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Background: We conducted this study to assess the diagnostic test properties of point of care ultrasonography
(POCUS) of lung and cardiovascular system in prediction of mortality in COVID-19 patients.

Methods: This is a cross-sectional study of 178 Covid-19 patients; POCUS was performed within one hour of
admission to the ICU. We estimated sensitivity, specificity, positive predictive value, negative predictive value
for prediction of mortality.

Results: The mean (SD) age of these patients was 57.3 (12.8) years. The findings were on cardiac ultrasonography
were: mild pericardial effusion (45%), chamber dilatation (15%), hypokinesia (11%), and low ejection fraction
(8%). In our study, 30 patients (17%) had died. A cut-off score of > to 13 (for lung ultrasound score [LUS]) had
high sensitivity for mortality (93.3%, 95% CI: 77.9-99.2%). However, low ejection fraction (92.3%, 95% CI:
86,6-96.1%), and thrombosis in either vein (96.5%, 95% CI: 92.0-98.9%) were specific for mortality. A com-
bination of LUS > =13 or low ejection fraction or thrombosis or spontaneous echo contrast (slow flow) improved
sensitivity for mortality to 96.7% (95% CI: 82.8-99.9%). The agreement between LUS of > =13 and CT score of
moderate/severe was 85.7% (95% CI: 62.8-100%). The interrater agreement between these two parameters was
0.82 (95% CI: 0.68, 0.97).

Conclusions: Multi-organ POCUS is effective in diagnosis, prognosis, and management of COVID-19 patients.
Rather than just lung ultrasound, clinicians should use multiorgan POCUS for early identification of severe lung
involvement and thrombotic changes; it may help reduce mortality in these patients.

1. Introduction infection to health care workers during the procedure, risk of trans-

portation, and radiation hazards, risk of deterioration of patient illness.

The World Health Organization (WHO) declared coronavirus disease
of 2019 (COVID-19) to be an infection of concern and a global pandemic
in March 2020 [1]. Thus, the effect of the virus is just not be limited to
lungs but may have multiorgan involvement. Some of these include
cardiac manifestations such as myocarditis, cardiomyopathy, arrhyth-
mias, or coagulopathy leading to deep vein thrombosis, and pulmonary
microthrombosis. [2-6]. A computed tomography (CT) scan has been
identified as screening tool for COVID-19 pneumonia as well as in
diagnosis and triage of patients [7-9]. However, there may be limita-
tions of this procedure such as limited availability (particular in resource
constrained settings, rural and tribal areas), risk of transmission of
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Moreover, for mass-application, such as in cases of epidemic-pandemic
situations, availability of such high end investigations may not be
practically possible [10]. On the other hand, ultrasound has many ad-
vantages like easy availability and portability without any risk of radi-
ation [11].

Thus, Point of Care Ultra-sonography (POCUS) may be useful to
evaluate patients with COVID-19 infection in intensive care units (ICU)
[12,13]. Its most important role is to assess the degree of pneumonia
using bedside lung ultrasound with good sensitivity especially in critical
care units [14]. However, reports have suggested that in addition to
critical care, POCUS is also useful for musculoskeletal, cardiac,
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emergency settings, and in anaesthesia and pain management [15].
With the increased involvement of the myocardium in such patients,
POCUS planned cardiac ultrasound is the most useful tool to assess these
cardiac features of COVID-19 infection [16,17]. Fatal complications like
myocarditis, stress cardiomyopathy, myocardial infarction could be
interpreted in an ICU setting. The other important application of ultra-
sonography is to evaluate the venous system. Patients with COVID-19
infection have dual risk of deep venous thrombosis due to the coagul-
opathy related to COVID-19 infection and due to in-hospital state of the
patient admitted to ICU setting [18,19].

