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BACKGROUND: Patients with coronavirus disease 2019 (COVID-19) can develop severe bilat-

eral pneumonia leading to respiratory failure. We aimed to study the potential role of lung

ultrasound score (LUS) in subjects with COVID-19. METHODS: We conducted an observatio-

nal, prospective pilot study, including consecutive subjects admitted to an intermediate care unit

due to COVID-19 pneumonia. LUS is a 12-zone examination method for lung parenchyma

assessment. LUS was performed with a portable convex transducer, scores from 0 to 36 points.
Clinical and demographic data were collected at LUS evaluation. Survival analysis was per-

formed using a composite outcome including ICU admission or death. Subjects were followed

for 30 d from LUS assessment. RESULTS: Of 36 subjects included, 69.4% were male, and mean

age was 60.19 6 12.75 y. A cutoff LUS 6 24 points showed 100% sensitivity, 69.2% specificity,

and an area under the receiver operating characteristic curve of 0.85 for predicting worse prog-

nosis. The composite outcome was present in 10 subjects (55.6%) with LUS 6 24 points, but not

in the group with lower LUS scores (P < .001). Subjects with LUS 6 24 points had a higher

risk of ICU admission or death (hazard ratio 9.97 [95% CI 2.75–36.14], P < .001). Significant

correlations were observed between LUS and SpO2
=FIO2

, serum D-dimer, C-reactive protein, lac-

tate dehydrogenase, and lymphocyte count. CONCLUSIONS: LUS 6 24 points can help identify

patients with COVID-19 who are likely to require ICU admission or to die during follow-up.

LUS also correlates significantly with clinical and laboratory markers of COVID-19 severity.

Key words: COVID-19; lung ultrasound; intermediate respiratory care unit; ICU; pneumonia; ARDS.
[Respir Care 2021;66(8):1263–1270. © 2021 Daedalus Enterprises]

Introduction

Coronavirus disease 2019 (COVID-19) is a viral infec-

tion by the novel severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2). Patients with COVID-19 develop

lung damage, which can lead to respiratory failure and

ARDS.1 Approximately 26% of hospitalized patients with

COVID-19 pneumonia require admission in the ICU.1,2

The rapid increase in infected patients with severe disease

highlights the need for better diagnostic and prognostic

tools to improve patient care and health care resource

administration.3,4

Different clinical, laboratory, and imaging features have

been associated with severe COVID-19 pneumonia.

PaO2
=FIO2

and its equivalent, SpO2
=FIO2

, may be relevant for

the severity assessment of patients with COVID-19 with re-

spiratory failure.2,5-8 Furthermore, several blood markers

have been described in severe cases, such as a high white

blood cell count, low lymphocyte count, and elevated D-

dimer, lactate dehydrogenase (LDH), and C-reactive protein,

among others.1,2,5,7,9 Regarding imaging features, the main

finding in chest computed tomography (CT) of patients with

COVID-19 is bilateral ground-glass opacities predominantly

in lower lobes,10 which has been significantly higher in non-

surviving individuals.1 Nevertheless, patients with severe ill-

ness may have difficulty in accessing chest CT depending on

their clinical respiratory and hemodynamic status and the

risk of contamination. In addition to these limitations, data

on the prognostic values and clinical implications of the

aforementioned features in patients with COVID-19 are

scarce. Therefore, more information is needed to improve

prediction and early detection of clinical impairment.

Lung ultrasound use has increased as a diagnostic and

monitoring tool in critically ill patients.11 Ultrasonographic

patterns have been useful for assessing pneumonia, atelec-

tasis, pleural effusion, pulmonary edema, pneumothorax,

and ARDS,12-14 as well as for monitoring respiratory

response in patients with invasive ventilation.15-17 In this
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regard, lung ultrasound score (LUS) may be used as a semi-

quantitative index for the assessment of lung aeriation loss

and prediction of clinical outcomes in patients in the

ICU.13,15,18 Recently, lung ultrasound has been recom-

mended for the evaluation of patients with COVID-19

because of its bedside utility and the minimal involvement

of health care professionals.16,19,20 However, the value of

lung ultrasound in this disease is still to be fully studied.

We aim to assess the potential role of LUS as a prognostic

tool in the management of patients with COVID-19.

