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Background: While point-of-care ultrasound (POCUS) has been used to track
worsening COVID-19 disease it is unclear if there are dynamic differences
between severity trajectories.

Methods: We studied 12-lung zone protocol scans from 244 participants
[with repeat scans obtained in 3 days (N = 114), 7 days (N = 53), and weekly
(N = 9)] > 18 years of age hospitalized for COVID-19 pneumonia. Differences
in mean lung ultrasound (LUS) scores and percent of lung fields with A-lines
over time were compared between peak severity levels (as defined by the
WHO clinical progression scale) using linear mixed-effects models.

Results: Mean LUS scores were elevated by 0.19 (p = 0.035) and A-lines were
present in 14.7% fewer lung fields (p = 0.02) among those with ICU-level or
fatal peak illness compared to less severe hospitalized illness, regardless of
duration of illness. There were no differences between severity groups in the
trajectories of mean LUS score 0.19 (p = 0.66) or percent A-lines (p = 0.40).

Discussion: Our results do not support the use of serial LUS scans to monitor
COVID-19 disease progression among hospitalized adults.
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Background

Serial point-of-care lung ultrasound (LUS) provides
actionable results at the point-of-care without ionizing
radiation. LUS has been an essential tool in evaluating patients
with COVID-19 pneumonia, albeit with heterogenous uptake
based on center expertise. In contrast to serial chest X-rays,
which are no longer standard of care, serial LUS scans are
performed without radiation exposure, are more sensitive for
detecting lung pathology, and therefore may be more useful as a
daily measurement.

While multiple studies (1-5) have assessed the prognostic
value of LUS, few (6, 7) have assessed changes over time in
a methodical manner. In addition to identifying resolving of
severe pulmonary disease, changes in LUS findings could help
monitor patient trajectories. However, the variability or trends
over time have not been well-described. In the present study
we evaluate the association between LUS characteristics (i.e.,
A-lines, B-lines, consolidations, pleural effusions, pleural line
thickening, and a composite score averaged across lung zones)
clinical severity among adults hospitalized with COVID-19.

Methods

We conducted a prospective enrollment of adults age > 18
who were admitted to Johns Hopkins University Hospital
and tested positive for SARS-CoV-2, in a larger COVID-19
prospective cohort (ClinicalTrials.gov number, NCT04496466),
from April 2020 to September 2021. This protocol was
approved by the Johns Hopkins University Institutional Review
Board (IRB00245545). After screening SARS-CoV-2 RT-PCR
positive patients, a convenience sample of 264 patients were
enrolled depending on LUS-trained research staff availability as
previously described (1). After enrollment, study visits including
LUS scans occurred until hospital discharge on study days 3,
7, and weekly for up to 90 days from enrollment. To evaluate
the value of serial scans, our analysis was restricted to 244
participants (413 scanning encounters) after excluding those
with an initial scan at >28 days of symptom onset, only one
scan, or those with subsequent scans > 7 days of the preceding
scan (Figure 1).

As described (1), lung images were collected using 6-s clips
from 12 zones using a Lumify S4 phase array probe (Philips,
Amsterdam, Netherlands). Study personnel were subsequently
masked to clinical information and provided reads identifying
and characterizing A-lines (an indicator of normal lung),
B-lines (an indicator of edema, fibrosis, or inflammation),
consolidations, pleural effusions, and pleural line thickening.
Due to a high number of incomplete studies given the
hospitalized and intubated status of many patients, a minority
(N = 58; 23.8%) had at least one complete LUS scan with
all 12 zones. Therefore, the mean LUS (mLUS) score was
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calculated, including those with less than a full 12-zone exam.
This composite score (ranging from 0 to 3 with a higher score
signifying higher severity) is an average across zones with 1
point for discrete B-lines, 2 points for coalescent B-lines, and
3 points for lung consolidation as previously described (1).
Mean number of lung zones scanned across all participants
and visits was 5.6.

Participants were grouped by the highest severity reached
at the peak of their illness (i.e., moderate or severe) with
severe disease defined by requiring high flow nasal cannula,
mechanical ventilation, or fatal cases based on the WHO clinical
progression scale (8). Disease worsening was considered moving
from a moderate level to a severe level and resolving disease
was consider moving from a severe level to a moderate level
of disease. Summary statistics were calculated for each week
post-symptom onset. For individuals with multiple time points
during a given week post-symptom onset, a time point was
selected at random for each week post-symptom onset to
decrease risk of confounding for summary statistics. Differences
in mLUS score or percent A-lines changes over time (days post-
symptom onset) between peak severity groups were evaluated
using linear mixed-effects models. As a sensitivity analysis,
models were also run using generalized estimating equations
(GEE) and using severity as an ordinal covariate (moderate or
severe). Data were analyzed using statistical analytical software
Stata version 15.0 (StataCorp LLC, College Station, TX, USA)
and figures were created in R (v3.6.3) using the “ggplot” (v3.3.3)
package (v1.0.7).

