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Abstract 

Purpose: Information regarding the use of lung ultrasound (LUS) in patients with Coronavirus disease 2019 (COVID-

19) is quickly accumulating, but its use for risk stratification and outcome prediction has yet to be described. We 

performed the first systematic and comprehensive LUS evaluation of consecutive patients hospitalized with COVID-19 

infection, in order to describe LUS findings and their association with clinical course and outcome.

Methods: Between 21/03/2020 and 04/05/2020, 120 consecutive patients admitted to the Tel Aviv Medical Center 

due to COVID-19, underwent complete LUS within 24 h of admission. A second exam was performed in case of clini-

cal deterioration. LUS score of 0 (best)—36 (worst) was assigned to each patient. LUS findings were compared with 

clinical data.

Results: The median baseline total LUS score was 15, IQR [7–20]. Baseline LUS score was 0–18 in 80 (67%) patients, 

and 19–36 in 40 (33%) patients. The majority had patchy pleural thickening (n = 100; 83%), or patchy subpleural 

consolidations (n = 93; 78%) in at least one zone. The prevalence of pleural thickening, subpleural consolidations and 

the total LUS score were all correlated with severity of illness on admission. Clinical deterioration was associated with 

increased follow-up LUS scores (p = 0.0009), mostly due to loss of aeration in anterior lung segments. The optimal 

cutoff point for LUS score was 18 (sensitivity = 62%, specificity = 74%). Both mortality and need for invasive mechani-

cal ventilation were increased with baseline LUS score > 18 compared to baseline LUS score 0–18. Unadjusted hazard 

ratio of death for LUS score was 1.08 per point [1.02–1.16], p = 0.008; Unadjusted hazard ratio of the composite end-

point (death or need for invasive mechanical ventilation) for LUS score was 1.12 per point [1.05–1.2], p = 0.0008.

Conclusion: Hospitalized patients with COVID-19, at all clinical grades, present with pathological LUS findings. Base-

line LUS score strongly correlates with the eventual need for invasive mechanical ventilation and is a strong predictor 

of mortality. Routine use of LUS may guide patients’ management strategies, as well as resource allocation in case of 

surge capacity.
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Introduction

�e main manifestation of Coronavirus disease 2019 

(COVID-19) is viral pneumonia, that may evolve to 

severe acute respiratory distress syndrome (ARDS) [1, 

2]. Severe cases require intensive care treatment and pro-

longed mechanical ventilation, and often manifest multi-

organ involvement such as hemodynamic instability, 

myocardial injury, renal dysfunction and coagulopathy 

[3]. Parameters reported to correlate with poor outcome 

are older age, comorbidities, high sequential organ fail-

ure assessment (SOFA) score, lymphopenia, elevated tro-

ponin and d-dimer greater than 1 mg/L [4].

Bilateral lung infiltrates on computed tomography (CT) 

is the hallmark of severe disease, but can also appear in 

asymptomatic patients or precede respiratory symp-

toms by days [5]. �e use of lung ultrasound (LUS) as a 

diagnostic tool in critically ill patients, for assessment 

of response to treatment as well as for follow-up, has 

become common practice [6–12].Moreover, its use has 

been recommended as standard of care [13]. Findings 

on LUS correlate with clinical course similar to find-

ings on high resolution CT [14, 15] in various patient 

populations. Combining this powerful tool with bedside 

echocardiography allows rapid thorough assessment of 

cardiovascular and respiratory status of the patient and 

thus guidance of further treatment [16–18]. �e cardiac 

manifestations of COVID-19 using bedside echocardiog-

raphy were recently published [19]. Yet, although the out-

break of COVID-19 started months ago, systematic LUS 

evaluation of patients for risk stratification and man-

agement guidance has not been introduced into routine 

practice, perhaps because of the risk of infection spread-

ing. To this end, we performed comprehensive LUS 

exams in consecutive COVID-19 hospitalized patients.

Methods
We studied 120 consecutive adult patients with COVID-

19 admitted to the medical ward or intensive care 

unit (ICU) at the Tel Aviv Medical Center, between 

21/03/2020 and 04/05/2020. All patients had a diag-

nosis of COVID-19 confirmed by a positive reverse-

transcriptase polymerase chain reaction assay for 

SARS-CoV-2 in a respiratory tract sample. Demographic 

data, comorbid conditions, medications, physical exami-

nation, and laboratory findings were systematically 

recorded. Patients were risk stratified according to their 

COVID-19 modified early warning score (COVID-19 

MEWS, Supplemental Table I) and SOFA score [20, 21]. 