Methods

Data Collection and Design

An observational, prospective pilot study was performed

on consecutive subjects admitted to the intermediate respi-

ratory care unit (IMCU) of a tertiary care hospital in

Barcelona, Spain, throughout the month of April 2020. The

study protocol was approved by the local ethics committee

(PR260/20). Informed consent was obtained from all sub-

jects included in the study. All procedures performed in this

study involving human subjects were in accordance with

the ethics standards of the institution as well as the 1964

Helsinki Declaration. The inclusion criterion was admis-

sion to the IMCU due to respiratory failure related to

COVID-19 pneumonia. All subjects were diagnosed with a

positive polymerase chain reaction for SARS-CoV-2 from

nasopharyngeal swab and the presence of patchy infiltrates

on chest radiography. Subjects were transferred to the

IMCU directly from the emergency department or from

general wards when respiratory support with high-flow

nasal cannula oxygen therapy or noninvasive ventilation

was required. Exclusion criteria were recent admission to

the ICU, invasive mechanical ventilation, suspected or

proven respiratory infection by another pathogen and respi-

ratory failure due to any etiology other than COVID-19.

Demographic, clinical, radiological, and laboratory data

were collected for all subjects at the time of LUS evalua-

tion, which was performed the day they were admitted into

the IMCU. However, some of the subjects were already

admitted into the emergency department or other medical

facilities before. Subjects were followed-up until 30 d from

lung ultrasound assessment.

Lung Ultrasound Evaluation

A complete lung ultrasound examination was per-

formed after admission to the IMCU by a trained pulmo-

nologist blinded to subjects’ clinical information. A

Lumify C5-2 convex transducer (Philips, Amsterdam, The

Netherlands) set into lung configuration was used,

equipped with a portable tablet and the Lumify app.

During examination, the portable tablet device and the

transducer were wrapped in single-use protection to

reduce contamination and improve sterilization. Tablet

and transducer were sterilized following recent recom-

mendations after examination.21

Ultrasound findings were reported using the LUS accord-

ing to current recommendations.16 Briefly, LUS evaluates

lung parenchyma following a 12-zone examination of the

thorax.15,17,22 Anterior (midclavicular line), lateral (midaxil-

lary line), and posterior (paravertebral line) chest wall

regions were divided in 2 parts (superior and inferior).

Posterior exploration was performed when subjects were

able to sit or tilt sideways. When this was not possible, it

was substituted with posterior axillary line exploration.

The transducer was placed longitudinal to the ribs to

enhance pleural and lung exploration.23,24 Each region

was then scored following recommendations for point-of-
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care lung ultrasound: lung sliding with A-lines or < 3 iso-

lated B-lines scored 0; multiple well-defined B-lines (B1)

scored 1; multiple coalescent B-lines (B2) or white lung

scored 2; and subpleural consolidation scored 3. The sum

of the scores defined the LUS, ranging from 0 to 36

points.22,25

Subjects were divided into 2 groups depending on lung

ultrasound assessment, corresponding to severe alveolo-

interstitial involvement (LUS $ 24) and mild to moder-

ate alveolo-interstitial involvement (LUS < 24). A sur-

vival analysis was performed using a composite event for

worse clinical outcome defined as ICU admission or

death. ICU admission criteria included cardiopulmonary

arrest, sudden fall in level of consciousness, invasive

ventilation requirement, and shock. LUS correlations

with clinical and blood severity markers were evaluated.

Accuracy values for prediction of poor clinical outcomes

for these features were studied using criteria for ARDS6

and cutoff values identified in severe cases from previous

studies.2,5,7,8

Statistical Analysis

Categorical data are described as frequency and

percentages, and differences were evaluated using the

chi-square test or Fisher exact test when required.

Continuous variables are expressed as mean 6 SD for

normally distributed variables or median and interquar-

tile range (IQR) otherwise. Differences in continuous

variables were analyzed with analysis of variance or the

Student t test or their corresponding nonparametrical

tests when required (eg, Kruskal-Wallis and Mann-

Whitney U tests). Predictive accuracy and optimal cutoff

point for LUS for the prediction of the composite out-

come was estimated using the bootstrap technique for re-

ceiver operating characteristic curve analysis. Accuracy

values were calculated for LUS and disease severity

markers. Kaplan-Meier survival analysis was used to

evaluate time to ICU admission or death. Due to the ab-

sence of events in one group, the univariate hazard ratio

was calculated using the Mantel-Haenszel approach for

variables showing significant differences between sub-

jects with and without the composite event. P < .05 was

considered statistically significant. Data were analyzed

using GraphPad Prism 8.2.1 (GraphPad Software, San

Diego, California) and R 3.6.2 (R Foundation for

Statistical Computing, Vienna, Austria).

