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Lung sonographic findings in COVID-19 patients 

Structured Abstract 

Objective: The objective of this study was to describe the lung sonographic findings of 

COVID-19 patients prospectively and investigate its association with disease severity. 

Methods: This study was conducted in an emergency department and included 

consecutively enrolled laboratory confirmed COVID-19 patients. Lung sonography findings 

were described in all the included patients and analysed with respect to the clinical severity 

of the patients. 

Results: 106 patients were included in the study. Common sonographic findings in COVID-19 

patients were pleural line irregularity or shredding (70% of patients), followed by B – profile 

(59%), pleural line thickening (33%), occasional B – lines (26%), sub-pleural consolidations 

(35%), deep consolidations (6%), spared areas (13%), confluent B – lines or waterfall sign 

(14%) and pleural effusion (9%). These findings tended to be present more bilaterally and in 

lower lung zones. Sonographic characteristics like bilateral lung involvement, B – profile, 

spared areas and confluent B – lines or waterfall sign were significantly associated (p < 0.01) 

with clinical severity (more frequent with increasing disease severity). 

Conclusion: The lung sonographic findings of COVID-19 were found more bilaterally and in 

lower lung zones, and specific findings like B – profile, pleural thickening, spared areas and 

confluent B – lines or waterfall sign were associated with severe COVID-19. 
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Introduction 

 

 Lung ultrasound (LUS) is a powerful bedside tool which helps in clinical decision 

making in various conditions.[1] In the COVID-19 pandemic, LUS has shown its major utility 

in triaging and management of patient due to its point of care use, safety and 

repeatability.[2] The clinical spectrum of COVID-19 patients range from asymptomatic to 

critical illness, which can include severe acute respiratory distress (ARDS) requiring 

ventilatory support[3–6]. LUS can help in early detection, triaging the patients and 

monitoring the progression the disease[7,8]. 

 Various studies have documented the different lung sonographic findings of COVID-

19, which include pleural line abnormalities; focal, multifocal, confluent B-lines and varied 

patterns of consolidation[7,9]. LUS is highly sensitive and specific in detecting findings of 

pneumonia and are useful alternative to chest radiograph and computed tomography[10]. 

Switching to ultrasound for clinical evaluation will reduce physicians need to use the 

stethoscope as it is difficult to use it while wearing personal protective equipment(PPE)[11]. 

Ultrasound also gives an advantage of limiting the movement of the patient and thus, 

preventing unnecessary exposure to healthcare workers and other patients.  

 In our emergency department (ED), we have incorporated LUS in the initial screening 

of patients with severe acute respiratory infection. Through this study we investigated the 

various LUS findings of COVID-19 patients. 
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Materials and methods 

 

Study setting, design and population 

 This study was conducted in the ED of a tertiary care hospital of India having an 

emergency medicine residency program, with an annual ED volume of nearly 200,000 

patients. The study period was from April 18 to May 30, 2020. All patients (14 year or older) 

with suspected COVID-19 were screened prospectively and recruited consecutively. ‘Suspect 

case’ was defined as the patients with acute respiratory infection i.e. “fever with at least 

one of the respiratory signs and symptoms like cough or dyspnoea”, after exclusion of any 

alternative diagnosis, with a history of travel to or residence in country or territory which 

had reported local transmission of COVID-19 during last 2 weeks prior to symptoms, 

requiring hospitalisation[12,13]. All patients with respiratory illness and a history of contact 

(providing health care, sharing same environment, traveling together, etc) with a confirmed 

COVID-19 case in last 2 weeks were also called as ‘suspect case’[12,13]. Among them, only 

‘laboratory confirmed’ cases (positive nucleic acid of SARS-CoV-2 detected by RT-PCR) were 

included in the study, and  their clinical and lung sonographic findings were documented in 

a pre-designed data collection form.[12] Confirmed COVID-19 patients were categorised by 

the treating physician (also performed the ultrasound) according to their severity of illness 

according to Chinese CDC definitions (mild disease: patients with respiratory tract infection, 

not fulfilling criteria for severe and critical disease, severe disease: any of the following signs 

or symptoms like shortness of breath, respiratory rate > 30/min or oxygen saturation < 93%, 

and critical disease: patients requiring intensive care for organ failure or invasive 

ventilation) [11]. Approval from the Institute Ethics Committee was taken prior to the 

initiation of this study (IEC-262/17.04.2020). 
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Ultrasonographic examination 

