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Ab s t r Ac t
Background: Coronavirus disease-2019 (COVID-19) causes various cardiopulmonary manifestations. Bedside ultrasound helps in the rapid 
diagnosis of these manifestations. Vscan Extend™ (GE, Wauwatosa, WI, USA) is a handheld ultrasound device with a dual probe and an artificial 
intelligence application to detect ejection fraction. It can help in reducing the time for diagnosis, duration, and the number of healthcare workers 
exposed to COVID-19. This is a prospective observational study comparing the cardiorespiratory parameters and time duration for assessment 
between Vscan Extend™ and the conventional ultrasound machine.
Materials and methods: Paired observations were made in 96 COVID-19 patients admitted to the intensive care unit by two intensivists. Intensivist 
A used the Vscan Extend™ device to assess the cardiac function, lung fields, diaphragm, deep veins, and abdomen. Intensivist B used clinical 
examination, X-ray chest, ECG, and conventional echocardiogram for assessment. The agreement between the findings and the time duration 
required in both the methods was compared.
Results: The use of handheld ultrasound has significantly decreased the duration of bedside examination of patients than the conventional 
method. The median duration of examination using handheld ultrasound was 9 (8.0–11.0) minutes, compared to 20 (17–22) minutes with 
the conventional method (P < 0.001). The Cohen’s kappa coefficient was 1.0 for left ventricular systolic function, most of the lung fields, and 
diaphragmatic movement.
Conclusion: Vscan Extend™ helps in the rapid identification and diagnosis of cardiopulmonary manifestations in COVID-19 patients. The 
agreement between the handheld device and the conventional method proves its efficacy and safety.
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In t r o d u c t I o n
Coronavirus disease-2019 (COVID-19), caused by SARS CoV2, has 
varied clinical manifestations. Over 85% of the infected population 
remain asymptomatic, while approximately 4% present with 
severe respiratory distress syndrome requiring admission to 
the intensive care unit.1 Extrapulmonary presentations like 
acute coronary syndrome, congestive cardiac failure, and 
thromboembolism are also well known in COVID-19.2 In the 
background of the COVID-19 pandemic, any patient attending the 
emergency department, the COVID-19-induced pneumopathy, 
cardiac abnormality, and thromboembolism should be ruled 
out.3 The virus spread occurs by aerosol route.4 Involving more 
than one person for diagnosis and management at this pandemic 
increases the risk of infection spread among healthcare workers. 
A bedside ultrasound is a useful tool to help a primary physician 
or an intensivist to screen the patient. If the diagnosis and 
management need expert advice and consultation, they can 
be called over. This approach reduces the chance of infection 
spread among healthcare workers and reduces the burden on 
the exhausted healthcare system due to pandemic.5 Handheld 
ultrasound is of more significant application compared to 
conventional ultrasound in critical care. The image quality 
and resolution are equally good comparing to conventional 
ultrasound and echocardiography machines.6–8 It is easy to carry 
around like a stethoscope, has low cost, and is easier to disinfect 
than conventional ultrasound machine.
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Vscan Extend™ from General Electric Healthcare (GE, 
Wauwatosa, WI, USA), a handheld ultrasound device launched 
with a dual ultrasound probe. The dual probe has a phased array 
probe (1.5–3.8 MHz) for bedside transthoracic echocardiography. 
The other end has a linear probe (3.5–8 MHz), which can be used 
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for lung ultrasound, duplex sonography of the venous system, 
and central venous cannulation. This device also has an artificial 
intelligence application. After acquiring an apical four-chamber 
without foreshortening the apex, the application automatically 
traces the endocardial border of the left ventricle. Thus it 
detects the left ventricular end-diastolic volume (LVEDV) and left 
ventricular end-systolic volume (LVESV). The ejection fraction (EF) 
of the left ventricle is calculated from these two values. Thus, the 
study was conducted with the primary aim to assess the effect 
of Vscan Extend™ handheld ultrasound device on the duration 
of cardiopulmonary assessment in COVID-19 patients. We also 
assessed the efficacy and safety profile of this new generation 
handheld ultrasound machine by comparing its findings with the 
conventional ultrasound machine.