Results

Study Population

Of 36 subjects with severe COVID-19 pneumonia hospi-

talized in the IMCU were included, 25 (69.44%) were

male, and mean age was 60.19 6 12.85 y. Twenty-three

subjects (63.9%) were transferred to the IMCU from the

general ward due to respiratory impairment during admis-

sion, and 13 (36.1%) were admitted directly from the emer-

gency department. The most frequent comorbidity was

hypertension (50.00%), obesity (38.9%) and dyslipidemia

(30.6%). Demographic and clinical characteristics of

included subjects are described in Table 1. The composite

outcome of ICU admission requirement or death was

described in 10 subjects (27.8%), and hospital discharge

during the 30-d follow-up was possible in 26 (72.2%) sub-

jects. All reported deaths were related to respiratory com-

plications. No significant differences were identified

between discharged subjects and those requiring ICU

admission or deceased regarding medical history, active

treatment during admission, peripheral blood leukocytes,

and serum ferritin.

LUS Accuracy

Median LUS was 23.5 points (IQR 16-27); median time

from hospital admission to lung ultrasound evaluation was

6.5 d (IQR 3-11.25). The most frequent ultrasound findings

were B2-lines (41% of the explored zones), followed by

subpleural consolidations (25%) and B1-lines (18.1%).

Normal lung parenchyma, described as A-lines, was identi-

fied in 16% of explored areas.

The optimal cutoff point for LUS was estimated at 24

points. LUS $ 24 showed an area under the receiver oper-

ating characteristic curve of 0.846 and an accuracy of

77.8%. Eighteen subjects (50%) had a LUS $ 24, and 18

(50%) presented with LUS< 24. No significant differences

in time from hospital admission to lung ultrasound evalua-

tion were observed between groups. Subject characteristics

according to LUS are described in Table 1, and LUS accu-

racy values are presented in Table 2.

Clinical Outcomes

The composite outcome was described in 10 subjects

(55.6%) with LUS $ 24 points, but not in the lower LUS

group (P < .001). Seven participants (19.4%) required

ICU admission, and 5 (13.9%) died during follow-up.

Two of the deceased subjects had been already trans-

ferred to the ICU. LUS was higher in subjects with the

observed composite outcome (median 26.5 points [IQR

25.5-28.25] vs 19 points [IQR 16-24], P ¼ .004).

Kaplan-Meier survival analysis identified a significant

difference between LUS groups regarding the composite

outcome (Fig. 1). Among subjects with LUS$ 24 points,

survival at 7 d from lung ultrasound assessment was 50%

(95% CI 31.50–79.40%), compared to 100% in subjects

with lower LUS. Subjects with LUS $ 24 had a signifi-

cantly higher risk of having worse clinical outcomes
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compared to those with lower LUS (hazard ratio 9.97

[95% CI 2.75–36.14], P < .001).

Regarding hospital stay, a statistically significant differ-

ence was observed in time from lung ultrasound exploration

to hospital discharge between subjects with LUS $ 24 and

subjects with LUS < 24 (median 18 vs 8 d, respectively,

P ¼ .001). At 7 d from ultrasound exploration, 8 subjects

(44.4%) of those with LUS < 24 were discharged, whereas

Table 1. Subject Characteristics at the Time of Evaluation

Subjects (N ¼ 36)
Lung Ultrasound Score

P
< 24 points (n ¼ 18) $ 24 points (n ¼ 18)