At the beginning of the COVID-19 pandemic, we initi-

ated a prospective program of performance of LUS on 

admission and on deterioration for all patients present-

ing with respiratory illness due to COVID-19 infection, 

using a pre-defined step-by-step protocol, as part of a 

routine patient care protocol. All patients underwent 

comprehensive LUS combined with bedside echocar-

diography within 24  h of admission. Patients who then 

experienced clinical deterioration underwent a repeated 

exam. Clinical deterioration was defined as either res-

piratory (acute new onset hypoxemia requiring mechani-

cal ventilation, veno-venous extracorporeal membrane 

oxygenation, or both), or hemodynamic (persistent 

hypotension requiring vasopressors to maintain mean 

arterial pressure ≥ 65  mmHg or having serum lactate 

level > 2 mmol/L despite adequate volume resuscitation). 

�is is a retrospective study of the prospectively and sys-

tematically collected data on the lung ultrasound exams 

performed. �e ethics committee of the Tel Aviv Medical 

Center approved the study, IRB number 0196-20-TLV.

Follow-up and outcomes

Clinical follow-up was obtained by daily review of all 

medical records. Outcome analysis started at time of 

baseline LUS exam. Endpoints studied were: all-cause 

mortality and composite endpoint comprised of death or 

new need for invasive mechanical ventilation. �e data 

that support the findings of this study will be available 

from the corresponding author upon reasonable request.

Lung ultrasound

We performed LUS on all patients with COVID-19 using 

a six-zone method for each lung that included a scan of 

the anterior, antero-lateral, and postero-lateral aspects of 

the thorax. Examinations were performed by three cardi-

ologists with expertise in LUS recording and interpreta-

tion using the same equipment (CX 50, Philips Medical 

Systems, Bothell, WA), with the same phased-array probe 

used for echocardiography. Each LUS lasts between 

2–3  min, with the patient supine or semi-supine, omit-

ting the need for position change during the examina-

tion. A point scoring system was employed for each 

region and ultrasound pattern: A-lines (normal rever-

beration artifacts of the pleural line that when accompa-

nied by lung sliding correspond to normal aeration of the 

lung)  were equal to 0 point; B-lines  (hyperechoic lines 

vertical to the pleura line, arising from it and reaching the 

edge of the screen erasing A-lines, which represent rever-

beration artifact through edematous interlobular septa 

or alveoli)  were divided to B1 (separated B-lines that 

Take-home message 

LUS provides risk stratification and prediction of outcomes in 
COVID-19, and may guide management strategies, triage and 
resource allocation during a pandemic.
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correspond to moderate lung aeration loss) that was equal 

to 1 point, and B2 (coalescent B-lines that correspond to 

severe lung aeration loss) that was equal to 2 points; Lung 

consolidation that was equal to 3 points. �us, an LUS 

score of 0 was normal, and 36 was worst [7]. Examples of 

the different patterns are shown in Fig. 1. We also docu-

mented the presence of pleural thickening and defined 

a homogenous vs. patchy pattern of each examination. 

Pleural thickening was qualitatively determined, indicat-

ing irregular pleural line either in cases of sub-pleural 

consolidations or in cases of B-lines accompanied by 

irregular pleural line. In accordance to present guidelines 

[22], the following measures were undertaken to mini-

mize the risk of inadvertent infection: all studies were 

performed bedside at the designated COVID-19 wards 

using dedicated scanners that were tagged and set aside 

in each ward. Full personal protection equipment was 

used and LUS measurements were performed offline to 

reduce exposure time. Inter-observer variability for LUS 

score was determined by a second independent blinded 

and experienced observer, who measured the LUS score 

in 20 randomly selected patients. Inter-observer variabil-

ity was assessed using the Bland–Altman method and the 

within-subject coefficient of variation. �e within-sub-

ject coefficient of variation (calculated as the ratio of the 

standard deviation of the measurement difference to the 

mean value of all measurements) provides a scale-free, 

unitless estimate of variation expressed as a percentage.

Statistical analysis

Continuous normally distributed variables were pre-

sented as means ± SD and compared using the Student’s 

t test. Normality was assessed using the Shapiro–Wilk 

test and visual inspection of quantile- quantile plots. 

Fig. 1 Examples of different patterns of lung ultrasound findings. a A-lines, normal reverberation artifacts of the pleural line that correspond to 

normal aeration of the lung. b A single B-line that represents reverberation artifact through mildly edematous interlobular septa or alveoli that cor-

respond to moderate aeration lost. c Multiple coalescent B-lines that correspond to severe lung aeration loss. d Lung consolidation that correspond 

to complete aeration loss
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Non-normally distributed data were presented by 

median, 1st and 3rd quartiles and compared using the 

Wilcoxon rank sum test. Categorical data were compared 

between groups using the χ2 test, or Fisher’s exact test. 

