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BACKGROUND: As lung ultrasound (LUS) has emerged as a diagnostic tool in patients with

COVID-19, we sought to investigate the association between LUS findings and the composite in-

hospital outcome of ARDS incidence, ICU admission, and all-cause mortality. METHODS: In

this prospective, multi-center, observational study, adults with laboratory-confirmed SARS-CoV-2

infection were enrolled from non-ICU in-patient units. Subjects underwent an LUS evaluating a total

of 8 zones. Images were analyzed off-line, blinded to clinical variables and outcomes. A LUS score

was developed to integrate LUS findings: 6 3 B-lines corresponded to a score of 1, confluent B-lines

to a score of 2, and subpleural or lobar consolidation to a score of 3. The total LUS score ranged

from 0–24 per subject. RESULTS: Among 215 enrolled subjects, 168 with LUS data and no cur-

rent signs of ARDS or ICU admission (mean age 59 y, 56% male) were included. One hundred

thirty-six (81%) subjects had pathologic LUS findings in 6 1 zone (6 3 B-lines, confluent B-

lines, or consolidations). Markers of disease severity at baseline were higher in subjects with the

composite outcome (n 5 31, 18%), including higher median C-reactive protein (90 mg/L vs 55,

P < .001) and procalcitonin levels (0.35 lg/L vs 0.13, P 5 .033) and higher supplemental oxygen

requirements (median 4 L/min vs 2, P 5 .001). However, LUS findings and score did not differ

significantly between subjects with the composite outcome and those without, and were not asso-

ciated with outcomes in unadjusted and adjusted logistic regression analyses. CONCLUSIONS:

Pathologic findings on LUS were common a median of 3 d after admission in this cohort of non-

ICU hospitalized subjects with COVID-19 and did not differ among subjects who experienced

the composite outcome of incident ARDS, ICU admission, and all-cause mortality compared to

subjects who did not. These findings should be confirmed in future investigations. The study is

registered at Clinicaltrials.gov (NCT04377035). Key words: COVID-19; lung ultrasound; risk stratifi-
cation; in-hospital outcomes. [Respir Care 0;0(0):1–�. © 0 Daedalus Enterprises]

Introduction

The SARS-CoV-2 pandemic has resulted in numerous

deaths, increased hospitalization burden, and ICU admis-

sions worldwide. A serious complication and important

cause of death and ICU admission among patients with

COVID-19 is the development of ARDS.1 A recent meta-

analysis of 50,466 subjects reported an incidence of ARDS

of 14.8% in hospitalized subjects with SARS-CoV-2

infection.2

Prior studies have provided evidence for a promising

role of lung ultrasound (LUS) in the diagnosis, manage-

ment, and prognostic assessment of subjects with ARDS3-8

LUS has emerged as a useful tool in the bedside assessment

of patients, and its noninvasive, portable, and rapid use

makes it an attractive tool in evaluating critically ill

patients. Several studies have already identified the poten-

tial utility of LUS in the initial assessment of patients with

COVID-19 and described the typical findings on LUS seen

with this infection including bilateral B-lines, confluent
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B-lines, consolidations, and pleural line abnormalities.9-13

LUS findings have also been shown to correlate well with

findings on computed tomography (CT) of the chest in sub-

jects with COVID-19.12,14-17 An international expert con-

sensus statement on the clinical utility of point-of-care

ultrasound in patients with COVID-19 recommends the use

of LUS to diagnose COVID-19 pneumonia with appropri-

ate integration of clinical information and to help guide

clinical decisions on respiratory support in patients with re-

spiratory failure in addition to standard respiratory

monitoring.18

Although there is evidence supporting the use of LUS in

the early assessment and diagnosis of patients with

COVID-19, there is limited knowledge regarding the use of

LUS for risk stratification in these patients. LUS could

potentially allow clinicians to perform fast and noninvasive

risk assessments in patients with COVID-19, enabling indi-

vidualized tailoring of therapy and patient management.19,20

Therefore, this prospective, multi-center, observational

study aimed to investigate the association between LUS

findings and the composite in-hospital outcome of incident

ARDS, ICU admission, and all-cause mortality in non-ICU

hospitalized subjects with COVID-19.

Methods

This was a prospective, multi-center, observational

cohort study of hospitalized subjects with laboratory-con-

firmed SARS-CoV-2. In total, 215 consecutive patients

were enrolled from dedicated COVID-19 non-ICU

in-patient units in 8 hospitals in eastern Denmark during

the inclusion period (March 30, 2020–June 3, 2020).

