a 28-day scanning window after symptom onset.

Conclusions—Lung POCUS findings detected within 24 hours of admission
may provide expedient risk stratification for important COVID-19 clinical out-
comes, including future ICU admission or need for supplemental oxygen. Con-
versely, a normal scan within 24 hours of admission appears protective. POCUS
findings appeared stable over a 28-day scanning window, suggesting that these
findings, regardless of their timing, may have clinical implications.

Key Words—COVID-19; ICU; mortality; outcomes; POCUS; ultrasound

on the frontline of COVID-19 that are expedient,
accurate, and cost-effective, especially as new outbreaks
have shifted more toward resource-limited settings.' Current
methods to evaluate the risk of adverse outcomes for COVID-19
encompass the use of blood or imaging tests to determine the
likelihood of important clinical events, such as intubation or

T here is an urgent need to employ diagnostic modalities
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death.””® These evaluations have been incorporated
into scoring systems that can aid patient triage and
provide risk stratification.” ® However, such evalua-
tions may be burdensome or time consuming,
particularly in resource-limited settings where ex-
pedited access to clinical laboratories or imaging
centers is not feasible.’

Point-of-care ultrasound (POCUS) has garnered
substantial interest as a potential modality to expedi-
ently diagnose COVID-19 and its complications.”
POCUS devices are cheaper than traditional imaging
equipment, such as X-ray or computed tomography
(CT) machines, which makes POCUS ideal for
surge scenarios and resource-limited settings.® Since
providers using POCUS are concomitantly at the
bedside assessing patients, POCUS permits an
immediate and augmented evaluation of the patient.
It can reduce personal protective equipment usage
by radiology technicians as well as the need to
decontaminate larger radiographic equipment.”'’
POCUS has also been successfully used in the diag-
nosis and management of COVID-19.'"'* Previ-
ously described pulmonary manifestations of
COVID-19 include pulmonary edema, lung consoli-
dation, and pleural-line irregularities.'>'* POCUS
can diagnose these pathological states with similar
accuracy to CT and with higher sensitivity than X-
ray.""7  The sonographic manifestations of
COVID-19 pneumonia include bilateral B-lines, con-
solidations, and pleural thickening/irregularity
(Figure 1)."%'? Descriptions of these findings, their
underlying pathologies, and their correlates with CT
imaging could be found in Figure 1 and in online
supplemental Appendix 1."'%*°

Although lung ultrasound abnormalities are more
common in patients who experience adverse outcomes
with COVID-19,'*'* few studies have examined
whether scans performed early in the hospitalization
can provide meaningful risk stratification.”' Further-
more, few scoring tools predict the need for oxygen on
discharge, which represents a limited resource in many
settings. In this study, we examine whether early pul-
monary POCUS findings correlate with important
clinical outcomes, such as intensive care admission or
need for supplemental oxygen. We also examine
whether these findings, if detected early, are predictive
of future clinical outcomes in the subsequent hospital
course or after discharge.
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Materials and Methods

Participants and Setting
This was a prospective cohort study conducted at four
tertiary care centers in the United States from March
2020 to January 2021 based on a previously described
study protocol.* Our inclusion criteria included the
following: 1) adults hospitalized with a primary diagno-
sis of COVID-19 and 2) these patients were under
direct care of the physician researchers of this study.
The diagnosis of COVID-19 was based on symptom-
atology”” and a confirmatory nasopharyngeal polymer-
ase chain reaction for SARS-CoV-2 on admission. All
patients who met inclusion criteria were scanned dur-
ing their initial evaluation by the physician researchers,
regardless of their clinical condition unless explicitly
declined by the patient. The frequency of declined
scans was not tracked at all sites.

Physician researchers were permitted to perform
a follow-up scan if there was a perceived change in
clinical status (eg, worsening hypoxia, tachypnea,
hypotension). The frequency of follow-up scans was
tracked. Follow-up scans were included in the calcula-
tion of the frequency of POCUS findings (Table 1).
As this study focused primarily on the utility of initial
scans, all follow-up scans were excluded in analyses
examining the predictive utility of POCUS and
patient outcomes (Table 2). This study was approved
by the Institutional Review Boards of Stanford Uni-
versity and the University of California, San Fran-
cisco. A waiver of consent was obtained by both
institutions.