LUS parameters in consecutive exams were compared 

using the signed Wilcoxon signed-rank test. Correla-

tion between change in positive end-expiratory pressure 

(PEEP) and change in LUS score was examined using 

Spearman’s rank correlation coefficient. Receiver-oper-

ating characteristic (ROC) curve analysis was used to 

determine optimal cutoff values of LUS score for 30-day 

events. �e best cutoff value was defined by Youden’s 

index calculation. Cox proportional hazards models for 

mortality or clinical deterioration as endpoints allowed 

for calculation of hazard ratios (HR) of baseline LUS 

parameters. p values of less than 0.05 were considered 

to indicate statistical significance. All data were analyzed 

with the JMP System software version 12.0 (SAS Insti-

tute, Inc, Cary, NC). All authors participated in designing 

the study, collecting and analyzing data, and drafting and 

revising the manuscript.

Results
During the study period, clinical data were collected 

for 135 consecutive patients hospitalized with COVID-

19. Fifteen patients were excluded because they did 

not undergo LUS due to hospital discharge ≤ 24  h (8 

patients), patient refusal (1 patient) and a “do not resusci-

tate/intubate” status in 6 patients. �us, the study group 

included 120 COVID-19 patients who underwent LUS 

evaluation. Table  1 shows baseline characteristics and 

LUS assessments of all patients, stratified by LUS score 

tertiles. Eighty patients (67%) had a baseline LUS score 

of 0–18, and 40 (33%) had an LUS score of 19–36. Mean 

age was 64.7 ± 18 years, 62% males. Comorbidities were 

present in 81% of patients, with hypertension being the 

most common, followed by diabetes and obesity. �e 

most common symptoms on admission were respiratory, 

followed by only fever, chest pain and fatigue. C-reactive 

protein (CRP), Troponin-I, brain natriuretic peptide 

(BNP) and D-dimer were elevated at baseline in 88%, 

28%, 37% and 69% of patients, respectively. Patients in 

the upper tertile of LUS score, compared to those in the 

lower tertiles, were older, had lower levels of hemoglobin, 

lymphocytes and albumin with higher levels of CRP, tro-

ponin, D-dimer and fibrinogen (p < 0.05 for all). �ey had 

lower ambient  O2 saturation and higher SOFA score and 

MEWS (p < 0.001 for all). Baseline mean left ventricular 

ejection fraction was 57.7 ± 5%, mean E/e′ was 10.3 ± 6.3 

and none of the echocardiographic parameters was sig-

nificantly different between the groups (p > 0.2 for all, 

Supplemental Table II). Bilateral infiltrates were the most 

common chest X-ray manifestation, found in 39% of 

patients. Pleural effusion and lobar infiltrates were rare 

(< 15% each).

None of the patients had normal LUS (A-lines accom-

panied by lung sliding  in all zones), or homogenous 

B-lines in all zones. Most patients had patchy pleural 

thickening (n = 100; 83%), or patchy subpleural consoli-

dations (n = 93; 78%) in at least one zone. Pleural effu-

sion was rare (n = 9, 8%). �e median total lung score was 

15, IQR [7–20]. Comparison of inter-observer variability 

for LUS score showed good agreement between meas-

urements: mean difference 0.1 ± 0.05 points, r = 0.92, 

p = 0.36. �e Bland–Altman plot showed a random scat-

ter of points around 0, indicating no systematic bias or 

measurement error proportional to the measurement 

value. Measurement variability (within-subject coeffi-

cient of variation) for measurements of inter-observer 

differences was 3.1%.

LUS and clinical severity grade

On admission (baseline LUS evaluation), 75 patients 

were stratified as having clinically mild disease (oxygen 

saturation ≥ 94% at room air), 31 as moderate disease 

(need for non-invasive oxygen) and 14 as severe disease 

(need for invasive mechanical ventilation). When com-

pared to patients with mild disease, patients with severe 

or moderate disease were more hypoxemic  (O2 satura-

tion of 86 ± 7, 88.7 ± 6% and 96.2 ± 3% in severe, moder-

ate and mild disease, respectively, p < 0.0001 for trend), 

more tachycardic, more pyretic, required more vasopres-

sor support and had higher levels of CRP, D-dimer and 

cardiac biomarkers (troponin-I, BNP). Results of LUS 

evaluation stratified by severity of disease are shown in 

Table 2. �e prevalence of pleural thickening, subpleural 

consolidations and the total LUS score were higher with 

worsening disease.