Subjects were not recruited from ICUs. The inclusion crite-

ria were laboratory-confirmed SARS-CoV-2 infection, age

$ 18 y, and ability to provide written informed consent as

previously reported and described in 2 studies published on

the same cohort.21,22 For the purpose of this analysis, we

excluded patients who had ARDS or were admitted to the

ICU prior to the LUS examination and those who did not

have a LUS performed or had missing or uninterpretable

images for all 8 LUS zones. ARDS prior to study inclusion

was defined according to the Berlin criteria,23 incorporating

chest x-ray findings and not LUS findings (Supplemental

material, Table 1, see related supplemental material at

http://www.rcjournal.com). For example, some of the en-

rolled subjects had been admitted to the ICU prior to the
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time of study enrollment and then transferred to the non-

ICU in-patient units. These subjects were excluded from

the current analysis. The study was conducted in accord-

ance with the second Declaration of Helsinki and approved

by the regional ethics committee in the greater Copenhagen

area. All subjects provided written informed consent. The

study is registered at Clinicaltrials.gov (NCT04377035).

All subjects answered an extensive questionnaire

regarding their medical history and health-related

behavior. Vital signs from the day of study enrollment

(ie, the day of LUS and echocardiography) and closest

to the time of ultrasound were obtained from the sub-

jects’ electronic health records. Information on medical

history, comorbidities, and medication was retrieved

from the subjects’ electronic health records and the

questionnaire as previously described.21,22 Laboratory

tests were performed during the hospitalization and

were recorded from the day of study enrollment if avail-

able, otherwise recorded from the day with available

laboratory data closest to the study enrollment date.

LUS examinations were performed at the bedside using

the portable Vivid iq 4D ultrasound system (GE

Healthcare, Chicago, Illinois) by 4 trained investigators

(MHL, KGS, JNL, NDJ) following a standardized 8-zone

imaging protocol (4 zones on each hemithorax, 6 s per

clip)24 with subjects in a semi-recumbent position. Figure

1 illustrates the location of the evaluated LUS zones.

After initial identification of the most representative

images/intercostal space within one zone, the sonographer

held the probe still and recorded a 6-s clip in that location.

The recorded LUS clip corresponded to the most represen-

tative images of the particular zone according to the

sonographer and was not necessarily the most abnormal or

least abnormal pattern. The LUS examinations were per-

formed with regular echocardiographic equipment with

the cardiac preset using a phased array (1.7–3.3 MHz)

transducer18,25 in sagittal orientation at an imaging depth

of 18–20 cm.

The LUS video clips were subsequently analyzed off-

line by a trained investigator (CE) using commercially

available software (EchoPAC version 203, GE Healthcare)

in consultation with an LUS expert (EP). The following

findings were recorded from each zone: (1) the maxi-

mum number of B-lines visualized in one intercostal

space in a freeze-frame (Figure 2A), (2) presence of

confluent B-lines (a single B-line comprising $ 50% of

the intercostal space without separation into individual

B-lines during the clip) (Figure 2B), (3) presence of a

subpleural consolidation (Figure 2C), and (4) presence

of a lobar consolidation (Figure 2D).

In order to incorporate the above findings into a single

parameter, a LUS score was constructed (Table 2,

Supplemental Material, see related supplemental material

at http://rc.rcjournal.com):

(1) LUS score: One point was assigned to each zone if

there was $ 3 B-lines, 2 points if a confluent B-line was

present, and 3 points for a subpleural or lobar consolidation.

If a zone had 2 findings, eg, both $ 3 B-lines and subpleu-

ral consolidation, the score would be determined based on

the highest attainable score for the individual LUS findings;

in the example provided, 3 points would be assigned based

on the presence of a subpleural consolidation (total score

range: 0–24 points). The LUS score was similar to the pre-

viously investigated aeration score.13,20,26-28

In addition, 2 B-line quantification methods previously

described in subjects with heart failure29 were investigated:

1) Total number of B-lines: We also calculated the total

number of B-lines per patient as the sum of the maximum

number of B-lines in each of the 8 zones.29 To include

observations with confluent B-lines in the parameter total

number of B-lines, confluent B-lines were counted as the

highest number of B-lines assigned to a single zone in this

data set (7 B-lines).