MAt e r I A l s A n d Me t h o d s
In a prospective observational study conducted in COVID-19 
intensive care unit at a tertiary care medical institution, over 
1  month in August 2020, after obtaining approval from the 
institutional ethics committee, all critically ill COVID-19-positive 
patients above 18 years of age were included. Pediatric patients 
(age <18  years) and patients with psychiatric problems were 
excluded from the study. After obtaining informed written consent, 
patients were evaluated using handheld ultrasound device Vscan 
Extend™, General Electric Healthcare (GE, Wauwatosa, WI, USA), by 
an intensivist, adequately trained in bedside ultrasound (intensivist 
A). Intensivist A was blinded to the clinical diagnosis of the patient. 
Lung ultrasound was done using the eight-segment technique, 
evaluating each segment for pleural sliding, pleural irregularities, 
B-lines, and consolidation.9 Findings were be entered for each 
segment in the proforma based on lung ultrasound. Diaphragmatic 
movement and presence of pleural fluid and abdominal free 
fluid collection were noted. Cardiac ultrasound was done using 
a phased array probe. Apical four-chamber, apical two-chamber, 
parasternal short axis, and long-axis views were assessed. Any 
regional wall motion abnormality, pericardial effusion, and right 
heart dysfunction were documented. Left ventricular EF was 
calculated in the apical four-chamber view using LVivo application 
in Vscan Extend™ machine (Fig. 1). Color Doppler was applied across 

aortic, mitral, tricuspid, and pulmonary valves to look for any flow 
turbulence. Any valvular pathology was documented. inferior vena 
cava (IVC) collapsibility index was calculated from the subcostal 
view. The total duration of examination and duration of cardiac 
ultrasound was documented. The other intensivist trained in point 
of care ultrasound (intensivist B) performed clinical examination 
and point of care cardiac ultrasound with a standard ECHO 
machine (Vivid, GE). The patient’s respiratory system was examined 
using bedside ultrasound with multiple probes, chest X-ray, 
and auscultation for added sounds (crepitations and bronchial 
breathing), reduced air entry, and diaphragm movement. The 
cardiac examination was done by auscultation, especially for added 
sounds, murmurs, elevated Jugular venous pressure, and reduced 
cardiac sounds, and ECG. Any regional wall motion abnormality, 
right heart dysfunction, pericardial effusion, valvular pathology, 
IVC collapsibility were identified using Vivid, GE echo machine. Left 
ventricular EF was calculated in apical four-chamber view using 
Simpson’s method. The abdomen and lower limb were examined 
clinically. The total time of clinical examination was noted.

At the end of the study, the agreement between the intensivists’ 
diagnostic findings was compared statistically. Assessment of the 
level of agreement between both groups was done using the 
Cohen’s kappa coefficient. Lung zones were assessed qualitatively 
on the basis of the presence of pneumothorax, consolidation, or 
edema, and the agreement between handheld and conventional 
ultrasound device findings was assessed using Cohen’s kappa 
coefficient.

Sample size was calculated using nMaster software v2.0. 
Keeping a null hypothesis agreement as 0.5 and an alternative 
hypothesis agreement as 0.8 with prevalence of findings as 25%, 
power 80%, and 5% alpha error the minimum required sample 
size was 84 patients. Here, prevalence refers to the proportion of 
patients expected to have abnormal lung or cardiac findings based 
on your objective.2

re s u lts
In this prospective study, a total of 96 paired readings using two 
different methods were obtained by two intensivists, blinded 
to each other’s findings. The demographic characteristics of the 
patients are discussed in Table 1. The use of handheld ultrasound has 
significantly decreased the time required for bedside examination 
of patients than the conventional method. The median duration of 
examination using handheld ultrasound was 9 (8.0–11.0) minutes, 
compared to 20 (17–22) minutes with the conventional method 
(P < 0.001) (Table 2). The agreement was perfect on comparing left 
ventricular (LV) systolic function with a Cohen’s kappa coefficient 
of 1.0 (Table 3). Both the groups show moderate agreement for 
regional wall motion abnormality (RWMA) with a coefficient of 0.53 
[0.37, 0.69]. The mean EF obtained with the handheld ultrasound 
was 45.89 ± 11.4 (%), with LVESV and LVEDV of 46.28 ± 11.8 mL and 
46.28 ± 11.8 mL, respectively. We found a poor agreement for right 
ventricular (RV) systolic function and pericardial effusion between 
the two groups with a coefficient of 0.07 and −0.01, respectively. 
Cohen’s kappa coefficient showed an agreement ranging from 
substantial to perfect for lung parameters between the two groups 
(Table 4). Among other parameters, we observed fair agreement 
in IVC collapsibility between both the groups, with a coefficient of 
0.37 [0.25, 0.49]. We found substantial agreement between both 
groups for abdominal free fluid collection with a coefficient of 
0.78 [0.55, 1.0].