LUS and clinical deterioration

In 20 patients, sequential LUS exams were performed 

due to clinical deterioration (hemodynamic instability 

n = 4, respiratory deterioration n = 16). In this group of 

patients, total LUS score worsened mostly due to dete-

rioration in anterior segments grade (16/20, 80%) with 

amplification of B-lines and consolidations (Supplemen-

tal Table III). In seven patients, who were invasively ven-

tilated during baseline LUS and underwent a repeated 

LUS because of further deterioration, a significant posi-

tive correlation was found between the change in LUS 

score and the change in PEEP requirements (ρ = 0.87; 

p = 0.03).

Example of LUS of a patient at baseline and after clini-

cal deterioration is shown in Supplemental Fig. 1.
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Table 1 Baseline characteristics

Parameter All patients
n = 120

Lung ultrasound Score 0–18
n = 80

Lung ultrasound Score 19–36
n = 40

p value

Age, mean ± SD 64.7 ± 18.2 62 ± 19.1 70.1 ± 15 0.013

Male gender, n (%) 74 (61.7) 47 (59.8) 27 (67.5) 0.43

Cause of admission, (%) Respiratory (50)
Respiratory failure (5)
ECMO transfer (2)
CXR (1)
Fever (12)
Chest pain (9)
Fatigue (5)
Neurologic (2)
Gastrointestinal (3)
Comorbidity (3)
Asymptomatic (4)
Other (4)

Respiratory (45)
Respiratory failure (1)
ECMO transfer (1)
CXR (1)
Fever (13)
Chest pain (12)
Fatigue (7)
Neurologic (0)
Gastrointestinal (4)
Comorbidity (5)
Asymptomatic (6)
Other (5)

Respiratory (60)
Respiratory failure (13)
ECMO transfer (2)
CXR (0)
Fever (10)
Chest pain (2)
Fatigue (3)
Neurologic (5)
Gastrointestinal (2)
Comorbidity (0)
Asymptomatic (0)
Other (3)

0.021

Body surface area, mean (± SD) 1.8 ± 0.32 1.8 ± 0.3 1.8 ± 0.3 0.73

Medical history

 Ischemic heart disease, n (%) 21 (17.5) 13 (16.5) 8 (20) 0.62

 Congestive heart failure, n (%) 11 (9.2) 6 (7.6) 5 (12.5) 0.50

 S/P coronary artery bypass graft surgery, n (%) 7 (5.8) 4 (5.1) 3 (7.5) 0.69

 Atrial fibrillation/flutter, n (%) 21 (17.5) 11 (13.9) 10 (25) 0.20

 Transient ischemic attack/Stroke, n (%) 14 (11.7) 9 (11.4) 5 (12.5) 0.99

 Chronic kidney disease, n (%) 13 (10.8) 6 (7.6) 7 (17.5) 0.12

 Diabetes, n (%) 34 (28.3) 21 (26.6) 13 (32.5) 0.53

 Smoking, n (%) 13 (10.8) 9 (11.4) 4 (10) 0.99

 Hypertension, n (%) 67 (55.8) 43 (54.4) 24 (60) 0.70

Medications

 Angiotensin converting enzyme inhibitor, n (%) 18 (15) 12 (15.2) 6 (15) 0.99

 Angiotensin receptor blocker, n (%) 19 (15.8) 11 (13.9) 8 (20) 0.43

 Systemic corticosteroids, n (%) 3 (2.5) 1 (1.3) 2 (5) 0.26

 Other anti-inflammatories, n (%) 4 (3.3) 4 (5.1) 0 (0) 0.30

Baseline laboratory results

 Hemoglobin, g/dL, mean ± SD 13.1 ± 2.1 13.3 ± 1.9 12.5 ± 2.4 0.04

 White blood cells,  103/μL, median (IQR) 7.1 (5.3–9.7) 6.7 (5.1–9.4) 7.4 (5.9–12.4) 0.09

 Neutrophils,  103/μL, median (IQR) 4.7 (3.4–7.4) 4.3 (3.2–6.9) 6.1 (3.8–10.6) 0.015

 Lymphocytes,  103/μL, median (IQR) 1.1 (0.7–1.5) 1.2 (0.8–1.7) 0.8 (0.4–1.1)  < 0.001

 Creatinine, mg/dL, median (IQR) 0.9 (0.74–1.22) 0.89 (0.73–1.1) 0.94 (0.74–1.5) 0.33