Lung ultrasound can be used to assess COVID-19 patients as it can
detect classic lesions of COVID-19 [20]. Thus, this procedure can be used
to monitor progression of COVID-19 pneumonia [7]. A meta-analysis
found that lung ultrasound has good sensitivity and specificity in diag-
nosis of pneumonia [14]. However, all the studies included in this
meta-analysis were from high-income settings. The role of lung ultra-
sound will particularly be useful in low and low-middle income settings,
where access to health care diagnostics may be limited — particularly in
rural settings. Studies have suggested that lung ultrasound may be useful
in COVID-19 patients [11,21,22]. Indeed, a study found that the sensi-
tivity and specificity of POCUS examination of lungs was good for
diagnosis of non-critical COVD-19 infection [23]. However, as discussed
earlier, due to the multi-system nature of the infection, POCUS can also
be used to for examination of other organs — particularly the cardio-
vascular system.

With this background, we conducted the present study to examine
the utility and assess the diagnostic test properties of POCUS (lung and
cardiovascular system) in prediction of mortality in COVID-19 patients.

2. Material and methods

The current study was a cross-sectional analysis secondary data from
178 COVID-19 patients admitted to a private tertiary care centre in
Mumbai, India (April 2020 to September 2020).

2.1. Study site and population

The data were collected from the intensive care unit (ICU) of a pri-
vate tertiary care centre in Mumbai, India. Mumbai. Data from consec-
utive patients admitted patients were included for the present study.
These patients were admitted to the hospital via the emergency room.
The inclusion criteria were: age > 18 years; positive for nucleic acid of
SARS CoV-2 detected by Reverse Transcriptase Polymerase Chain Re-
action (RT-PCR). Patients who had a history of interstitial lung disease
or tuberculosis were excluded from the present study. We excluded four
patients from the present analysis; these had extensive subcutaneous
emphysema and we could not do the lung ultrasound.

2.2. Study data and procedures

Point Of care ultrasonography (POCUS) was performed within one
hour of admission to the ICU and repeated later as per clinical need of
the patient. It was performed by WINFOCUS certified intensivists with
more than six years of experience in performing point of care ultra-
sound. Philips CX-50 portable machine was used for bedside ultraso-
nography along with phased array probe (1-5 MHz) and Linear probe
(3-12 MHz). The machine and probes were covered with a protective
sleeve cleaned by disinfectants approved for COVID-19 infection after
every use.

Point of care ultrasound including lung, cardiac, and deep vein
analysis was performed. The bedside lung ultrasound in emergency
(BLUE) protocol was applied while performing lung ultrasonography
and included total four insonation points on each lung. Each lung was
divided into upper blue point, lower blue point, phrenic point, and lower
prone point. The following features of lung involvement were assessed
during sonography examination: 1) Pleural line: presence of sliding/
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thickening/irregularity of pleural line 2) Presence of ‘B’ lines: They were
classified as B7: 7 mm apart, B3: 3 mm apart and Biroulleau pattern:
Confluent B lines. 3) Presence of consolidation: It was characterized by
presence of shred sign/tissue like sign with static or dynamic air bron-
chograms or subpulmonic consolidation (‘C’ Lines). 4) Pleural effusion.
Each examination point was scored as follows: ‘A’ profile: 0; B'7 profile:
1 point; B'3 profile: 2 points; Biroulleau profile: 3 points; and C’ profile:
4 points. These profiles were defined as per BLUE protocol [24]. Such
scoring systems have been used in literature [25]. The total score was
calculated by adding individual score from all the eight points. The final
score was called the ‘lung ultrasound score’ (LUS).

Cardiac sonography was done using the focus-assessed transthoracic
echocardiography (FATE) [26] protocol and included parasternal long
axis, parasternal short axis, apical four chamber and subcostal views.
Each view was examined for any regional wall abnormality, chamber
dilatation, and ejection fraction. Presence of pericardial effusion or any
chamber clot was also looked for. Ejection fraction was evaluated with
eyeballing method. [27] The size of pericardial effusion on
two-dimensional echocardiography was qualitatively assessed by the
end-diastolic distance of the echo-free space between the epicardium
and parietal pericardium: small (<10 mm), moderate (10-20 mm), large
(>20 mm) [28]. The chamber dilatation was assessed and reported by
eye balling. Lower limb deep vein analysis was done using linear probe
(5-12 MHz) and two-point compression sonography method [29]. The
common femoral and popliteal veins were examined bilaterally for
collapsibility, presence of any thrombus, or spontaneous echo contrast.
We used these data for the present analysis.