2) $ 3 B-lines in $ 2 zones on each hemithorax: Based

on a method commonly used in patients with acute heart

failure for the detection of pulmonary edema, we consid-

ered $ 3 B-lines in $ 2 bilateral zones as diagnostic for

bilateral pneumonitis (yes/no).30

Subjects also underwent an echocardiogram at the time

of the LUS. The echocardiogram was performed by the

same investigators who performed the LUS. The echocar-

diographic findings have been published previously.21,22

The primary end point was the composite in-hospital out-

come of incident ARDS (as defined by the Berlin criteria,23

Supplemental material, Table 1, see related supplemental

material at http://rc.rcjournal.com), ICU admission, and in-

hospital all-cause mortality. Adjudication of events was

based on review of the subjects’ electronic medical records.

Subjects were followed until June 17, 2020, by which all

subjects were either discharged or had died.

Baseline clinical and demographic characteristics and

LUS findings were stratified according to the composite in-

hospital outcome of incident ARDS, ICU admission, and

all-cause mortality. Continuous variables were compared

using the Student t test or Wilcoxon rank-sum test for nor-

mally and non-normally distributed variables, respectively.

Categorical variables were compared using Fischer exact or

chi-square test as appropriate. We assessed the correlation

between LUS findings (LUS score and total number of B-

lines) and markers of disease severity (C-reactive protein,

ferritin, procalcitonin, lymphocyte count, D-dimer, and

level of oxygen therapy) or markers of cardiac stress (NT-

proBNP and troponin I/T) using Spearman correlation coef-

ficient. Intra-reader agreement analysis for the total number

of B-lines (total of 8 zones) was performed in 15 randomly

selected subjects using Bland-Altman analysis. Unadjusted

and adjusted logistic regression models were used to inves-

tigate the association between LUS findings at baseline and
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Table 1. Baseline Characteristics Stratified According to the In-Hospital Composite Outcome of Incident ARDS, ICU Admission, and All-Cause

Mortality (n ¼ 168)

Demographics Subjects, n
All Subjects

(N ¼ 168)

No ARDS, ICU

Admission, or All-Cause

Mortality (n ¼ 137)

ARDS, ICU Admission,

or All-Cause

Mortality (n ¼ 31)

P

Age, y (SD) 168 69 (13) 68 (14) 72 (10) .13

Male 168 94 (56%) 72 (53%) 22 (71%) .07

Clinical characteristics

BMI, kg/m2 (SD) 168 26 (5) 26 (5) 27 (6) .59

Smoking status 151 .050

Active/previous 90 (60%) 69 (56%) 21 (78%)

Never 61 (40%) 55 (44%) 6 (22%)

Pack-years (IQR) 81 20 [10–45] 20 [10–45] 25 [6–48] .91

COPD 168 26 (15%) 23 (17%) 3 (10%) .32

Asthma 168 31 (18%) 30 (22%) 1 (3%) .018

Other lung disease* 167 12 (7%) 8 (6%) 4 (13%) .15

Hypertension 168 93 (55%) 74 (54%) 19 (61%) .46

Diabetes 166 44 (27%) 36 (27%) 8 (26%) > .99

Atrial fibrillation or flutter 168 33 (20%) 27 (20%) 6 (19%) .99

Heart failure 168 17 (10%) 12 (9%) 5 (16%) .32

History of deep vein thrombosis or

pulmonary embolism

168 16 (10%) 13 (9%) 3 (10%) > .99

Chronic kidney disease 167 27 (16%) 19 (14%) 6 (26%) .11

Active or prior cancer 168 41 (24%) 29 (1%) 12 (39%) .040

CAD (AMI, PCI, or CABG) 168 15 (9%) 10 (7%) 5 (16%) .16

Baseline medications

ACEi/ARB 168 50 (30%) 43 (31%) 7 (23%) .39

b -blockers 168 34 (20%) 26 (19%) 8 (26%) .46

Calcium channel blockers 168 34 (20%) 29 (21%) 5 (16%) .63

Mineralocorticoid antagonists 168 14 (8%) 11 (8%) 3 (10%) .72

Diuretics 168 53 (32%) 41 (30%) 12 (39%) .34

SGLT2 inhibitors 167 7 (4%) 7 (5%) 0 .35

Immunosuppressants 168 14 (8%) 12 (9%) 2 (6%) .67

Oral steroids 168 14 (8%) 9 (7%) 5 (16%) .08

Vital signs at the day of study

enrollment

Systolic blood pressure, mm Hg (SD) 168 126 (20) 128 (20) 119 (18) .025

Diastolic blood pressure, mm Hg

(SD)