Subject background

Age, y 60.2 6 12.8 56.6 6 12.5 63.86 12.3 .09

Male 25 (69.4) 14 (77.8) 11 (61.1) .47

Smoking history 6 (16.7) 1 (5.6) 5 (27.8) .18

Hypertension 18 (50.0) 7 (38.9) 11 (61.1) .32

Dyslipidemia 11 (30.6) 6 (33.3) 5 (27.8) > .99

Diabetes 6 (16.7) 4 (22.2) 2 (11.1) .66

Obesity 14 (38.9) 8 (44.4) 6 (33.3) .73

COPD 1 (2.8) 1 (5.6) 0 > .99

Asthma 3 (8.3) 2 (11.1) 1 (5.6) > .99

Cardiopathy 2 (5.6) 1 (5.6) 1 (5.6) > .99

Hepatopathy 4 (11.1) 2 (11.1) 2 (11.1) > .99

History of malignancies 5 (13.9) 1 (5.6) 4 (22.2) .34

Chronic kidney disease 3 (8.3) 1 (5.6) 2 (11.1) > .99

Severity assessment

SpO2
=FIO2

162 (76.8) 191 (101.3) 126.5 (39.3) < .001

Lung ultrasound score 23.5 (11) 16 (6.8) 27 (3.8) < .001

Laboratory blood tests

Lactate dehydrogenase, U/L 366.5 (191) 328 (73.3) 440.5 (288.8) .001

C-reactive protein, mg/L 22.3 (57.7) 12.1 (5.7) 45.5 (23.4) .068

Ferritin, mg/L 911.5 (510.8) 911 (312.6) 926.4 (722.9) .39

Leukocyte count, � 109/L 9.8 (7.1) 8.8 (4.7) 12.7 (6.7) .068

Lymphocyte count, � 109/L 0.98 (0.88) 1.63 (0.98) 0.86 (0.27) .002

D-dimer, mg/L 504 (686) 367 (446.5) 783 (2282) .01

Treatment

Lopinavir/ritonavir 18 (50) 10 (55.6) 8 (44.4) .74

Hydroxychloroquine 36 (100) 18 (100) 18 (100) > .99

Azithromycin 14 (38.9) 8 (44.4) 6 (33.3) .73

Systemic corticosteroids 35 (97.2) 17 (94.4) 18 (100) > .99

Tocilizumab 22 (61.1) 11 (61.1) 11 (61.1) > .99

Low molecular weight heparin 33 (91.67) 15 (83.3) 18 (100) .23

Respiratory support .045

Air-entrainment mask 9 (25) 6 (33.3) 3 (16.7)

Non-rebreather mask 2 (5.6) 1 (5.6) 1 (5.6)

High-flow nasal cannula 16 (44.4) 10 (55.6) 6 (33.3)

Noninvasive ventilation 9 (25) 1 (5.6) 8 (44.4)

Outcomes

ICU admission 7 (19.4) 0 7 (19.4) < .001

Deaths 5 (13.9) 0 5 (13.9) < .001

In the IMCU 3 (60) NA 3 (60)

In the ICU 2 (40) NA 2 (40)

Time to event 7 (9.5) NA 7 (9.5)

Discharged 26 (72.2) 17 (94.4) 9 (50) .009

Follow-up time, d 11 (11) 8 (6.8) 16.5 (14) .034

Data are presented as n (%), mean 6 SD, or median (interquartile range).

IMCU ¼ intermediate respiratory care unit

NA ¼ not applicable
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all of the subjects with LUS $ 24 were still hospitalized.

Furthermore, hospital discharge within 14 d from lung

ultrasound assessment was achieved in 4 (22.2%) subjects

of the LUS $ 24 group versus 14 (77.8%) of the subjects

with LUS < 24. At 30 d of follow-up from lung ultrasound

assessment, only 1 subject (5.6%) with lower LUS was still

hospitalized (95% CI 0.83–37.32), whereas 4 (22.22%) sur-

viving subjects with LUS$ 24 were still admitted (95% CI

14.70–71.70).

LUS and Severity of Disease

We investigated varying cutoffs of the LUS. Lowering

the cutoff to 20 points or 22 points resulted in an important

loss of specificity to � 50% while maintaining a sensitivity

of 100%. An increase in the cutoff to 26 points or 28 points

achieved a higher specificity (> 75%) but reduced sensitiv-

ity to < 60%. The receiver operating characteristic curve is

shown in Figure 2.

There was a significant correlation between LUS and

SpO2
=FIO2

(r¼ –0.674, P< .001) and blood laboratory tests

such as D-dimer (r ¼ 0.424, P ¼ .01), C-reactive protein

(r ¼ 0.373, P ¼ .02), LDH (r ¼ 0.460, P ¼ .004), and lym-

phocyte count (r ¼ –0.487, P ¼ .002), as presented in

Figure 3.

We compared the predictive accuracy values of LUS

with clinical and analytical severity markers showing sig-

nificant correlations to assess its added diagnostic power

(Table 2).

Discussion

This pilot study has demonstrated that LUS could help

identify subjects with COVID-19 who are likely to have

worse clinical outcomes. LUS also showed significant cor-

relations with clinical and blood severity markers.

Therefore, lung ultrasound may be a useful tool for the

assessment of subjects with COVID-19.