Fig. 1: Image showing use of LVivo application of Vscan Extend™ to 
calculate EF
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the groups, a statistically significant difference was observed in the 
time required for bedside examination using handheld ultrasound 
compared to the conventional method. This reduction in time 
for bedside examination and accurate measurement reduces the 
duration of exposure and the number of healthcare workers getting 
exposed to the COVID-19 patients.

Various studies have evaluated the role of handheld ultrasound 
in different aspects of critical care in the past. Its role has been 
identified in both diagnostic and therapeutic settings. Handheld 
ultrasound is of more significant application in cardiac critical 
care. COVID-19 infection is associated with hyperdynamic cardiac 
function, stress-induced cardiomyopathy, RV enlargement, acute 
pulmonary hypertension, and diffuse myocardial inhibition.3 
Studies have shown good agreement between handheld ultrasound 
and conventional echocardiography for diagnosing pericardial 
effusion, RWMA, valvular pathologies, and left ventricular EF. In 
a study comparing hand-carried ultrasound and conventional 
echocardiography, Tsutsui et al. showed moderate agreement 
between both groups for LV function and RWMA (κ = 0.58). They 
also showed a good correlation (κ = 0.85) for valvular regurgitation, 
while stenotic pathologies could not be determined because of 
the technical limitation of hand-carried ultrasound.6 Our study 
showed a similar agreement as to the previous study for RWMA 
(κ = 0.53) and a perfect agreement for LV systolic function (κ = 1.0). 
The poor agreement seen in our study for valvular regurgitation 
(κ = 0.02) and RV systolic function (κ = 0.07) might be due to poor 
echocardiography window caused by chest wall edema in prone 
patients.

dI s c u s s I o n
In this prospective observational study, we found significant 
agreement between the cardiac and lung measured parameters 
obtained with handheld equipment and conventional ultrasound 
machine in COVID-19 patients. Along with the agreement in both 

Table 1: Demographic characteristics

Age (years) 55.13 ± 14.6

Sex
 Male (n, %)
 Female (n, %)

70 (72.9%)
26 (27.1%)

Diagnostic test
 RT PCR (n, %)
 CT (n, %)
 TruNat (n, %)
 Rapid antigen (n, %)

59 (61.5%)
0 (0.0%)
19 (19.8%)
17 (17.7%)

Height (cm) 171.02 ± 6.6

Weight (kg) 80.0 [90.0–71.25]

HR (rate/min) 92.03 ± 23.9

SpO2 (%) 94.54 ± 4.0

RR (breaths/min) 26.58 ± 5.4

SBP (mmHg) 129.93 ± 21.3

DBP (mmHg) 70.09 ± 14.1

MAP (mmHg) 90.63 ± 15.9

Intubation
 Absent (n, %)
 Present (n, %)

46 (47.9%)
50 (52.1%)

Mode
 PCV (n, %)
 PRVC (n, %)
 PCV-VG (n, %)
 SIMV (n, %)
 PSV (n, %)

2 (2.1%)
16 (16.7%)
24 (25.0%)
0 (0.0%)
8 (8.3%)

PEEP (cmH2O) 8.12 ± 2.5

FiO2 (%) 60.02 ± 21.8

Ppeak (cmH2O) 30.04 ± 7.9

Pmean (cmH2O) 15.66 ± 4.8

Proned 47 (48.9%)
HR, heart rate; SpO2, oxygen saturation; RR, respiratory rate; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; 
PCV, pressure control ventilation; PRVC, pressure regulated volume control; 
PCV-VG, pressure control ventilation–volume guaranteed; SIMV, synchro-
nized intermittent mandatory ventilation; PSV, pressure support ventila-
tion, PEEP, peak end expiratory pressure; FiO2, fraction of inspired oxygen; 
Ppeak, peak airway pressure; Pmean, mean airway pressure; RT PCR, reverse 
transcription polymerase chain reaction; CT, computed tomography

Table 2: Comparison of time duration between two groups

Conventional 
group (N = 96)

Handheld ultrasound 
group (N = 96) P value

Total duration 
(minutes)
Median  
[Q3–Q1]

20.0 [22.0–17.0] 9.0 [11.0–8.0] <0.001

P <  0.05: statistically significant; statistical method used: Mann–Whitney 
U test