167 73 (11) 74 (11) 68 (12) .009

Heart rate, beats/min (SD) 142 78 (16) 77 (14) 83 (20) .06

Temperature, celsius (SD) 168 37.1 (0.7) 37.1 (0.7) 37.4 (0.8) .012

Breathing frequency, breaths/min (IQR) 167 18 [17–20] 18 [17–20] 20 [18–24] .13

Oxygen saturation,† % (IQR) 168 95 [94–97] 95 [94–96] 95 [94–97] .43

Oxygen therapy 165 85 (52%) 64 (47%) 21 (75%) .006

Level of oxygen therapy, L/min (IQR) 85 2.0 [1.0–4.0] 2.0 [1.0–3.0] 4.0 [2.0–10.0] .001

Baseline laboratory tests

Hemoglobin, mmol/L (SD) 167 29.2 (12.5) 30.3 (12.4) 24.3 (12.2) .016

Ferritin, mg/L (IQR) 134 629 [301–1,270] 620 [244–1,270] 720 [465–1,400] .11

Leucocytes, mmol/L (IQR) 167 6.1 [4.4–8.4] 6.0 [4.4–8.4] 6.2 [4.2–9.5] .69

Lymphocytes, mmol/L (IQR) 165 1.1 [0.7–1.5] 1.1 [0.8–1.5] 0.9 [0.5–1.2] .010

Neutrophils, mmol/L (IQR) 164 4.1 [2.9–6.2] 3.9 [2.9–5.8] 4.9 [3.1–7.2] .18

Procalcitonin mg/L (IQR) 70 0.18 [0.08–0.55] 0.13 [0.08–0.37] 0.35 [0.18–0.87] .033

C-reactive protein, mg/L (IQR) 167 58 [26–95] 55 [20–88] 90 [46–160] < .001

eGFR, mL/min/1,73m2 (IQR) 168 86.4 [62.5–108.2] 90.2 [69.2–110.0] 71.9 [36.9–95.6] .008

Troponin T, ng/L (IQR) 79 18.0 [4.0–29.0] 18.0 [4.0–27.0] 18.0 [13.0–35.0] .45

Troponin I, ng/L (IQR) 51 14.0 [8.0–41.0] 11.0 [6.4–36.0] 26.5 [14.0–120.0] .027

(Continued)
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the composite in-hospital outcome of incident ARDS, ICU

admission, and all-cause mortality. Model 1 was adjusted for

age and sex, as these variables have been shown to be associ-

ated with mortality in subjects with COVID-19.31 Models

were checked for interactions between LUS findings and

time to LUS and level of oxygen requirement. To account

for missing zones on LUS, 3 additional logistic regression

analyses were conducted as sensitivity analyses: (1) a model

with the LUS score or B-line number adjusted for the num-

ber of missing zones (n ¼ 168), (2) an unadjusted model

with the LUS score or B-line number based on only 6

zones32 (excluding the basal zones on each hemithorax

[zones 4 and 8]) (n ¼ 168), and (3) an unadjusted model

with the LUS score or B-line number based on only 6 zones

(excluding the basal zones on each hemithorax [zones 4 and

8]) and excluding observations with missing zones (n ¼
144). Statistical analyses were performed using Stata SE ver-

sion 14.1 (StataCorp, College Station, Texas). A 2-sided P
value of<. 05 was considered statistically significant.

Results

Of the 215 enrolled subjects, 38 subjects had ARDS or

were admitted to the ICU prior to the LUS examination

(ARDS: n¼ 32, ICU admission: n¼ 19) and 9 subjects did

not have a LUS performed or had uninterpretable LUS

images for all 8 zones (Fig. 3). Therefore, 168 subjects

were included in this analysis. Mean age was 69 6 13 y,

and 56% of subjects were male. Median time from admis-

sion to LUS examination was 3 d (interquartile range [IQR]

2–6).

Baseline demographic and clinical characteristics are

summarized in Table 1. There were no significant differen-

ces with regard to demographic characteristics, body mass

index (BMI), and medications at baseline between subjects

who experienced the composite outcome and those who did

not. Interestingly, subjects who did not experience the com-

posite outcome were more likely to have a diagnosis of

asthma at baseline. Subjects who experienced the compos-

ite outcome were more often treated with supplemental

Table 1. Continued

Demographics Subjects, n
All Subjects

(N ¼ 168)

No ARDS, ICU

Admission, or All-Cause

Mortality (n ¼ 137)

ARDS, ICU Admission,

or All-Cause

Mortality (n ¼ 31)

P

D-dimer, mg/L (IQR) 140 1.1 [0.6–2.1] 1.0 [0.6–1.9] 1.9 [0.8–3.5] .049

NT-proBNP, ng/L (IQR) 124 389.4 [131.7–1,586.9] 378.9 [117.6–1,403.9] 811.0 [263.9–7,543.6] .020

Data are presented as n (%) unless otherwise noted.