The severity of COVID-19 pneumonia and the rapid

transmission of the virus have led to a worldwide increase

in the burden of critical care units.26 In our study, 7

(19.4%) subjects required admission to the ICU and 5

(13.9%) died during follow-up. Of this latter group, 3 sub-

jects were already in the ICU. This proportion of subjects

with worse clinical evolution is higher than what was ini-

tially observed in reports from China,2,8 but it is similar to

studies from recent cohorts in the United Kingdom27 and

the United States.5 Notably, subjects in our study who

required ICU admission or died did not show significant

differences regarding age, gender, or clinical history. This

highlights the importance of identifying accurate prognos-

tic tools for the assessment of subjects with COVID-19 to

improve patient management and the administration of

health care resources.T
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Lung ultrasound is a low-cost, harmless, and easy-to-

clean imaging tool that provides useful information of pleu-

ral and lung parenchymal integrity. During the COVID-19

pandemic, few studies have reported the utility of lung

ultrasound for the assessment of critically ill subjects due to

the possibility of bedside application requiring a single ex-

aminer.22,28,29 However, strong evidence favoring its routine

use in this disease is scarce.30 Our results with the LUS

indicate the important role that lung ultrasound may have

in the management of subjects with COVID-19 in an

IMCU environment. This validated index for the assess-

ment of lung parenchymal damage16,22,30 is independently

associated to 28-d mortality in shock patients.15 Similar

results were observed in our pilot cohort, as subjects with

higher LUS had a significantly higher risk of worse clin-

ical outcomes. We studied different cutoff values, and a

LUS $ 24 points showed the highest accuracy for predict-

ing ICU admission or death. Results reported by Burian et

al31 showed similar accuracy values for chest CT features

and serum inflammation markers in subjects with COVID-

19 who required ICU management.31 However, lung ultra-

sound may be a simpler and faster option for predicting

clinical evolution and adjusting patient care.

Severe COVID-19 also leads to longer hospital stay.

However, current evidence is limited, as more severe sub-

jects were still hospitalized at the time of publication of

most recent studies.27 Median hospital stay in our cohort

was 11 d (IQR 7-18) after lung ultrasound assessment in

the IMCU. Subjects with higher LUS had a significantly

longer hospital stay (median 18 vs 8 d from lung ultrasound

evaluation for subjects with LUS $ 24 and < 24 points,

respectively, P ¼ .001). Also, subjects with lower LUS

were more likely to be discharged from the hospital during

any measured time period. Thus, lung ultrasound evaluation

may also help identify subjects with better prognosis in sub-

jects with severe COVID-19 illness.

Lung ultrasound correlation with clinical features has al-

ready been described in critically ill subjects,18 but data are

scarce for COVID-19. In our study, we identified that LUS

correlated positively with clinical markers associated with

COVID-19 severity, such as D-dimer, C-reactive protein,

and LDH, and correlated negatively with SpO2
=FIO2

and

lymphocyte count. We investigated the possible added

value of LUS for the prediction of worse clinical prognosis.

Briefly, SpO2
=FIO2

< 235 identified all cases with worse

prognosis but had a high false positive rate (specificity

23.1%). D-dimer > 500 mg/L, LDH > 400 U/L, and lym-

phocyte count < 0.8 � 109/L predicted only 30%, 70%,

and 40% of subjects who died or required ICU admis-

sion, respectively, in contrast to the 100% sensitivity of

LUS $ 24 points. On the other hand, C-reactive protein >

0
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10 mg/L showed a similar high sensitivity but lower specific-

ity values. Moreover, regardless of its predictive accuracy

for poor clinical outcomes, lung ultrasound provides visual

information of pathophysiological changes in the lung that

may further guide patient management. Therefore, LUS

could be used alongside these other clinical and laboratory

findings for the assessment of subjects with severe COVID-

19 illness, especially during a pandemic situation were hos-

pital resources and ICU availability may be limited.

There are some limitations to this study. This is a single-

center pilot study with a small number of subjects.

However, our cohort has characteristics similar to those

included in other COVID-19 series.8,27,32 Another limitation

is the lung ultrasound assessment at a single time point.

Further studies are necessary to evaluate the role of

repeated lung ultrasound scoring during admission. Due to

the COVID-19 pandemic situation and the different clinical

presentations for each subject, it was not possible to per-

form LUS at the same time point for all included subjects.