Table 3: Comparison of cardiac findings between both the groups

Cardiac parameter
Cohen’s kappa value  
with 95% of CI P value

LVsys 1.0 [1.0, 1.0] <0.001

RVsys 0.07 [−0.16, 0.29] <0.56

Pericardial effusion −0.01 [−0.03, 0.004] 0.16

RWMA 0.53 [0.37, 0.69] <0.001

Valve regurgitation 0.02 [−0.10, 0.14] 0.79
LVsys, left ventricular systolic function; RVsys, right ventricular systolic 
function; RWMA, regional wall motion abnormality; P < 0.05: statistically 
significant; statistical method used: Cohen’s kappa agreement

Table 4: Comparison of lung findings between both the groups

Lung parameter
Cohen’s kappa value  
with 95% of CI P value

Right lateral upper zone 1.0 [1.0, 1.0] <0.001

Right anterior upper zone 0.94 [0.88, 1.0] <0.001

Left anterior upper zone 1.0 [1.0–1.0] <0.001

Left lateral upper zone 0.76 [0.64, 0.87] <0.001

Right lateral lower zone 0.67 [0.54, 0.80] <0.001

Right anterior lower zone 0.98 [0.95, 1.0] <0.001

Left anterior lower zone 1.0 [1.0, 1.0] <0.001

Left lateral lower zone 1.0 [1.0, 1.0] <0.001

Pleural effusion 1.0 [1.0, 1.0] <0.001

Diaphragmatic dysfunction 1.0 [1.0, 1.0] <0.001
P  <  0.05: statistically significant; statistical method used: Cohen’s kappa 
agreement
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Similarly, lung ultrasound has excellent sensitivity for detecting 
various lung pathologies such as pneumothorax, interstitial edema, 
consolidation, pleural effusion, and diaphragmatic dysfunction.10 
Lung ultrasound is as useful in diagnosing lung pathologies as a 
routine clinical examination and bedside chest X ray.11 Common 
lung ultrasound findings seen in COVID-19 patients are B-lines, 
air bronchograms, consolidation, and pleural irregularities.10 We 
found a strong agreement for the above findings in six out of 
eight lung zones between both the groups (κ = 0.94–1.0). Also, a 
strong agreement was seen for pleural effusion and diaphragmatic 
movement (κ = 1.0). Kajimoto et al., in a study comparing handheld 
ultrasound to conventional methods, showed the highest specificity, 
negative, positive predictive value, and accuracy with handheld 
ultrasound for rapidly diagnosing acute heart failure syndrome 
and evaluating acute dyspnea. Though they did not compare the 
total duration required for different methods.13 Our study found a 
statistically significant reduction in the time required for bedside 
examination (9.0 vs. 20.0 minutes) using handheld ultrasound with 
high accuracy of the findings. Handheld ultrasound has higher 
sensitivity in assessing abdominal free fluid in hepatorenal recess 
than the conventional ultrasound machine.8 Our study also found 
a substantial to perfect agreement between handheld ultrasound 
and conventional methods for abdominal free fluid (κ = 1.0).

Factors like the presence of arrhythmias, extremes of heart 
rate, COPD patients, chest wall edema in the prone patient may 
lead to the poor echocardiographic window and interfere with 
measurement and evaluation by handheld ultrasound. We should 
keep this limitation in mind.

The SARS-CoV2 virus is highly contagious and has aerosol 
spread as well.14 The use of routine imaging studies is discouraged 
by the American College of Radiology.15 Various types of literature 
have discussed the role of handheld ultrasound in the COVID-19 
pandemic.14,16,17 However, there is a scarcity of studies evaluating 
the role, accuracy, and rapidity of measurement by handheld 
ultrasound in the COVID-19 pandemic.

This study has shown the high accuracy of measurements by 
handheld ultrasound, with a high agreement with the conventional 
method and the rapidity of its assessment.

co n c lu s I o n
Vscan Extend™ handheld ultrasound device helps in the rapid 
identification, assessment, and diagnosis of cardiopulmonary 
manifestations in COVID-19 patients. The agreement between the 
Vscan Extend™ handheld ultrasound device and the conventional 
method proves its efficacy and safety. Use of Vscan Extend™ 
handheld ultrasound device in daily use on a larger perspective both 
in COVID-19 patients and otherwise may reduce the burden on the 
healthcare system by assisting in rapid diagnosis and involvement 
of less healthcare personnel for cardiopulmonary assessment.

hI g h l I g h ts
This research article highlights the role of Vscan Extend™ handheld 
ultrasound device with artificial intelligence in rapid assessment 
of cardiopulmonary status in COVID-19 patients, hence reducing 
the burden on healthcare workers, while being accurate and safe.
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