2.3. Clinical data and other investigations

A detailed COVID-19 specific history along with examination and
national early warning score (NEWS) 2 score reporting was done at
admission to the critical care unit. Blood investigations including com-
plete blood count, arterial blood gas, liver & renal function tests,
coagulation profile, other laboratory parameters (quantitative Troponin
I, p-Dimer, N terminal Pro BNP, Procalcitonin) and inflammatory panel
including Interleukin-6 levels, C Reactive Protein, ferritin, and lactate
dehydrogenase were carried out. A portable chest radiograph was done
within two hours of admission. A high-resolution computed tomography
of the chest or CT pulmonary angiography was done only in selected
cases as per the clinical scenario of each patient. We abstracted all these
data for the present analysis.

2.4. Statistical methods

We estimated the means and standard deviations (SD), or median
and interquartile range (IQR) for continuous variables. We estimated the
proportions for categorical variables. The means between two groups
were compared using the t-test and Mann Whitney U test was used for
non-parametric data. The proportions were compared using the chi
square test or Fisher’s exact test for low expected cell counts. We used
the receiver operator characteristic (ROC) curves to identify the optimal
cut-off for the lung ultrasound score for mortality in these patients. After
identifying the optimal cut-off, we estimated the sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV) for
prediction of mortality in cases of COVID-19 for this score. We also
estimated these parameters for other cardiovascular findings on the
ultrasound (low ejection fraction [yes/no], slow flow in either the
common femoral vein or popliteal vein [yes/no], thrombosis in either
the common femoral vein or popliteal vein [yes/no]). Furthermore, we
combined the lung and cardiovascular features for identifying optimal
sensitivity, specificity, PPV, and NPV for mortality in these patients.

We also did a sub-group analysis of comparing the severity scores as
obtained by CT scans (49 patients) and the lung USG scores. We esti-
mated the Gwet’s AC interrater agreement between these two scores
[30-32].
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A p value of < 0.05 was considered statistically significant. Data
were analysed using Stata Version 15.1 (© StataCorp, College Station,
Texas, USA).

The study was approved by the local Institutional Review Board as a
secondary data analysis of clinical data.

3. Results

The mean (SD) age of these patients was 57.3 (12.9) years. About
71% of the study participants were males and 29% were females; there
was no significant difference in the age of males and females (58.0
[14.1] vs 57.0 [12.4]; p = 0.65). The most common complaints were
fever (85%), dyspnoea (75%), and cough (57%). The median (IQR)
duration of symptoms to admission was 1 (1, 2) days. The common
morbidities in these patients were hypertension (53%) and diabetes

Table 1
Table showing the demographic and clinical features in 178 COVID-19 patients,
India.