 The SonoSite MicroMaxx Ultrasound device (Bothell, WA 98021, USA), equipped 

with curvilinear (3 – 5 MHz) and linear (6 – 13 MHz) transducers, was used. All patients 

underwent LUS scanning in a standardized way. Eight lung zones (4 in each hemithorax) 

were scanned (lung zone #1 - extended from 2nd rib to 6th rib in the mid-clavicular line, lung 

zone #2 - extended from 6th rib to 10th rib in the mid-clavicular line, lung zone #3 - extended 

from 4th rib to 12th rib in the mid-axillary line and lung zone #4 - extended from 4th rib to 12th 

rib in the scapular line). The images of different areas of lungs were examined one after 

another. The above examinations were performed by emergency physicians with formal 

training (didactic lectures with hands-on training by EM faculty) in ‘Emergency 

Ultrasonography’[15] and minimum of 2-years’ experience in performing point-of-care 

ultrasound (POCUS). Separate ultrasound machines and probes were used for imaging to 

prevent cross infection. Probe covers and low-level disinfectants were utilised for infection 

control.[16] 

 

Lung sonographic findings 

 LUS was performed to look for the following features – unilateral or bilateral lung 

involvement; B – lines (comet-tail or laser-beam like artefacts arising from pleural line, 

obliterating the normal A – lines and reaching the base of the US screen), B – profile (> 3 B – 

lines in a single lung sonographic field); confluent B – lines or ‘waterfall sign’ (coalescent 

thick B – lines like white band), pleural line irregularity or shredding (loss of smoothness of 

pleural line), pleural thickening (> 2mm), consolidation (subpleural and non-subpleural), 

spared areas (B – lines with patchy areas of normal lung), and pleural effusion.[17,18] 
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Findings like B – profile and B – lines were exclusive to each other. Above-mentioned 

findings of patients were recorded in a predesigned data collection form during patient 

evaluation and images were retrieved and stored in a secured hard drive maintaining 

patient’s confidentiality. Later, these records were retrieved for lab confirmed COVID-19 

patients only. These findings were categorised according to the individual lung zones and 

clinical severity at presentation. 

 

 

 

Statistical analysis 

 All the observations were entered in database for further statistical analysis. 

Categorical variables were presented in numbers and percentages (%), and continuous 

variables were presented as median and interquartile range (IQR). Association of 

sonographic findings with clinical severity (pair-wise and overall) was assessed by Chi-square 

test. A p-value of < 0.05 was considered statistically significant. Statistical analysis was 

performed with SPSS (version 25; SPSS, Inc., Chicago, IL) 
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Results 

 

Clinical characteristics of the study population 

 A total of 408 suspected COVID-19 patients were screened and 106 laboratory 

confirmed COVID-19 patients were finally included in the study (Supplementary Figure - 1). 

Detailed study participants characteristics (demographic data, clinical symptoms, vitals and 

comorbidities) are depicted in Table – 1. Patients were of older age (median age – 47, IQR: 

39 – 57) and majority of them were male (62%). Common presenting symptoms were 

shortness of breath (72%), cough (61%) and fever (59%). The median duration of shortness 

of breath was 3 days (IQR: 3 – 6) and fever was 4 days (IQR: 3 – 6). More than two-thirds of 

patients had comorbid illnesses (63%). At presentation, a total of 29 patients had ‘mild’ 

disease, 41 patients had ‘severe’ disease, and 36 patients had ‘critical’ disease category.  

 

Lung sonographic findings 

 Details of lung sonographic findings are depicted in Table – 2. Most common findings 

were pleural line irregularity or shredding (70%, Figure – 1A and Video – 1 & 2), followed by 

B – profile (59%, Figure – 1B and Video - 3), pleural line thickening (33%, Figure – 1C) and 

occasional B – lines (26%, Figure – 1D). Sub-pleural consolidations (35%, Figure – 2A and 

Video - 4) were more frequently found than that of deep consolidations (6%, Figure – 2B). 