Outcomes

In this analysis, previously described POCUS features
for COVID-19 were compared with primary and sec-
ondary outcomes of clinical interest. Our primary out-
come was the need for intensive care unit (ICU)
admission. Secondary outcomes included the inci-
dence of intubation, supplemental oxygen usage dur-
ing the hospitalization or discharge, and 30-day
readmission.

Scanning Protocol and Interpretation

Physicians were instructed to use a 12-zone scanning
protocol for pulmonary views (Figure 1) and save
6 second clips of each lung zone.” If a 12-zone pro-
tocol could not be performed due to the patient’s

J Ultrasound Med 2022; 41:1367-1375
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Figure 1. Scanning protocol and lung ultrasound findings in COVID-19 patients. This study utilized a 12-zone protocol (6 zones per each
hemithorax), which we have previously described.*? If a 12-zone protocol could not be obtained, then an 8-zone protocol (which excludes
zones 5-6) was obtained. This figure contains an overview of the observed ultrasound findings based on previously described terminol-
ogy.1428 Common pathological findings with COVID-19 on ultrasound include B-lines, consolidations, and patchy A-lines. B-lines are verti-
cally oriented hyperechoic artifacts that arise from the pleura. They are caused by thickened interlobular septa due to alveolar-interstitial
disorders, such as pneumonia, cardiogenic edema, acute respiratory distress syndrome, or abnormal collagen deposition (eg, idiopathic
pulmonary fibrosis).®* Consolidations manifest as dense, echogenic lung parenchyma with occasional air bronchograms. Consolidations
may affect more distal airways first (resulting in sub-pleural consolidations) and eventually result in lobar collapse with more substantial
involvement (eg, translobar consolidation).™ A-lines represent a reverberation artifact arising from the pleura and represent normal lung
parenchyma. AAL, anterior axillary line; PAL, posterior axillary line; ISM, inferior scapular margin.

Scanning protocol

Small |
effusion

—"‘
& Increased Increased
echogenicity echogenicity

| B-lines I\ Normal lung J|Subpleural consolidation | Translobar consolidation |
Vertically oriented lines that Normal lung is Characterized by a Characterized by a dense
fulfill the following criteria: 1) characterized by broken/highly irregular  (“hepaticized”) lung that
extend from the pleural horizontal lines pleural line and associated  appears more solid. A
surface to the maximum depth called A-lines, increased echogenicity large effusion may be
of the image (at least 13-16 cm)  which represent below the pleuralline. An  present (not shown).
and 2) move in conjunction sonographic effusion may be rarely
with lung sliding, and 3) artifacts of normal present, as shown in the
erasure of A-lines as they pleura image.

move over them.
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Table 1. Patient Demographics and Scans

Characteristic All COVID-19 Patients Non-ICU Patients ICU Patients P
Number of patients 160 106 (66%) 54 (34%) -
No. of scans 201 132 (66%) 69 (34%) -
Early scans (<24 h) 101 79 22 -
Mechanical ventilation 24 (15%) - 24 (44%) -
Death 7 (4%) - 7 (13%) -
Median age (IQR) 58 (45-71) 55 (46-69) 60 (43-71) .85
Female 65 (41%) 46 (43%) 19 (35%) 45
Median BMI (IQR) 28.9 (25-34) 28 (25-34) 31(26-36) 2
Supplemental oxygen usage 102 (64%) 48 (64%) 54 (100%) <.001
Discharged on oxygen 37 (42%) 15 (27%) 22 (65%) <.001
Symptoms to triage, days (IQR) 6 (3-9) 70 (3.0, 10.0) 6.0 3.3, 8.8) .60
Symptoms to scan, days (IQR) 9 (5-14.5) 9.0 (5.0, 12.0) 11.0 (5.6, 17.0) .08
Triage to first scan, days (IQR) 0.9 (0.3-2.9) 0.8 (0.3-1.8) 2.5(0.3-8.5) .003
No. of 12-zone scans 115 (57%) 77 (58%) 38 (55%) -
Anterior zone scans 198 (99%) 130 (98%) 68 (99%) -
Lateral zone scans 188 (94%) 121 (92%) 67 (97%) -
Posterior zone scans 115 (57%) 77 (58%) 38 (55%) -
Normal lung POCUS 31 (156%) 27 (20%) 4 (6%) .01
Majority A-line pattern 65 (32%) 51 (39%) 14 (20%) .01
B-lines 165 (82%) 100 (76%) 65 (94%) <.01
Bilateral 124 (62%) 71 (54%) 53 (77%) <.01
Anterior 121 (61%) 68 (52%) 53 (78%) <.01
Lateral 132 (70%) 82 (68%) 50 (74%) A1
Posterior 84 (72%) 51 (66%) 33 (85%) .06
Consolidation 108 (54%) 60 (46%) 48 (70%) <.01
Bilateral 61 (30%) 31 (24%) 30 (44%) <.01
Anterior 53 (54%) 21 (39%) 32 (711%) <.01
Lateral 69 (68%) 32 (55%) 37 (84%) <.01
Posterior 56 (82%) 39 (87%) 17 (74%) 33