*Other lung disease includes lung fibrosis, sarcoidosis, cystic fibrosis, lung cancer, lung transplant, etc.

†Oxygen saturation was recorded on oxygen therapy for those subjects receiving oxygen therapy, otherwise recorded without.

BMI ¼ body mass index

IQR ¼ interquartile range

CAD ¼ coronary artery disease

AMI ¼ acute myocardial infarct

PCI ¼ percutaneous coronary intervention

CABG ¼ coronary artery bypass graft

ACEi ¼ ACE-inhibitors

ARB ¼ angiontension receptor blockers

SGLT2 ¼ sodium-glucose co-transporter-2

eGFR ¼ estimated glomerular filtration rate

Fig. 1. Overview of evaluated 8 LUS zones with A: anterior and lat-

eral zones and B: lateral zones. LUS¼ Lung ultrasound.

Fig. 2. Examples of LUS images with A: 4 B-lines, B: a confluent B-
line, C: a subpleural consolidation, and D: a lobar consolidation.
LUS¼ Lung ultrasound.
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oxygen and with higher levels of oxygen at baseline (me-

dian 4 L/min vs 2, P ¼ .001). Moreover, subjects with the

composite outcome had higher markers of disease severity

at baseline with higher median C-reactive protein levels

(90 mg/L vs 55, P < .001) and median procalcitonin levels

(0.35 mg/L vs 0.13, P ¼ .033). Subjects with the composite

outcome also had worse renal function with lower

median estimated glomerular filtration rate levels (71.9

mL/min/1.73m2 vs 90.2, P ¼ .008) and higher median tro-

ponin I (26.5 ng/L vs 11.0, P ¼ .027), NT-proBNP (811.0

ng/L vs 378.9, P ¼ .020), and D-dimer (1.9 mg/L vs 1.0,

P¼ .049) levels.

Of the 168 subjects included in the analysis, 47 subjects

(28%) had$ 1 missing zone on LUS due to uninterpretable

images. The median number of missing zones was 1 (IQR

1–2). One hundred and thirty-three (79%) subjects had$ 3

B-lines, 28 (17%) had confluent B-lines, and 17 (10%) had

subpleural or lobar consolidations in$ 1 zones on LUS. In

total, 136 subjects (81%) had any pathologic finding (eg,

$ 3 B-lines, confluent B-lines, or subpleural or lobar con-

solidations) in at least 1 zone on LUS. The median number

of zones with pathologic findings was 2 (IQR 1–4), and 32

subjects (19%) had$ 3 B-lines in$ 2 zones on each hemi-

thorax corresponding with bilateral pneumonitis (Table 2).

With regard to the intra-reader agreement for the total num-

ber B-lines (total of 8 zones), the mean B-line difference in

15 subjects from the re-analysis to the original analysis was

�1.6 (95% limits of agreement�6.3 to 3.1). There were no

differences in LUS findings in subjects with and without

heart failure or other lung disease at baseline (eg, lung fi-

brosis, sarcoidosis) (data not shown).

The LUS findings were associated with several markers

of disease severity (Table 3). Among subjects with avail-

able laboratory data, there was a significant positive corre-

lation between the LUS findings (LUS score and total

number of B-lines) and CRP, ferritin, and level of oxygen

therapy. Moreover, there was a significant inverse relation-

ship between LUS findings (LUS score and total number of

B-lines) and lymphocyte levels. However, LUS findings

were not associated with D-dimer or procalcitonin levels.

Moreover, LUS findings were not associated with markers

of cardiac injury or stress as measured with troponin I/T

and NT-proBNP levels (Table 3).

Among the 168 included subjects, 24 subjects (14%)

developed ARDS, 9 (5%) were admitted to the ICU, and 17

(10%) died in hospital during follow-up (Supplemental

Material, Table 3, see related supplemental material at

http://rc.rcjournal.com). In total, 31 subjects (18%) experi-

enced the composite outcome of incident ARDS, ICU

admission, or all-cause mortality during the hospital stay af-

ter the LUS examination. The median number of d from

study enrollment to event or discharge for the entire cohort

was 3 d (IQR 1–7). For those admitted to the ICU after

Table 2. Baseline LUS Findings Stratified According to the In-Hospital Composite Outcome of Incident ARDS, ICU Admission, and All-Cause

Mortality (n ¼ 168)

LUS
All Subjects

(n ¼ 168)

No ARDS, ICU

Admission, or All-Cause

Mortality (n ¼ 137)

ARDS, ICU Admission,

or All-Cause

Mortality (n ¼ 31)