 Blood urea nitrogen, mg/dL, median (IQR) 19 (12.75–27) 18 (14.5–25.5) 20 (14.2–35.7) 0.18

 Albumin, g/L, mean ± SD 38.54 ± 5.5 40.1 ± 5.1 35.5 ± 5.2  < 0.001

 C-reactive protein, mg/L, median (IQR) 55.4 (18.2–133.1) 35.3 (7.5–79.1) 127.3 (60.2–146.3)  < 0.001

 Troponin-I, ng/L, median (IQR) 11 (2–23.5) 6 (3–19) 19 (11–40.7)  < 0.001

 Brain natriuretic peptide, pg/mL, median (IQR) 39 (16–161.25) 32 (11–106.5) 56 (25.7–249) 0.07

 D-Dimer, mg/L, median (IQR) 0.83 (0.38–1.61) 0.7 (0.34–1.28) 1.06 (0.69–2.37) 0.002

 Fibrinogen, mg/dL, mean ± SD 541.22 ± 148.34 509.63 ± 142.82 584.9 ± 146.7 0.023

 Ferritin, ng/mL, median (IQR) 434.4 (199.68–1196.5) 410.95 (173.45–877.13) 537.9 (265.85–1650) 0.13

Baseline physical examination

 Heart rate, beats/minute, mean ± SD 83.85 ± 16.7 82.5 ± 17.1 86.5 ± 15.6 0.22

 Systolic blood pressure, mmHg, mean ± SD 133 ± 21.8 132.6 ± 22.1 133.7 ± 21.3 0.79

 Diastolic blood pressure, mmHg, mean ± SD 73.76 ± 16.4 75.7 ± 16.6 69.8 ± 16.2 0.07

 Ambient  O2 saturation, %, median (IQR) 95 (89–98) 97 (94–99) 89 (85–95.2)  < 0.001

 Temperature, Celsius, mean ± SD 37.23 ± 0.92 37.1 ± 0.8 37.4 ± 1 0.09

 Lung crepitations, n (%) 26 (22) 13 (17) 13 (33) 0.05
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Table 1 (continued)

Parameter All patients
n = 120

Lung ultrasound Score 0–18
n = 80

Lung ultrasound Score 19–36
n = 40

p value

Other baseline scores

 Sequential organ failure assessment score, 
median (IQR)

1 (0–2) 1 (0–2) 2 (1–5.5)  < 0.001

 Modified early warning score, median (IQR) 4 (2–7) 3 (1–5) 7 (4–12.4)  < 0.001

Baseline chest X-ray findings

 Lobar infiltrates, n (%) 14 (11) 10 (13) 4 (10) 0.73

 Bilateral infiltrates, n (%) 47 (39) 24 (30) 23 (58) 0.003

 Pleural effusion, n (%) 17 (14) 10 (13) 7 (18) 0.52

 Hilar congestion, n (%) 9 (8) 5 (6) 4 (10) 0.44

Baseline lung ultrasound

 Pleural effusion, n (%) 9 (7.5) 6 (7.5) 3 (7.5) 1.00

 Homogenous diffuse B-lines, n (%) 0 (0) 0 (0) 0 (0) NA

 Pleural thickening, n (%) 100 (83.3) 60 (75) 40 (100)  < 0.001

 Subpleural consolidations, n (%) 93 (77.5) 53 (66.3) 40 (100)  < 0.001

 Lung ultrasound score, median (IQR) 15 (7–20) 9.5 (5–15) 22 (20–24.75)  < 0.001

Table 2 Patients strati�ed by clinical presentation at baseline lung ultrasound

a At the time of baseline lung ultrasound evaluation patients were strati�ed to mild disease (oxygen saturation ≥ 94% at room air) in 75, moderate disease (need for 

non-invasive oxygen) in 31 and severe disease (need for mechanical ventilation) in 14

Parameter Clinical  gradea p value

Mild
n = 75

Moderate
n = 31

Severe
n = 14

Age, years, mean ± SD 64.2 ± 21 72.3 ± 13 72.5 ± 24 0.12

Male gender, n (%) 43 (57) 21 (67) 10 (71) 0.43

Modified early warning score, median (IQR) 3 (1–4) 7 (6–10) 13 (9–16)  < 0.0001

Temperature, Celsius, mean ± SD 37.1 ± 0.7 37.4 ± 0.8 37.8 ± 1.3 0.02

O2 saturation, %, mean ± SD 96.2 ± 3 88.7 ± 6 86.0 ± 7  < 0.0001

Heart Rate, beats/minute, mean ± SD 81.1 ± 15 85.2 ± 17 98.2 ± 20 0.005

Pressor requirement, n (%) 0 (0) 0 (0) 2 (13) 0.02

C-reactive protein, mg/L, mean ± SD 49.2 ± 45 106 ± 65 162.3 ± 68  < 0.0001

D-dimer, mg/L, median (IQR) 0.7 (0.3–1.1) 1.1 (0.7–1.7) 2.5 (1.8–3.8)  < 0.0001

Troponin-I, ng/L, median (IQR) 8 (4–18) 14 (7–31) 142 (19–213)  < 0.0001

Brain natriuretic peptide, pg/mL, median (IQR) 37 (14–105) 42 (24–197) 75 (57–223) 0.04