Bold items denote findings of statistical significance (P < .05). Early scans are those defined as being collected within 24 h of initial emer-
gency department triage and prior to ICU admission.

IQR, interquartile range; BMI, body mass index; ICU, intensive care unit.

Table 2. Outcomes by POCUS Findings Based on Early Scans

Required
ICU Admission Intubation Supplemental O, OR Discharged on
Characteristic OR [95% Cl] P OR [95% Cl] P [95% Cl] P 0, OR[95% Cl] P
Normal LUS 0.3[0.1-0.8] <.01 0.3[0.03-13] 13 0.3[0.1-0.6] <.01 0.6 [0.2-1.6] .29
Majority A-line 0.410.2-0.8] <01 05[0.2-14] 19 0.9 [0.4-2.0] 79 0.7[0.3-1.5] 35
B-lines 4.411.7-14.3] <01 3.8[0.9-351] .07 3.7[1.6-8.6] <.01 16[0.6-4.4] 35
Bilateral 2.6[14-52] <01 1.0[0.4-25] .98 16[0.8-3.4] 19 1.6 [0.8-3.6] 21
Anterior 3.0 [1.6-5.9] <01 31[1.2-10.3] .02 29[1.4-6.3] <.01 19[0.9-4.4] .10
Lateral 13[0.7-2.6] 41 0.8[0.3-2.0] .56 2.2[1.0-4.8] .046 1.3[0.6-3.0] .57
Posterior 2.4[1.0-6.8] .07 19[0.5-10.3] 34 1.4[0.5-4.2] b3 1.4 [0.4-4.5] .62
Consolidation 2.5[1.4-4.7] <01 22[0.9-57] .08 19[0.9-4.1] A1 2.2 [1.0-4.7] .047
Bilateral 2.4[13-4.4] <01 21[0.9-4.9] .09 19[0.8-5.3] 16 3.3[14-81] <.01
Anterior 3.8[1.7-9.2] <01 64[18-340] <.01 2.7[0.8-9.7] 10 2.910.9-9.8] .08
Lateral 3.7[15-10.1] <01 28[0.8-147] 13 2.4[0.6-8.5] 19 2.9[0.8-11.7] .10
Posterior 0.5[0.1-1.6] 21 0.6[0.1-33] 48 0.8[0.1-5.0] .82 1.5[0.3-10.9] .64

Scans (N = 102) were analyzed if they were collected within 24 hours of emergency department triage and prior ICU admission to examine
the predictive utility of early POCUS scans (expressed as odds ratios and 95% confidence intervals). Majority A-lines were defined as a
A-line only finding in at least 50% of sampled lung fields. Bold items denote findings of statistical significance (P < .05).
ICU, intensive care unit; OR, odds ratio; LUS, lung ultrasound; Cl, confidence interval; POCUS, point-of-care ultrasound.
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condition (eg, the posterior lung zones were not
accessible due to intubation), then a modified 8-zone
protocol capturing the anterior and lateral lung fields
was performed.”® This study utilized several POCUS
devices, including Butterfly IQ™, Vave™, Lumify™,
Mindray™, GE™, and Sonosite™, which represent
the commercially available portable machines at our
institutions. All devices used a phased array probe
and were set to the “lung” preset.