Spared areas and confluent B – lines (Figure – 2C) were found in 13% and 14% of the study 

population respectively. The pleural effusion was seen in 10 patients (Figure – 2D). These 

findings tend to be present more bilaterally and in lower lung zones (lung zone – 3 and 4), as 

shown in Table – 2.  
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Association of lung sonographic findings with clinical severity 

 All the sonographic findings were analysed according the patient’s presenting 

disease severity (Table – 3). All these findings were more common in ‘severe’ and ‘critically’ 

ill patients, than that of ‘mild’ ill patients, except occasional B – lines (common in mild 

disease). Overall comparison of prevalence of bilateral lung involvement was not significant 

across the disease severity categories (p = 0.095), but pairwise comparison showed more 

bilateral lung involvement in severe/critical disease, as compared to that of mild disease (p = 

0.034). B – profile, pleural thickening, spared areas and confluent B – lines or waterfall sign 

were significantly correlated with clinical severity (p<0.05). 
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Discussion 

 

 The utility of LUS in diagnosis and management of patients with respiratory illness is 

well documented[1,19]. During this COVID-19 pandemic, our emergency department 

incorporated the ultrasound in screening patients of acute respiratory illness at the separate 

triage desk for COVID-19 ‘suspects’[20,21]. Use of POCUS in clinical evaluation of the 

patients has many advantages. First, it acts as a visual stethoscope aiding the EP with real 

time images of the lung, improving their decision power. Second, it removes the need of 

using an actual stethoscope for auscultation, which becomes difficult to use with the 

personal protective equipment.  Third, this helped us in preventing the movement of 

patients to a radiology suite, reducing unnecessary exposure to healthcare workers. Studies 

have shown the LUS findings in COVID-19 correlate strongly with CT findings, so replacing 

LUS with CT scan reduces radiation exposures to the patient[22,23].  

 Our study demonstrated COVID-19 LUS findings like pleural line abnormalities 

(pleural line irregularity or shredding and thickening), B-profile and sub pleural 

consolidations. In two case series of 20 patients each with confirmed COVID-19 by Peng et al 

[9] and Huang et al[24], demonstrated similar LUS findings which were consistent with CT 

findings. Pleural line abnormalities were the most common finding seen in our study. Sub 

pleural consolidations were more frequently seen when compared to deeper consolidation. 

This correlated with the more peripheral involvement of the lung in the disease process.[17] 

Pleural effusion was rarely seen in patients.  

         Out of the 106 patients included in our study, 36 had ‘critical’ illness who presented to 

emergency in acute respiratory distress. Acute respiratory distress syndrome (ARDS) is 

characterized by heterogeneous B lines, with or without lung sliding and subpleural 
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consolidations[25]. Early detection of these finding on a lung ultrasound can help predict 

the disease severity of the patient. Our study is consistent with Smith et al [17] that also 

demonstrated these findings among patients with increased clinical severity. Patients with 

severe and critical disease had more bilateral lung involvement; there were ‘Confluent B-

lines’ known as the waterfall sign with spared areas, which is more specific for a critical 

illness. As the disease progresses,  there is more interstitial thickening and inflammation, 

leading to an increase in pleural line irregularities and B-line artifacts seen on LUS.[9] 

It is important to recognize the different characteristic of LUS in COVID-19 patient in 

different stages of this disease. This will help in initial triage and decision making for such 

patients. There are certain limitations of using LUS; firstly, it is operator-dependent and 

requires training for image acquisition and interpretation. Second; an extensive examination 

of lung using ultrasound can take at least 10 minutes for the physician[26], which increases 

the risk of contracting infection from the patient. This could be minimised by following 

infection control protocols (gowns, masks, gloves and face shields). Third, there is an 

increased chance of cross-infection if the same probe is used in evaluating COVID and non-

COVID patients. This can be prevented by using separate probe covers and low level 

disinfectants (LLDs; ethyl or isopropyl alcohol, 70%–90%) after each patient[21]. 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

12 

 

Limitations 

 

 This was a single-centred study, which may not reflect other ED patient population 

and owing to the small sample size, there is a possibility of missing few LUS characteristics 

of COVID19.  This was a single arm observational design, so further studies comparing the 

lung ultrasound findings of COVID and non-COVID patient, as well as comparing them with a 

CT scan of chest, would help in finding specific features unique to COVID-19 patients. Since 

more patients with severe symptoms presented to our emergency department, the 

proportion of mild disease was less in our cohort. It is usual to find ‘silent hypoxia’ in COVID-

19 patients, so certain early sonographic findings could have been missed as the patients 

usually presented late. In our study, the same physicians who classified the disease severity 

were also the ones who performed the POCUS of the patient, which may have introduced 

bias.  
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Conclusion 

 

 Bedside lung sonography has a key role in screening and management of COVID-19 

patients. Emergency physicians should be well informed of the sonographic findings of 