Variable Total Death - Yes Death - No p value
N (%) n (%) n (%)
178 (100) 30(17) 148 (83)
Demographics
Age (Mean [SD]) 57.3 (12.8) 61.8 (14.2) 56.3 (12.4) 0.03
Gender
Female 51 (29) 9 (18) 42 (82) 0.86
Male 127 (71) 21 (17) 106 (83)
History
Contact 34 (19) 5(15) 29 (85) 0.70
Travel 5(3) 1 (20) 4 (80) > 0.99
Complaints
Fever 151 (85) 23 (15) 128 (85) 0.17
Cough 101 (57) 10 (10) 91 (90) 0.005
Dyspnoea 134 (75) 20 (21) 106 (79) 0.012
Sore Throat 11 (6) 109 10 (91) 0.48
Anosmia 1) 0 (0) 1 (100) > 0.99
Ageusia 6(3) 0(0) 6 (100) 0.59
Co-morbidities
Diabetes mellitus 70 (39) 12(17) 58 (83) 0.93
Hypertension 94 (53) 17 (18) 77 (82) 0.64
Ischemic heart disease 29 (16) 5(17) 24 (83) 0.95
Obesity 6 (3) 0 (0) 6 (100) 0.59
Other 43 (24) 6 (14) 37 (86) 0.56
SOFA Score 3(2,4) 7.5 (5, 9) 2(2,3) <
0.001
P/F Ratio (Mean [SD]) 196.5 114.2 213.3 <
(97.3) (43.8) (96.7) 0.001
Laboratory parameters
Haemoglobin (g/dl) 12.7 (1.9) 12.9 (1.7) 12.7 (1.9) 0.46
(Mean [SD])
Total WBC (per cumm) 9185 11170 8860 0.003
(Median [IQR]) (5930, (8740, (5750,
12680) 17410) 11590)
N/Lratio (Median [IQR]) 8 (4.5, 10.8 (8.0, 7.2 (4.4, 0.005
12.8) 18.6) 12.0)
C-reactive protein (mg/ 68 (34.6, 67.3 (43.5, 69.4 (33.3, 0.98
L) (Median [IQR]) 158.0) 165.0) 157.3)
S. ferritin (ng/ml) 469 (213, 538.5 (332, 411 (196, 0.06
(Median [IQR]) 1000) 1410) 988)
Lactate dehydrogenase 379.5 561 (436, 357 (292 <
(U/L) (Median [IQR]) (298.5, 709) 457) 0.001
513)
Interleukin - 6 (pg/ml) 72.3 (22.9, 106 (47.1, 67.0 (15.8, 0.03
(Median [IQR]) 156) 228.6) 135.5)
p-Dimer (mg/L) (Median 0.85 (0.48, 2.34 (0.72, 0.75 (0.46, 0.002
[IQRD) 2.30) 8.06) 1.73)
NT-pro-BNP (pg/ml) 305.5 (128, 602.5 282.5 0.003
(Median [IQR]) 753) (305.5, (97.5,
1640) 679.0)
Troponin (ng/ml) 0.012 0.022 0.012 0.0001
(Median [IQR]) (0.012, (0.012, (0.012,
0.012) 0.132) 0.012)
Procalcitonin (ng/ml) 0.15 (0.10, 0.41 (0.10, 0.11 (0.10, 0.013
(Median [IQR]) 0.47) 0.80) 0.44)
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mellitus (39%). Additional demographic and clinical findings are pre-
sented in Table 1. The median (IQR) NEWS 2 score at the time of
admission was 7 (5, 9); about 40% of participants were severe, 42%
were medium, and 19% were in the low category. The median (IQR)
sequential organ failure assessment (SOFA) score was 3 (2,4), and the
mean (SD) P/F ratio was 196.5 (97.3). In our study population, 30 pa-
tients (17%) had died. Baseline demographic, clinical characteristics,
and laboratory parameters have been presented in Table 1.

The most common findings seen on the USG of lungs (including all
the zones) were: sliding (100%); irregular pleura (99%); B3 (99%);
Biroulleau (67%); subpulmonic consolidation (64%); and B7 (61%). The
less common features were: pleural effusion (4%) and air bronchogram
(2%) (Fig. 1). The severity of the USG findings in various zones (blue
point 1, blue point 2, phrenic point, and prone position of the right and
left lungs are presented in Fig. 2). As seen in the figure, severe findings
were noted in the left and right prone position (60% and 61% respec-
tively). We have also highlighted other USG features - B3 lines, sub
pleural consolidation, and irregular pleura (break) - in Fig. 3 A, B, and C.
A figure of spontaneous echo contrast (slow venous flow) in the common
femoral vein is shown in Fig. 3 D.