The POCUS scans were obtained by physicians
credentialed in POCUS for patient care at their respec-
tive institutions. The physicians involved in scanning
completed a 30-minute orientation to review the scan-
ning protocol. A core group of researchers at each site
interpreted the archived images based on consensus
guidelines for lung ultrasound (LUS) developed by
the researchers (online supplemental Appendix 1).>*~
%> A full description of the credentials and experience
of the scanners and image interpreters can be found in
the online supplemental Appendix 1. The researchers
were blinded to patient information and outcomes
when interpreting the images.

Previous investigations have demonstrated
moderate-to-excellent interrater reliability (IRR) for
LUS across different experience levels and probe
types.”®>” Nonetheless, we conducted our own IRR
analysis within the context of COVID-19 and LUS.
We found that LUS has moderate-to-substantial IRR
for LUS among COVID-19 for the findings included
in this study.”® Based on our IRR findings, we devel-
oped an interpretation protocol. First, two researchers
would independently apply the consensus guidelines
(online supplemental Appendix 1) to create a stan-
dardized approach to image interpretation. Next, they
would input their findings into separate electronic
forms. The researchers would then meet to compare
their interpretations. If there was disagreement in
interpretation, the two researchers would attempt to
reach a consensus. If no consensus could be reached,
then the data were excluded from the final database.

Analysis

Our calculated sample size for this study was
94 patients based on reasonable assumptions (15%
event rate, 80% power,  .05). Event rates were based
on internal data from our hospitals at the time of
study design. For the main analysis comparing ICU
admission with no ICU admission, the unit of analysis

J Ultrasound Med 2022; 41:1367-1375
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was on each scan. Therefore, the analytical set could
include multiple scans for one patient that met inclu-
sion criteria. Subgroup analysis was limited to the ini-
tial scan per patient. Chi-square and Fisher exact
testing were performed for categorical variables and ¢-
tests for continuous variables. Mann-Whitney tests
were performed for non-normal distributed continuous
variables instead of t-tests with median and inter-
quartile ranges (IQR) reported. Odds ratios (ORs),
corresponding 95% confidence intervals (Cls), and
P values from the models were reported. For POCUS
features with low or high rates (<5%, >95%) of events,
we performed Firth logistic regressions instead of
obtaining more reliable estimates. Poisson regression
models were performed for POCUS ultrasound count
features. All analyses were performed with R statistical
programming languages, version 4.0.3 (Vienna,
Austria).

Results

Patients and Scans

The study was sufficiently powered to analyze the pri-
mary outcome. There were N = 160 patients
(N = 201 scans) included in the study (Table 1).
N = 54 patients (N = 69 scans) were admitted to
the ICU, while N = 106 patients (N = 132 scans)
were not admitted. Approximately N = 32 patients
received multiple LUS scans on separate days, which
accounts for the greater number of LUS scans than
patients. The timing of scans from symptom onset,
emergency department (ED) triage, and ICU admis-
sion are listed in Table 1. All scans (N = 201) were
collected with a median 0.9 days (IQR 0.3-2.9) after
initial triage in the ED (Table 1).

Primary Outcome: ICU Admission and Prediction
With Early Scanning

Several LUS features were more common in patients
who experienced ICU admission (Table 1). To assess
the predictive utility of early POCUS for ICU admis-
sion, we analyzed scans collected within 24 hours of
ER triage and before ICU admission (N = 101
scans). Scans (N = 22) from critically ill patients
were acquired a median 0.9 days (IQR 0.6-1.2) prior
to ICU admission. All scans analyzed for this

1371
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subanalysis were acquired at least 6 hours before ICU
admission.