Lung Crepitation, n (%) 12 (16) 10 (32) 4 (28) 0.22

Baseline chest X-ray

 Bilateral infiltrates, n (%) 21 (28) 17 (55) 9 (64) 0.004

 Lobar infiltrates, n (%) 6 (8) 6 (19) 2 (14) 0.33

 Pleural effusion, n (%) 6 (8) 7 (23) 4 (29) 0.04

 Hilar congestion, n (%) 2 (3) 6 (19) 1 (7) 0.03

Baseline lung ultrasound

 Pleural effusion, n (%) 3 (4) 5 (16) 1 (7) 0.11

 Homogenous diffuse B-lines, n (%) 0 (0) 0 (0) 0 (0) NS

 Pleural thickening, n (%) 57 (73) 30 (97) 13 (93) 0.009

 Subpleural consolidations, n (%) 53 (71) 27 (87) 13 (93) 0.04

 Lung ultrasound score, median (IQR) 12 (5–18) 19 (14–22) 23 (16–28)  < 0.0001
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LUS and survival

�ere were 23 deaths during follow-up [mean follow-up 

period 31  days, IQR (20–40) days]. Presence of pleural 

effusion, pleural thickening and high total LUS score at 

baseline examination were each significantly associated 

with increased mortality (Supplemental Table IV).

�e optimal cutoff point for LUS score was 18—using 

the highest Youden’s index in the ROC analysis for 30-day 

mortality (AUC 0.76; sensitivity = 62%, specificity = 74%). 

Survival was reduced with total LUS score > 18 vs. LUS 

score ≤ 18 (66 ± 20% vs. 88 ± 11% for 30-day survival; 

p = 0.01). Kaplan–Meier survival curve (Fig.  2a) shows 

lower survival with total LUS score > 18 compared to 

lower LUS score. Unadjusted hazard ratio of death for 

total LUS score was 1.08 [1.02–1.16] per point, p = 0.008. 

�e unadjusted hazard ratio of death for high risk LUS 

score (> 18) was 2.65 [1.14–6.3], p = 0.02, suggesting a 

2.6-fold increase in mortality with high risk, compared 

to low risk, LUS score (Supplemental Table IV). �e 

only chest X-ray finding associated with mortality was 

the presence of bilateral infiltrates, and its addition to 

the model showed that total LUS score is independently 

associated with mortality when accounting for chest 

X-ray findings. �e only physical finding associated with 

mortality was ambient  O2 saturation. Although total LUS 

score remained significantly associated with mortality 

when adjusted for bilateral infiltrates in chest X-ray or 

age, its association with mortality was lost when adjusted 

for ambient  O2 saturation and MEWS (Table 3).

LUS and composite events

Following baseline LUS, 30 composite events occurred. 

Presence of pleural thickening and total LUS score were 

significantly associated with the composite event (Sup-

plemental Table IV).

�e rate of the composite events was increased with 

total LUS score > 18 vs. LUS score ≤ 18 (43 ± 9% vs. 

10.6 ± 3% for thirty days; p = 0.0004). Kaplan–Meier 

curve (Fig. 2b) shows higher rate of the composite event 

with total LUS score > 18 compared to lower score. Unad-

justed hazard ratio of the composite event for total LUS 

score was 1.12 per point [1.05–1.2], p = 0.0008. Unad-

justed hazard ratio of the composite event for high risk 

LUS score (> 18) was 4.24 [2.06–9.1], p < 0.0001 suggest-

ing a 4.2-fold increase in the composite event with high 

risk versus low risk LUS score (Supplemental Table IV).

Addition of presence of bilateral infiltrates in chest 

X-ray to the model showed that total LUS score is inde-

pendently associated with the composite event when 

accounting for chest X-ray findings. �e only physical 

finding associated with the composite event was ambi-

ent  O2 saturation. Addition of ambient  O2 saturation to 

the model showed that total LUS score is independently 

associated with the composite event when account-

ing for ambient  O2 saturation. Although total lung LUS 

score remained significantly associated with the compos-

ite event when adjusted for bilateral infiltrates in chest 

X-ray, age or ambient  O2 saturation, its association with 

the composite event was lost when adjusted for MEWS 

(Table 3).