COVID-19 pneumonia and its association of the disease severity. This will aid their decision 

making process of appropriately triaging the patient and deciding further line of 

management.  
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Legends of Figures 
 

Figure – 1: Lung sonographic findings; A. Pleural line irregularity or shredding (arrowhead), 

B. Pleural line thickening (> 2mm), C. B – lines or lung comets (arrowheads), D. B – profile (> 

3 B – lines in a view shown by thin arrows) 

 

Figure – 2: Lung sonographic findings; A. Small sub-pleural consolidation shown by 

arrowheads and pleural line by thin arrow, B. Large consolidation (not sub-pleural, 

arrowheads), C. Pleural effusion (arrowhead), D. Confluent B – lines (waterfall sign, 

arrowhead) with spared areas (asterisk) 

 

Supplementary Figure – 1: Study flow showing patient inclusion. 
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Legends of Tables  
 

Table – 1: Baseline Characteristics of the COVID-19 patients 

IQR – Interquartile range, COPD – chronic obstructive pulmonary disease 

 

Table – 2: Lung sonographic findings in COVID-19 patients 

Lung zones: lung zone – 1 extended from 2nd rib to 6th rib in the mid-clavicular line, lung 

zone – 2 extended from 6th rib to 10th rib in the mid-clavicular line, lung zone – 3 extended 

from 4th rib to 12th rib in the mid-axillary line and lung zone – 4 extended from 4th rib to 

12th rib in the scapular line 

Cell colours were according to the prevalence of lung sonographic findings: 0-10%, white; 

10-20% very light grey, 20-30% light grey, 30-40% grey; >40% dark grey with white fonts 

 

Table – 3: Association of lung sonographic findings with disease severity 

Mild disease: patients with respiratory tract infection, not fulfilling criteria for severe and 

critical disease, Severe disease: any of the following signs or symptoms (shortness of breath, 

respiratory rate > 30/min or oxygen saturation < 93%), Critical disease: patients requiring 

intensive care for organ failure or invasive ventilation 

* p – value for Chi-square test, which were statistically significant 

# pairwise comparison of prevalence of lung sonographic findings according to disease 

severity category showed more bilateral lung involvement in severe/critical disease, as 

compared to that of mild disease (p – 0.034) 
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Legends of Videos 
 

Video – 1: Thickened (> 2mm thick) and irregular pleural line 

 

Video – 2: Pleural shredding (irregular pleural line) 

 

Video – 3: B-profile (> 3 B-lines in a lung window) with pleural line irregularity 

 

Video – 4: Subpleural consolidation 
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Table – 1: Baseline Characteristics of the COVID-19 patients 

 

 All patients (n = 106) 

Age (in years), median (IQR) 47 (39 – 57) 

Gender, n (%)  

Male 66 (62.3) 

Female 40 (37.7) 

Presenting symptoms, n (%)  

Shortness of breath 76 (71.7) 

Cough 65 (61.3) 

Fever 62 (58.5) 

Muscle aches or joint pain 19 (17.9) 

Expectoration 13 (12.3) 

Altered sensorium 13 (12.3) 

Nausea or vomiting 12 (11.3) 

Chills 11 (10.4) 

Diarrhea 10 (9.4) 

Chest pain 9 (8.5) 

Anorexia 6 (5.7) 

Abdominal pain 6 (5.7) 

Sore throat 4 (3.8) 

New onset alteration of taste or smell 3 (2.8) 

Running nose 2 (1.9) 

Headache 2 (1.9) 

Duration of symptoms, median days (IQR)  

Fever 4 (3 – 6) 

Shortness of breath 3 (3 – 6) 

Comorbidities, n (%)  

Any comorbidity 67 (63.2) 

Hypertension 33 (31.1) 

Diabetes mellitus 29 (27.4) 

Chronic kidney disease 17 (16) 

Malignancy 9 (8.5) 

Chronic liver disease 8 (7.5) 

Coronary artery disease 8 (7.5) 

Asthma 5 (4.7) 

Cerebrovascular accident 4 (3.8) 

Chronic obstructive pulmonary disease 3 (2.8) 

Presenting vitals, median (IQR)  

Respiratory rate (per minute) 28 (22 – 32) 

Heart rate (per minute) 111 (88 – 120) 

Oxygen saturation (%) 88 (74 – 96) 

Systolic blood pressure (mmHg) 125 (110 – 140) 
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Table – 2: Lung sonographic findings in COVID-19 patients 

 