Several early POCUS features were again associ-
ated with ICU admission (Table 2). These included
the absolute presence of B-lines (OR 4.41 [95% CI:
1.71-14.30]; P <.01) or consolidation (OR 2.49
[95% CI: 1.35-4.86]; P <.01). The presence of
either bilateral, anterior, or lateral B-lines or consoli-
dations was similarly associated with ICU admission
(Table 2). Protective factors against ICU
admission included the presence of a normal lung
scan (OR 0.28 [95% CI: 0.09-0.75]; P < .01) or the
presence of an A-line pattern in the majority of sam-
pled lung fields (OR 042 [95% CI: 0.21-0.81];
P < .01). Importantly, none of the patients who had
an initially normal LUS within 24 hours of ED evalua-
tion were admitted to the ICU in the subsequent
28 days.

Secondary Outcomes: Intubation, Oxygen Usage,
Readmission

To assess the predictive utility of POCUS on second-
ary outcomes, scans that were collected within
24 hours of ER triage or before ICU admission were
analyzed (N 101 scans). Early LUS findings

(Table 2) associated with intubation included ante-
rior Blines (OR 3.0 [95% CIL 1.15-10.27];
P = .02) and anterior consolidation (OR 6.40 [95%
CI: 1.80-34.01]; P <.01). Supplemental oxygen
usage during the hospitalization was associated with
B-lines at triage (OR 3.74 [95% CI: 1.63-8.63];
P < .01), while a normal LUS at the time of triage
was protective against oxygen usage for the hospitali-
zation (OR 0.26 [95% CI: 0.11-0.61]; P < .01). Con-
solidations present on triage scans were associated
with the need for oxygen at discharge (OR 2.16 [95%
CI: 1.01-4.70]; P = .047). No POCUS findings were
significantly associated with 30-day readmission
(online supplemental Appendix 1).

Stability of Lung Ultrasound Findings Over Time

The following analysis examined whether lung
POCUS findings dynamically change over 28 days
from symptom onset. Patient scans (N = 201) were
stratified into quartiles by time since symptom onset
to their scan (days 0-6, 7-13, 14-20, and 21-28).
Notably, POCUS findings did not significantly change
over the 28-day period (Figure 2). This stability was
also observed for patients who experienced ICU
admission or not (online supplemental Appendix 1).

Figure 2. Persistence of lung ultrasound findings over time. Lung findings were stratified by days from symptom onset to the ultrasound
scan into quartiles (0-6 days, 7-13 days, 14-20 days, and 21-28 days). There was no significant difference in the frequency of findings
across the time periods or when comparing early (0-6 days) versus late (21-28 days) scanning periods.
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Similarly, there was no difference when comparing
early (days 0-7) versus late (days 214) scans (online
supplemental Appendix 1).

Discussion

In this prospective cohort study conducted at four
medical centers of patients hospitalized with COVID-
19, we found that lung ultrasounds collected within
24 hours of emergency department triage were predic-
tive of important clinical outcomes in the subsequent
hospital course, including ICU admission, intubation,
supplemental oxygen usage, and the need for oxygen
at discharge. Ultrasound findings associated with an
adverse clinical course included B-lines and consolida-
tions (particularly in the anterior and lateral lung
fields), while a normal ultrasound on triage was protec-
tive against adverse outcomes. Notably, ultrasound
findings did not dynamically change over a 28-day win-
dow after symptom onset, suggesting that the presence
of B-lines or consolidations, regardless of when they
are detected, may be important clinical predictors.

Previous investigations have demonstrated that
lung POCUS findings (such as B-lines or consolida-
tions) are associated with critical illness and intubation
for COVID-19."> Our study expands on these observa-
tions by demonstrating that scans collected within
24 hours of ED triage may predict outcomes for the
entire hospital course, including future supplemental
oxygen usage and the need for oxygen on discharge.
This information may substantially aid frontline pro-
viders in resource-limited settings experiencing patient
sulrges.29 In such scenarios, POCUS could augment
admission or discharge decisions for providers.”” More
broadly, POCUS could represent one of several tools
to identify patients at-risk for adverse outcomes.>*'>*°
Other authors have demonstrated the utility of labora-
tory tests (eg, ferritin, c-reactive protein) or radio-
graphic findings for risk stratification.”>*' POCUS
may have potential advantages over these other
methods in that it is more expedient, low cost and
does not expose the patient to ionizing radiation.*”
Future studies are needed to directly compare POCUS
with other scoring systems that utilize laboratory or
radiological findings.