Discussion
COVID-19 primarily affects the lungs, and pneumonia 

appears to be the most frequent serious manifestation 

of infection [1]. During the COVID-19 pandemic, LUS 

was sporadically used in several centers to identify dis-

ease severity, and to assist in treatment decisions [23, 24]. 

�e results of the present study, which used a protocoled 

guided systematic LUS in 120 consecutive COVID-19 

patients admitted to the Tel Aviv Medical Center, show 

Fig. 2 a Kaplan–Meier curve for mortality according to lung ultrasound severity. b Kaplan–Meier curve for the combination of need for invasive 

mechanical ventilation or mortality according to lung ultrasound severity
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that: 1. All admitted patients, even with mild disease, 

have abnormal LUS at presentation; 2. For the majority 

of patients, the most common finding on LUS was patchy 

pleural thickening or patchy subpleural consolidations 

in at least one zone. 3. Increased LUS score is associated 

with worsening disease; 4. In deteriorating patients, LUS 

pathology worsens mostly in the anterior lung segments 

and correlates with PEEP requirements. 5. Baseline LUS 

predicts death and/or clinical deterioration and may aid 

risk stratification and clinical decision making.

Ultrasonographic features of COVID-19

None of the patients had normal LUS, suggesting a possi-

ble role of LUS to rule out COVID-19 infection in symp-

tomatic hospitalized patients. However, because less than 

10% of symptomatic patients with COVID-19 infection 

are admitted to the hospital in Israel, these results are 

susceptible to selection bias. We believe that our results 

should serve as incentive to explore the role of LUS in 

ruling out COVID-19 infection in larger series, including 

asymptomatic as well as ambulatory patients. �e most 

common findings were pleural thickening and subpleural 

consolidations whereas no homogenous diffuse B-lines 

were seen. Moreover, bedside echocardiography did not 

reveal findings suggestive of elevated left atrial pressure 

in the majority of patients. Such features correlate with 

previous high-resolution CT descriptions of patchy sub-

pleural lung infiltrates in COVID-19 [25] and rules out 

the etiology of cardiogenic pulmonary edema [15].

LUS �ndings in relation with disease severity

LUS score in patients with severe disease were signifi-

cantly higher compared with patients with mild or mod-

erate disease. With worsening disease, more pleural 

thickening and subpleural consolidations were recorded. 

�e relation between clinical severity and LUS find-

ings is in line with previously published data using LUS 

and chest CT scores [26, 27], as well as with previously 

described patterns in swine (H1N1) and avian (H7N9) 

Influenza [28, 29]. Interestingly, the main contributor to 

the worsening LUS score was new, or greater, involve-

ment of anterior segments, a finding that may be used 

clinically to warn from imminent deterioration. Fur-

thermore, in patients who were mechanically ventilated 

during baseline LUS and later underwent a second exam-

ination due to clinical deterioration, LUS score and PEEP 

requirements were significantly correlated. Recent pub-

lications have shown that with respiratory distress from 

COVID-19, patients initially may retain relatively good 

lung compliance despite very poor oxygenation [30–32]. 

Table 3 Multivariable analyses of baseline predictors of clinical deterioration and death

a For bilateral in�ltrates in chest X-ray

b For modi�ed early warning score

Hazard ratio 95% Con�dence interval p value

Mortality

LUS score univariable analysis (per point) 1.08 1.02–1.16 0.008

Chest X-ray  adjustmenta 1.07 1.005–1.14 0.03

Ambient  O2 saturation adjustment 1 0.93–1.08 0.81

Age adjustment 1.06 1.001–1.13 0.05

Clinical  adjustmentb 0.98 0.92–1.05 0.52

Age and clinical adjustment 0.98 0.91–1.05 0.5

Need for mechanical ventilation

LUS score univariable analysis (per point) 1.2 1.1–1.3  < 0.001

Chest X-ray  adjustmenta 1.25 1.11–1.4  < 0.001

Ambient  O2 saturation adjustment 1.38 1.14–1.76  < 0.001

Age adjustment 1.22 1.12–1.36  < 0.001

Clinical  adjustmentb 1.19 1.03–1.5 0.01

Age and clinical adjustment 1.16 1.02–1.41 0.02

Composite clinical events

LUS score univariable analysis (per point) 1.12 1.05–1.2 0.0008

Chest X-ray  adjustmenta 1.11 1.04–1.21 0.002

Ambient  O2 saturation adjustment 1.1 1.03–1.2 0.006

Age adjustment 1.14 1.07–1.22  < 0.001

Clinical  adjustmentb 1.05 0.98–1.13 0.16

Age and clinical adjustment 1.06 0.99–1.13 0.08
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In these patients, CT exam will show limited ground-