P

Time from admission to ultrasound, d (IQR) 3 [2–6] 3 [2–6] 3 [1–5] .29

$ 1 zone with $ 3 B-lines 133 (79%) 107 (78%) 26 (84%) .63

$ 1 zone with confluent B-lines 28 (17%) 23 (17%) 5 (16%) > .99

$ 1 zone with subpleural or lobar consolidation 17 (10%) 14 (10%) 3 (10%) > .99

$ 3 B-lines in $ 2 bilateral zones 32 (19%) 23 (17%) 9 (29%) .13

LUS score (IQR) 2 [1–5] 2 [1–5] 2 [1–6] .48

Total number of B-lines (IQR) 13 [8–21] 13 [8–20] 14 [7–24] .57

Data are presented as n (%) unless otherwise noted.

LUS ¼ lung ultrasound

IQR ¼ interquartile range

Subjects enrolled
215

Subjects analyzed
168

Subjects
177

ARDS prior to ultrasound: 32
ICU admission prior to
ultrasound: 19

Missing lung ultrasound
examination: 9

Excluded
38

Fig. 3. Flow chart.
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enrollment (n¼ 9), the median number of d from admission

to discharge or death was 21 d (IQR 17–26).

The number of subjects with $ 3 B-lines, confluent B-

lines, and subpleural or lobar consolidations in $ 1 zones

on LUS did not differ significantly between subjects with

an event versus those without, neither did the number of

zones with pathologic findings on LUS (P ¼ .40). The pro-

portion of subjects with bilateral pneumonitis was numeri-

cally higher in subjects with the composite outcome but did

not reach statistical significance (29% vs 17, P ¼ .13).

None of the other LUS quantification methods differed sig-

nificantly between the 2 groups.

There were no significant associations between LUS find-

ings at baseline and the in-hospital composite outcome in

unadjusted or adjusted logistic regression analyses (Table 4).

There were no significant interactions between LUS findings

and time to LUS or supplemental oxygen requirement. For

each of the 3 sensitivity analyses described in the Methods

section, the direction and significance of the association

between LUS findings and the composite in-hospital out-

come remained similar (Supplemental Material, Table 4, see

related supplemental material at http://rc.rcjournal.com).

Furthermore, in a sensitivity analysis of subjects with # 2

missing zones (n¼ 159), the associations between LUS find-

ings and outcome remained similar (data not shown).

Discussion

In this prospective, multi-center, observational study of

non-ICU hospitalized subjects with laboratory-confirmed

SARS-CoV-2, pathologic findings on LUSwere common af-

ter a median of 3 d after admission. LUS findings were

associated with several markers of disease severity, including

C-reactive protein, oxygen therapy, and lymphocyte count.

However, in this cohort there were no significant differences

in the LUS findings between subjects who experienced the

composite outcome of incident ARDS, ICU admission, or

all-cause mortality during the hospital stay and those who

did not. Despite similar LUS findings, subjects who experi-

enced the composite outcome had higher markers of disease

severity including higher temperature, C-reactive protein,

and procalcitonin levels and were treated with higher levels

of oxygen. To our knowledge, this was one of the largest

prospective, multi-center studies investigating LUS findings

in subjects with COVID-19 and their association with in-hos-

pital outcomes of incident ARDS, ICU admission, or all-

cause mortality.

LUS is a useful tool in critically ill patients and can be

used to detect and quantify pulmonary congestion29 and

rule out pneumothorax33 among other conditions. The non-

invasive, rapid performance makes LUS highly applicable

in the acute setting for diagnosis and early triaging in

patients with COVID-19 pneumonia. Similar to prior inves-

tigations, we found that pathologic findings on 8-zone LUS

were common in this cohort of non-ICU hospitalized sub-

jects with COVID-19 after a median of 3 d after admission.

In our cohort, 81% of subjects had a pathologic finding in

at least 1 zone. In comparison, Bonadia et al34 and Casella

et al35 found that 93% and 96% of subjects had a pathologic

finding on LUS, and Brahier et al36 found that 91% had an

abnormal LUS in the emergency department (ED).