A criticism of POCUS is that it requires expertise
to conduct and may therefore not be accessible to a

J Ultrasound Med 2022; 41:1367-1375
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wide array of providers.>> We have noted others have
created prognostic tools for COVID-19 that incorpo-
rate extensive POCUS scanning protocols and com-
plex scoring systems,>®'* which may further relegate
POCUS to the hands of only highly motivated users.
We disagree with such an approach and believe that
the promise of POCUS lies in its simplicity and inher-
ent expediency. Importantly, our findings suggest that
the high-risk features for COVID-19 are located pri-
marily in the anterior or lateral lungs, which can be
rapidly assessed by providers with limited POCUS
experience.”* Several of the findings we observed have
excellent interrater reliability and can be expediently
learned.*®*>*° In contrast to more complex protocols,
the results of this study suggest that a rapid assess-
ment of the anterior lungs could provide meaningful
risk stratification and warrants further investigation.

In this study, we observed that POCUS findings
remained stable over the 28-day scanning period,
which is consistent with previous observations for
POCUS and COVID-19."**""* There are two impli-
cations of these findings. First, the detection of
B-lines or consolidations at any time point may war-
rant close clinical observation, while a normal scan
may be reassuring. For an otherwise stable patient
who presents with a normal lung ultrasound, a pro-
vider may be reassured for discharge, especially since
POCUS findings for COVID-19 may remain stable
over time.'**®* This practice may be supported by
CT data that demonstrate pulmonary opacities often
appear before symptomatology or clinical deteriora-
tion, suggesting that imaging findings can predict
whether a patient will clinically worsen, even before
becoming symptomatic.** The second implication of
our findings is that POCUS may aid in the evaluation
of post-acute sequalae of COVID-19 (PASC), an
increasingly recognized complication of SARS-CoV-2
that is characterized by long-term symptomatology
(including dyspnea) following seroconversion.”*'
COVID-19 can lead to chronic fibroproliferative his-
tologic changes of the lungs,'>*” which can be readily
detected by POCUS.>” Such an approach may avoid
ionizing radiation from serial CT scans and further
investigations are needed to demonstrate the utility of
POCUS for PASC.

There are several limitations to this study. The
authors of the study, who were also the treating phy-
sicians, attempted to scan all COVID-19 patients in
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their care, but time and resource constraints resulted
in self-selecting patients for inclusion in the study and
performing the scans without blinding. Therefore,
there may be substantial selection bias resulting in a
potential convenience sample. Certain patient condi-
tions, such as intubation or patient mobility, prevented
the provider from acquiring all 12 zones, particularly
the posterior zones. Therefore, not all patients
received a 12-zone scan, which limits the generalizabil-
ity of the findings’ frequencies by location. We did not
control for patient conditions that may have con-
founded the sonographic findings (eg, interstitial lung
disease), although these diseases had low prevalence in
our population (online supplemental Appendix 1). We
did not serially perform scans on most patients over
time. Therefore, the persistence of findings over the
28-day scanning window should be interpreted with
caution. Finally, our population was limited to patients
hospitalized for COVID-19. Consequently, our
findings may not be generalizable to outpatient or tri-
age settings, although other studies have examined the
utility of POCUS in these venues.®’

In conclusion, we found that lung ultrasounds
from COVID-19 patients collected within 24 hours of
emergency department triage were predictive of
important clinical outcomes in the subsequent hospi-
tal course, including ICU admission, intubation, sup-
plemental oxygen usage, and the need for oxygen at
discharge. None of the patients who had an initially
normal LUS within 24 hours of ED evaluation were
admitted to the ICU, required supplemental oxygen
in the subsequent hospitalization, or experienced
readmission in 30 days. Lung ultrasound findings
remained stable over a 28-day scanning period from
symptom onset, suggesting that the presence of
B-lines or consolidations, regardless of when they are
detected, warrant close clinical observation. Future
studies should determine whether POCUS can be
utilized to appropriate triage or discharge patients
with COVID-19, especially if a simplified protocol
capturing the anterior or lateral lungs is used.
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