Lung sonography findings 

Among all 106 
patients in any 

lung zone, 
n (%) 

Lung zones-wise findings, n (% among all 106 patients) 

Right lung Left lung 

Zone-1 Zone-2 Zone-3 Zone-4 Zone-1 Zone-2 Zone-3 Zone-4 

Pleural shredding or irregularity 72 (67.9) 25 (23.6) 41 (38.7) 54 (50.9) 43 (40.6) 23 (21.7) 34 (32.1) 47 (44.3) 40 (37.7) 

B-profile (>3 per field) 63 (59.4) 40 (37.7) 46 (43.4) 56 (52.8) 50 (47.2) 35 (33.0) 42 (39.6) 49 (46.2) 48 (45.3) 

Subpleural consolidation 37 (34.9) 10 (9.4) 16 (15.1) 29 (17.4) 25 (23.6) 9 (8.5) 15 (14.2) 25 (23.6) 22 (20.8) 

Pleural thickening 35 (33.0) 14 (13.2) 15 (14.2) 25 (23.6) 13 (12.3) 12 (11.3) 18 (17.0) 23 (21.7) 20 (18.9) 

B-lines (<3 per field) 27 (25.5) 8 (7.5) 21 (19.8) 25 (23.6) 15 (14.2) 7 (6.6) 16 (15.1) 20 (18.9) 15 (14.2) 

Confluent B-lines (waterfall sign) 15 (14.2) 9 (8.5) 12 (11.3) 14 (13.2) 14 (13.2) 7 (6.6) 8 (7.5) 14 (13.2) 15 (14.2) 

Spared areas 14 (13.2) 7 (6.6) 12 (11.3) 13 (12.3) 13 (12.3) 8 (7.5) 9 (8.5) 13 (12.3) 13 (12.3) 

Pleural effusion 10 (9.4) 0 (0) 0 (0) 4 (3.8) 4 (3.8) 1 (0.9) 2 (1.9) 8 (7.5) 8 (7.5) 

Deeper consolidation 6 (5.7) 3 (2.8) 3 (2.8) 1 (0.9) 1 (0.9) 0 (0) 0 (0) 1 (0.9) 1 (0.9) 
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Table – 3: Association of lung sonographic findings with disease severity 

 
Disease Severity,  

n (% among the severity category) 

 

Lung sonographic findings 
Mild disease,  

29 (100) 

Severe 
disease, 
41 (100) 

Critical 
disease,  
36 (100) 

p-value 

Bilateral lung involvement 20 (60.9) 36 (87.8) 31 (86.1) 0.095# 

Pleural shredding or irregularity 18 (62.1) 30 (73.2) 24 (66.7) 0.606 

B – profile (>3 B-lines per field) 9 (31) 27 (65.9) 27 (75) 0.001* 

Sub-pleural consolidation 8 (27.6) 13 (31.7) 16 (44.4) 0.315 

Pleural thickening (> 2mm) 4 (13.8) 16 (39) 15 (41.7) 0.035* 

B – lines (<3 per field) 10 (34.5) 9 (22.0) 8 (22.2) 0.426 

Confluent B-lines (waterfall sign) 0 (0) 9 (22) 6 (16.7) 0.030* 

Spared areas 0 (0) 9 (22) 5 (13.9) 0.028* 

Pleural effusion 3 (10.3) 4 (9.8) 3 (8.3) 0.959 

Deeper consolidation 3 (10.3) 1 (2.4) 2 (5.6) 0.370 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

23 

 

Author’s Contributions 

 

Conceptualization of the study: SB, TS 

Data collection: AK, RM 

Data analysis: AK, RM 

Manuscript writing: AK, RM 

Overall conduct of the study: SB 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

24 

 

Conflicts of interest 

The authors did not have any conflicts of interest. 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

25 

 

Data availability statement 
 

The data that supports the findings of this study are available in the supplementary material of this 

article. 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

26 

 

Funding 

The authors did not receive any financial support from any source. 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

27 

 

Highlights 

 Lung ultrasound is a valuable tool in COVID-19 patient management 

 Sonographic findings in COVID-19 are various pleural line abnormalities (shredding and 

thickening), sub-pleural consolidation, B-profile, spared areas and confluent B-lines 

(waterfall sign) 

 These findings tend to be more bilateral and appear in lower lung zones 

 Severe COVID-19 disease presents with more bilateral involvement, spared areas and 

confluent B-lines (waterfall sign) 
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