In order to incorporate the different LUS findings in a sin-

gle parameter, we investigated a LUS score that followed a

similar approach to the aeration score ranging from 0–3 per

zone,13,20,26-28 although in our study it was based on an 8

rather than a 12-zone protocol. As lung involvement in sub-

jects with COVID-19 is most often detected in the posterior

Table 3. Correlation Between LUS Findings and Laboratory Markers

of Disease Severity Using Spearman Correlation Coefficients

Marker of Disease Severity

LUS Findings

LUS Score
Total Number of

B-lines

C-reactive protein (n ¼ 167) 0.30, P < .001 0.29, P < .001

Ferritin (n ¼ 134) 0.27, P ¼ .002 0.24, P ¼ .006

Procalcitonin (n ¼ 70) �0.004, P ¼ .98 0.03, P ¼ .81

Lymphocyte count (n ¼ 165) �0.21, P ¼ .008 �0.19, P ¼ .013

D-dimer (n ¼ 140) 0.12, P ¼ .16 0.09, P ¼ .28

Oxygen therapy* (n ¼ 165) 0.33, P < .001 0.31, P < .001

Markers of cardiac injury/stress LUS Score Total Number of

B-lines

Troponin T (n ¼ 79) 0.02, P ¼ .86 0.13, P ¼ .26

Troponin I (n ¼ 51) �0.04, P ¼ .78 �0.005, P ¼ .97

NT-proBNP (n ¼ 124) 0.03, P ¼ .76 0.03, P ¼ .78

*Oxygen therapy was recorded in L/min and recorded as 0 L/min for those patients who did not

receive supplemental oxygen.

LUS ¼ lung ultrasound

Table 4. The Association Between LUS Findings and the In-Hospital

Composite Outcome of Incident ARDS, ICU Admission, and All-Cause

Mortality Using Logistic Regression (n ¼ 168)

ARDS, ICU Admission,

or All-Cause Mortality

Odds Ratio (95% CI) P

Unadjusted Model

LUS score, per 1-point increase 1.05 (0.92–1.19) .51

Total number of B-lines, per 3 B-lines 1.04 (0.91–1.19) .57

$ 3 B-lines in $ 2 bilateral zones 2.03 (0.83–4.97) .12

Model 1*

LUS score, per 1-point increase 1.04 (0.90–1.19) .60

Total number of B-lines, per 3 B-lines 1.03 (0.89–1.18) .72

$ 3 B-lines in $ 2 bilateral zones 1.83 (0.72–4.63) .20

*Model 1: adjusted for age and sex.

LUS ¼ lung ultrasound.

LUNG ULTRASOUND FINDINGS IN COVID-19 ARDS

RESPIRATORY CARE � � � VOL � NO � 7

RESPIRATORY CARE Paper in Press. Published on November 23, 2021 as DOI: 10.4187/respcare.09108

Copyright (C) 2021 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE

http://rc.rcjournal.com


areas based on CT findings, imaging of posterior zones will

likely improve sensitivity of the LUS examination.37,38

However, as this was not yet known at the time the present

study was designed, our LUS protocol did not include poste-

rior zones, which may have resulted in a lower rate of detec-

tion of LUS findings in some subjects. Despite the

evaluation of only anterior and lateral zones in our study,

there was a high prevalence of abnormal LUS findings in

this cohort, and the LUS score and total number of B-lines

correlated significantly with laboratory markers of disease

severity.

Although COVID-19 pneumonia has some distinctive

features on LUS, there is currently no finding on LUS that is

pathognomonic of COVID-19 pneumonia.13,39 B-lines on

LUS can be seen in various disease processes including

pneumonia, pulmonary congestion, and ARDS.39 LUS find-

ings related to COVID pneumonia, non-COVID viral

pneumonia/pneumonitis, and ARDS may, therefore, over-

lap. Moreover, patients with severe COVID-19 pneumonia

often meet the Berlin criteria for ARDS, even though

COVID-19 pneumonia is a distinct disease.40 In order to sys-

tematically examine the differences between ARDS, COVID

pneumonia, and non-COVID viral pneumonia/pneumonitis,

future prospective studies are needed in which LUS images

are interpreted off-line by readers blinded to the ultimate

diagnoses.