A high proportion of subjects were evaluated after being

transferred to the IMCU from the general ward; therefore,

time from hospital admission to LUS assessment differed

between subjects. Nevertheless, our assessment was per-

formed when subjects presented with respiratory impair-

ment, which may be a more clinically important time for

evaluation. Furthermore, there were no significant differen-

ces between time from symptom onset and hospital admis-

sion to LUS assessment between subject groups.

Conclusions

LUS $ 24 points may help identify patients with

COVID-19 who are likely to require ICU admission or die

during follow-up. LUS also correlated significantly with

clinical and laboratory markers of COVID-19 severity.
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Pérez R. SEPAR-AEER Consensus recommendations on the usefulness

of the thoracic ultrasound in the management of the patient with sus-

pected or confirmed infection with COVID-19. Arch Bronconeumol

2020;56:27-30.

17. Bouhemad B, Mongodi S, Via G, Rouquette I. Ultrasound for “lung

monitoring” of ventilated patients. Anesthesiology 2015;122(2):437-

447.

18. Tierney DM, Boland LL, Overgaard JD, Huelster JS, Jorgenson A,

Normington JP, et al. Pulmonary ultrasound scoring system for intuba-

ted critically ill patients and its association with clinical metrics

and mortality: a prospective cohort study. J Clin Ultrasound

2018;46(1):14-22.

19. Vetrugno L, Bove T, Orso D, Barbariol F, Bassi F, Boero E, et al. Our

Italian experience using lung ultrasound for identification, grading and

serial follow-up of severity of lung involvement for management of

patients with COVID-19. Echocardiography 2020;37(4):625-627.

20. Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T,

Briganti DF, et al. Is there a role for lung ultrasound during the

COVID-19 pandemic? J Ultrasound Med 2020;39(7):1459-1462.

21. Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronavi-

ruses on inanimate surfaces and their inactivation with biocidal agents.

J Hosp Infect 2020;104(3):246-251.

22. Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T,

Briganti DF, et al. Proposal for international standardization of the use

of lung ultrasound for patients with COVID-19: a simple, quantitative,

reproducible method. J Ultrasound Med 2020;39(7):1413-1419.

23. Soldati G, Demi M, Smargiassi A, Inchingolo R, Demi L. The role of

ultrasound lung artifacts in the diagnosis of respiratory diseases.

Expert Rev Respir Med 2019;13(2):163-172.

24. Singh AK, Mayo PH, Koenig S, Talwar A, Narasimhan M. The use of

M-mode ultrasonography to differentiate the causes of B lines. Chest

2018;153(3):689-696.

25. Buonsenso D, Piano A, Raffaelli F, Bonadia N, de Gaetano Donati K,

Franceschi F. Point-of-care lung ultrasound findings in novel corona-

virus disease-19 pneumoniae: a case report and potential applications

during COVID-19 outbreak. Eur Rev Med Pharmacol Sci 2020;

24(5):2776-2780.

26. Guan WJ, Chen RC, Zhong NS. Strategies for the prevention and

management of coronavirus disease 2019. Eur Respir J 2020;

55(4):2000597.

27. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R,

Norman L, et al. Features of 20133 UK patients in hospital with covid-

19 using the ISARICWHO clinical characterisation protocol: prospec-

tive observational cohort study. BMJ 2020;369:m1985.

28. Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al. Time course of lung

changes on chest CT during recovery from 2019 novel coronavirus

(COVID-19) pneumonia. Radiology 2020;295(3):715-721.

29. Moore S, Gardiner E. Point of care and intensive care lung ultrasound:

a reference guide for practitioners during COVID-19. Radiography

(Lond) 2020;26(4):e297-e302.

30. Liu RB, Tayal VS, Panebianco NL, Tung-Chen Y, Nagdev A, Shah S,

et al. Ultrasound on the frontlines of COVID-19: report from an inter-

national webinar. Acad Emerg Med 2020;27(6):523-526.

31. Burian E, Jungmann F, Kaissis GA, Loh€ofer FK, Spinner CD, Lahmer

T, et al. Intensive care risk estimation in COVID-19 pneumonia based

on clinical and imaging parameters: experiences from the Munich

cohort. J Clin Med 2020;9(5):1514.

32. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features

of patients infected with 2019 novel coronavirus in Wuhan, China.

Lancet 2020;395(10223):497-506.

LUNG ULTRASOUND SCORE TO PREDICT OUTCOMES IN COVID-19

1270 RESPIRATORY CARE � AUGUST 2021 VOL 66 NO 8