Results

The cohort included 244 total participants [mean age of 58.2
(SD 15.0) years, and 55.7% female] with 199 participants at 0—
14 days post-symptom onset at baseline scan and 45 participants
at 15-28 days post-symptom onset. The median LUS time was
9.1 days (IQR: 5.0, 12.7 days) from symptom onset. The median
time to peak illness was 11.0 days (IQR: 6.2, 18.3 days) from
symptom onset among those that developed severe disease.

The distributions of lung zones with A-lines (normal),
B-lines (abnormal), and pleural line abnormalities increased by
each level peak severity at baseline (Table 1). At the baseline
scan, a widely variable percentage of lung fields contained
B-lines (median 58.3%, IQR: 33.3, 0.0%) in patients with
moderate COVID-19 but a high degree of B-line changes was
consistently present among those with severe peak severity
(median 83.3%, IQR: 66.7, 100.0%) (Supplementary Table 1).
Conversely, participants in the severe group had a lower
percent of A-lines (median 63.6%, IQR: 33.3, 85.7%) compared
to the moderate group (median 85.7%, IQR: 66.7, 100.0%).
The mLUS score median was 1.0 (IQR: 0.5, 1.3) for the
overall cohort.
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Patients with lung ultrasound scans
(264 patients, 530 encounters)

Y

Patients with 1st lung ultrasound
within 28 days of symptom onset
(244 patients, 484 encounters)

Excluded:

Patients with 15t lung ultrasound
>28 days of symptom onset

(20 patients, 46 encounters)

Study population
(244 patients, 413
encounters)

FIGURE 1

Flow diagram of study population

Excluded:

Subsequent scan

>7 days of prior scan (71
encounters)

TABLE 1 Lung ultrasound findings by week of illness among adult participants hospitalized with COVID-19 stratified by peak severity.

Variables-median (IQR)

Week of illness

0-7 days (N = 92)

8-14 days (N = 140)

15-21 days (N = 55)

22-29 days (N = 25)

Moderate disease-no.
mLUSS

A lines,%

Any B lines, %
Confluent B lines,%
Consolidations,%
Pleural line abnormalities,%
Pleural effusions,%
Severe disease-no.
mLUSS

A lines, %

Any B lines, %

74 75

0.750 (0.250, 1.125)
90.9 (75.0, 100.0)
46.4 (25.0, 80.0)

0.875(0.333, 1.250)
90.9 (66.7, 100.0)
62.5(33.3,83.3)

0.0 (0.0, 20.0) 8.3 (0.0, 25.0)

0.0 (0.0,0.0) 0.0 (0.0, 0.0)

0.0 (0.0,8.3) 0.0 (0.0, 12.5)

0.0 (0.0,8.3) 0.0 (0.0, 0.0)
18 55

1.000 (0.667, 1.500)
69.0 (42.9, 100.0)
73.2(50.0, 100.0)

1.000 (0.667, 1.500)
66.7 (50.0, 100.0)
75.0 (50.0, 100.0)

33
0.667 (0.500, 1.000)
100.0 (60.0, 100.0)
583 (33.3,87.5)
0.0 (0.0, 0.0)
0.0 (0.0, 0.0)
0.0 (0.0, 0.0)
0.0 (0.0, 0.0)
37
1.250 (1.000, 1.600)
66.7 (16.7, 83.3)
100.0 (62.5, 100.0)

12
1.000 (0.000, 1.310)
82.9 (63.3, 100.0)
722 (0.0, 94.4)
0.0 (0.0, 18.3)
0.0 (0.0,7.1)
0.0 (0.0, 10.6)
0.0 (0.0, 0.0)

13
1.400 (1.000, 1.667)
37.5 (25.0, 75.0)
100.0 (750, 100.0)