Although we did not find a statistically significant asso-

ciation between LUS findings and the composite outcome

of incident ARDS, ICU admission, or all-cause mortality in

our cohort, prior single-center studies in subjects with

COVID-19 have demonstrated significant associations

between LUS findings and adverse outcomes.20,28,34,36,41-43

An important difference to note is that the LUS examina-

tions in our study were performed in hospitalized subjects

with a median time from admission to LUS of 3 d. In 3

smaller, prospective studies, the LUS examinations were

performed in subjects presenting to the ED.34,36,41 Five stud-

ies20,28,35,42 investigated the prognostic value of LUS in hos-

pitalized subjects with COVID-19. However, unlike our

study, the LUS examinations were performed on the d of

admission or within 24 or 48 h of admission. In 2 retrospec-

tive studies, LUS aeration score based on 12-zone LUS

examinations was associated with adverse outcome and

critical illness in 120 and 211 hospitalized subjects, respec-

tively.20,28 Additionally, a LUS score based on 8-zone LUS

could distinguish between critical-type patients versus

severe-type patients in 128 critically ill patients with

COVID-19.43 In a prospective study in 52 subjects, Perrone

et al42 found that the LUS score on a 14-zone LUS was

associated with clinical worsening (defined as a combina-

tion of high-flow oxygen support, ICU admission, and 30-d

mortality). Moreover, in a prospective study of 190 hospi-

talized subjects, total LUS score within 48 h of admission

was associated with an increased risk of death and transfer

to the ICU in univariable but not multivariable analyses.35

In a subset of subjects with an additional LUS performed

after 72 h of admission, the total LUS score was associated

with an increased risk of death and transfer to the ICU in

both univariable and multivariable analyses.35

The difference in the timing of the LUS, the study popu-

lation (in-patient/out-patient, number of included subjects),

study design (retrospective/prospective), and the LUS

imaging protocols may explain the differences in LUS find-

ings and association with outcome in our study compared

to the prior investigations. Some of the subjects in our study

might have already been improving as the LUS was per-

formed a median of 3 d (IQR 2–6) after admission.

Furthermore, the wide range of d from admission to LUS

may have led to subjects being in different stages of the dis-

ease at the time of the LUS. As a team of investigators vis-

ited the 8 different hospitals during the study period and

enrolled hospitalized patients with COVID-19, it was not

feasible to strictly perform the LUS within 24 h of admis-

sion. Moreover, although the prior studies used a LUS score

of 0–3 to quantify the LUS findings in each zone, the LUS

imaging protocols and the total number of zones evaluated

varied across the different studies (8–14 zones). The differ-

ing LUS imaging protocols make it difficult to compare

findings across studies and warrant a standardized LUS

imaging and quantification approach for future studies in

order to better compare the results. The international expert

consensus statement on the use of LUS in patients with

COVID-19 also recommend standardization of zones and

scanning techniques.18 However, similar to the results of

our study, the LUS score was not associated with outcomes,

the occurrence of death on d 28, in a multi-center, retro-

spective study in 57 subjects with COVID-19 admitted to

the ICU for acute respiratory failure.44 Thus, there are con-

flicting results regarding the association between LUS find-

ings and outcomes in patients with COVID-19, and

standardization of LUS imaging protocols could facilitate

comparison across the studies. Interestingly, comorbidities

such as obesity, hypertension, diabetes, and COPD were

not associated with the in-hospital outcomes in our study.

This could be due to a low prevalence of these comorbid-

ities in this cohort as compared to other cohorts, eg, lower

BMI. Alternatively, the low event rate may not have

allowed to assess these associations.

Our study findings should be considered in the context of

their limitations. First, we did not include LUS-specific

exclusion criteria for this study; eg, subjects were included

irrespective of whether they had pulmonary fibrosis, lung

cancer, or were on dialysis. Second, our imaging protocol

did not include scanning of posterior zones that are com-

monly affected in patients with COVID-19 pneumonia. In

addition, a subset of subjects had uninterpretable images,

most commonly in the lateral zones just above the dia-

phragm (zones 4 and 8). Since some of the subjects were
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very ill and optimal positioning of patients was sometimes

challenging, it was difficult to acquire some of the LUS

images, in particular zones 4 and 8. Third, we only

observed a limited number of events, which only allowed

us to adjust for 2 important variables in the logistic regres-

sion analyses. Moreover, our study may not have enrolled

an adequate number of subjects or observed an adequate

number of events to detect a statistically significant associa-

tion between LUS findings and the composite outcome.

The proposed number of enrolled subjects (n ¼ 1,000) was

estimated prior to the peak of the pandemic in Denmark.

The number of hospitalized COVID-19 patients did not

reach as many as initially anticipated. Therefore, we were

not able to enroll as many subjects as initially proposed.

The association between LUS findings and in-hospital

events should, therefore, be investigated further in larger,

prospective studies with the use of standardized imaging

protocols. This would also allow for end points to be eval-

uated individually and not as part of a composite outcome.

Conclusions

Among non-ICU hospitalized subjects with COVID-19,

pathologic findings on LUS were common a median of 3 d

after admission and were associated with laboratory

markers of disease severity. However, there were no appa-

rent differences in LUS findings between subjects who

developed ARDS, were admitted to the ICU, or died during

hospitalization and those without an event. These findings

should be investigated further in larger, prospective studies.
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