glass infiltrates, signifying interstitial rather than alveo-

lar edema [33, 34]. �ese patients have low response to 

PEEP, and tolerate larger tidal volumes (7–8 mL/kg ideal 

body weight). In some patients, the disease progressively 

develops into the "classic" type ARDS, with CT showing 

extensive consolidations associated with low lung com-

pliance, and the need for higher PEEP, low tidal volume 

and early consideration of prone positioning [35, 36]. 

When challenged by such a dynamic disease, a quick bed-

side imaging exam as LUS may become extremely help-

ful for distinguishing between these phenotypes, follow 

patients’ clinical status and direct therapy accordingly, 

thus allowing adequate changes in respiratory support to 

higher PEEP, low tidal volume and early consideration of 

prone positioning in patients with increasing LUS scores 

and decreasing number of normal segments, suggesting 

rapidly decreasing compliance. Furthermore, our data 

show that in the final stages of clinical deterioration, even 

the anterior lung segments can become consolidated. 

�is finding can predict a poor response to prone posi-

tioning [37].

LUS as a predictive tool of clinical course and outcome

Our data show that a higher LUS score, appearance of 

pleural thickening and pleural effusion predict the need 

for mechanical ventilation, mortality and the combina-

tion of both. Survival drops significantly with an LUS 

score above 18. �is prediction is independent of chest 

X-ray findings, making it a stand-alone superior alter-

native. For the composite outcome of need for invasive 

mechanical ventilation or death, the predictive ability 

of LUS score is even superior to that of chest X-ray and 

 O2 saturation. �is is in concordance with previously 

described evidence in patients with decompensated heart 

failure, in which semi-quantitative B-line assessment was 

shown to be a prognostic indicator of adverse outcomes 

and mortality [9]. Moreover, our results are in line with 

a publication regarding chest CT in COVID-19 patients, 

in which the total burden of lung involvement and ante-

rior segment involvement at admission were associated 

with higher rates of adverse clinical composite endpoints 

of ICU admission, respiratory failure and shock [38]. �e 

peripheral distribution of lung infiltrates in COVID-19 

makes LUS a reliable imaging study, and can reduce the 

number of CT scans performed [17, 39], with their asso-

ciated risks of infection spread, radiation exposure and 

the need to disinfect the CT room [22]. Moreover, trans-

porting critical patients to CT is challenging and com-

plex, while LUS can be easily performed at the bedside.

Our study identified patients without any pleural thick-

ening or subpleural consolidations, who did not expe-

rience clinical deterioration, showing the ability of a 

straightforward baseline LUS to also predict a good clini-

cal outcome and serve as a mean of triage, especially in 

case of widespread infection and emergency room over-

crowding. It could also serve as an adjunct in hospitalized 

patients discharge decisions.

Limitations
First, our study is a single center study, which included 

only patients with COVID-19 who were hospitalized 

for at least 24  h. �e fact that only ≈ 7% of patients 

diagnosed with COVID-19 in Israel are admitted to the 

hospital, probably led to over-estimation of the sever-

ity of LUS in COVID-19. Fifteen patients (11.1%) were 

excluded. Six of these patients were excluded due to "Do 

Not Resuscitate/Intubate" orders. �ese patients received 

only palliative care and died shortly after their admis-

sion. �is fact may have created an opposite bias result-

ing in underestimation of LUS severity in patients with 

COVID-19 infection. Using phased-array transducers is 

acceptable when performing LUS, but its low frequency 

and high penetrance can compromise pleural evaluation. 

Nevertheless, placing the focus at the pleura level ena-

bled reasonable assessment of the pleural line and sub-

pleural consolidations. �e fact that LUS measurements 

were calculated by the cardiologist caring for the patient 

may lead to over-estimation of the severity of LUS. Out-

come analyses in our study should be interpreted with 

caution due to the small number of patients.

Conclusions and clinical implications
In patients with COVID-19, LUS rapidly identifies pul-

monary involvement and provides risk stratification, 

including prediction of need for mechanical ventilation 

and mortality, above routine radiographic assessment. Its 

use may guide patients’ management strategies, as well as 

resource allocation in case of surge capacity.
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