Confluent B lines, % 0.0 (0.0, 25.0) 0.0 (0.0, 33.3) 0.0 (0.0, 40.0) 28.6 (0.0, 50.0)
Consolidations, % 0.0 (0.0, 25.0) 0.0 (0.0,22.2) 0.0 (0.0, 25.0) 0.0 (0.0, 25.0)
Pleural line abnormalities, % 0.0 (0.0, 14.3) 0.0 (0.0, 16.7) 0.0 (0.0, 37.5) 60.0 (0.0, 75.0)
Pleural effusions, % 0.0 (0.0, 12.5) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 25.0 (0.0, 50.0)
mLUSS, mean lung ultrasound score; IQR, interquartile range.
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Stratifying by these peak severity groups, the mLUS score
remained higher in severe disease than in moderate disease
(Figure 2 and Supplementary Table 1). Regardless of week
of illness, more pervasive B-lines were higher in the severe
group than in moderate illness and A-lines were lower in severe
illness (Supplementary Table 1). Severe COVID-19 patients had
consistently higher percent lung zones with B-lines throughout
the first month of illness than moderate COVID-19 (Figure 2
and Table 1). Most lung zones were unaffected by pleural
line abnormalities in either severity group. A-lines became less
prevalent over time among those with moderate or severe
disease (Figure 2 and Supplementary Table 1), and B-lines
became more prevalent over time among participants that
remained hospitalized during their third and fourth week of
illness. Consolidations, pleural line abnormalities, and pleural
effusions were uncommon throughout illness in both moderate

10.3389/fmed.2022.1021929

and severe groups (Supplementary Table 1). The percent of
lung zones with pleural line abnormalities or pleural effusions
was higher in severe disease than moderate at 22-29 days of
illness, but sample size was limited to 13 and 12, respectively
(Figure 2 and Table 1).

In the linear mixed-effects model, mLUS scores were
elevated by 0.19 (p = 0.035) in the severe group compared to
the moderate group regardless of duration of illness. However,
there was no difference in mLUS trajectory (i.e., change over
time) between severity groups (p = 0.66). A sensitivity analysis
using study visits instead of duration of symptoms and another
analysis using GEE resulted in the same qualitative conclusion
(data not shown). Similarly, A-lines were in 14.7% fewer lung
fields (p = 0.02; Figure 2) and B-lines were in 17.8% more lung
fields among those with severe disease compared to moderate
disease regardless of duration of illness. However, the trajectory
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FIGURE 2
(A) Trends of lung ultrasound lung zone involvement (%) over time of different ultrasound artifacts or abnormalities between moderate and
severe COVID-19. (B) The composite mean LUS (mLUS) score over time between moderate and severe COVID-19. Line is fitted with generalized
additive model and the gray line represents standard error.
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of percent A-lines did not differ significantly between peak
severity levels (p = 0.40) and the trajectory of percent B-lines
did not differ (p = 0.83).

Discussion

Our study found no significant differences in LUS findings
over time between those with severe (i.e., ICU-level or fatal
cases) and moderate (non-ICU) peak illness among adults
hospitalized with COVID-19. Lung ultrasound abnormalities
became increasingly prevalent among the minority of those
that remained hospitalized during the third or fourth week of
illness. However, the slope of that increase did not differ between
moderate or severe disease. While the benefits of portability
and bedside results of LUS are appealing, our results did not
reveal differences in the composite mLUS scores or percent of
zones with A-lines over the patients’ clinical course. Baseline
LUS or LUS after a prolonged stay may be more informative than
dynamic LUS changes among those hospitalized with COVID-
19 pneumonia.

This represents, to our knowledge, the largest study with
serial COVID-19 LUS. Prior research has identified similar
findings of persistent abnormalities (7) but has not evaluated for
changes as potential indicators of a severe disease trajectory. The
dearth of differences may be related to persistent architectural
changes that may lag clinical improvement similar to that which
may occur with chest X-rays or computed tomography (CT)
scans in which residual disease observed on medical imaging
does not reflect the relative recovery in clinical condition.

There are limitations to our study. Participants were initially
scanned after admission to the hospital and earlier changes
in lung ultrasound findings may not have been observed.
Mean LUS score was used to mitigate the effect of incomplete
lung scans of <12 zones. While this may introduce bias, it
reflects the real-world application of ultrasound in the clinical
care of patients with moderate and severe illness. The small
sample size within the third and fourth weeks of illness due
to attrition from discharges could have resulted in an inability
to detect more subtle differences and included those that were
more ill. As participants were not scanned after discharge,
our findings during late illness are likely representative of the
course for individuals that remain hospitalized for illness due
to COVID-19 rather than individuals that are hospitalized
for COVID-19 in general. Scans were collected in the pre-
omicron era; however, imaging is expected to be similar
among those hospitalized with severe COVID-19 due to
omicron variants. Differences or sensitivity analyses based
on ventilator settings (e.g., positive end-expiratory pressure)
were not assessed due to data availability. Further studies are
needed in the ambulatory setting to improve understanding
of diagnostic accuracy among non-hospitalized individuals
with COVID-19.
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Mean LUS scores correlated with clinical severity among
hospitalized adults when assessed cross-sectionally; however,
mLUS score did not change or differ between peak severity
levels over the time course of hospitalization. These results
do not support serial LUS scans to monitor progression
of disease severity. While future studies may identify other
potential applications for serial LUS, LUS remains an important
tool for clinical care in detecting and diagnosing various
lung pathologies.
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