The common sonographic findings of the cardiovascular system
were: spontaneous echo contrast (slow venous flow) in common femoral
vein (65%); pericardial effusion (45%); chamber dilatation (15%); slow
venous flow in the popliteal vein (12%); hypokinesia (11%); and low
ejection fraction (8%) (Fig. 4). In our study all the pericardial effusions
were of small size. None of the patients were diagnosed as ‘myocarditis’.
In general, there was no association between slow venous flow or
thrombosis with the d- Dimer value or NEWS 2 score. We found that a
lower proportion of individuals who had ‘spontaneous echo contrast’
(slow venous flow) in the popliteal vein were in the ‘severe category’ of
NEWS 2 score compared with those who did not have slow flow; the
difference in proportions, however, was not statistically significant
(19% vs 43%; p = 0.06). In general, there was no association between
vascular parameters and severity of lung findings. Finally, we found that
mortality was higher in patients who had features of thrombosis in the
common femoral vein compared with those who did not have a

Pulmonary Findings
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Subpulmonary Consolidation 64
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Fig. 1. Graph showing the common findings seen on the ultrasonography of
lungs in COVID-19 patients, Mumbai, India.
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USG Findings
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Fig. 2. Graph showing the severity of findings in multiple zones of the lung as seen on the ultrasonography of the lung in COVID-10 patients, India.

LT LOWR BR

75 mm/s

Fig. 3. A: Image showing Sub Pleural Consolidation. Fig. 3 B: Image showing irregular pleura at Left Blue Point. Fig. 3 C: Image showing B3 Lines. Fig. 3 D: Image
showing Slow Flow in Common Femoral Vein.
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Fig. 4. Graph showing the common findings seen on the ultrasonography of
cardiovascular system in COVID-19 patients, Mumbai, India.

thrombosis (50% vs 16%; p = 0.03). Even though, the proportion of
deaths was higher in those with a thrombosis in the popliteal vein
compared with those who did not, the difference was not statistically
significant (67% vs 16%; p = 0.08). Detailed proportions for association
between spontaneous echo contrast (slow venous flow) and thrombosis,
and d- Dimer values, NEWS 2 score, lung USG score, and mortality are
presented in Table 2.

Using the ROC analysis, we found that a cut-off score of greater than
or equal to 13 (for LUS) had a high sensitivity for mortality (93%, 95%
CI: 77.9-99.2%). However, low ejection fraction (92.3%, 95% CI:
86,6-96.1%) and thrombosis in either vein (96.5%, 95% CI:
92.0-98.8%) were specific for mortality. A combination of LUS > =13
or low ejection fraction or thrombosis or spontaneous echo contrast
(slow flow) had improved the sensitivity for mortality to 96.7% (95% CI:
82.8-99.9%). We have presented estimates and their 95% confidence
intervals for sensitivity, specificity, positive predictive value, and
negative predictive value for various ultrasound findings in Table 3.

The mean (SD) P/F ratio was lower in those with a LUS of > =13
compared with those who had a lower score; though the difference was
not statistically significant (190.3 [83.6] vs 219.1 [135.3]; p = 0.11).
We identified pneumothorax and pulmonary embolism in 6% of the
study population. All patients with pneumothorax were treated with
intercostal drainage. Patients with hemodynamically unstable pulmo-
nary embolism along with signs of right ventricular dysfunction on
POCUS were thrombolysed with intravenous tissue plasminogen
activator.

As indicated in the methods, we did a sub-group analysis of 49 pa-
tients in whom the CT scan reports were available. The median (IQR) CT
score in these patients was 18 (15, 21); five (10.2%) were classified as
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Table 3
Table showing the diagnostic test properties of various USG findings in COVID-
19 patients, India.

Test Sensitivity Specificity Positive Negative
Predictive Predictive
Value Value

Lung USG Score 93.3 (77.9, 24.5(17.7, 20.6 (14.1, 94.6 (81.8,
> =13 99.2) 32.4) 28.4) 99.3)

Low Ejection 10.3 (2.2, 92.3 (86.6, 21.4 (4.7, 83.4 (76.7,
Fraction 27.4) 96.1) 50.8) 88.9)

Slow flow (CFV or 60.0 (40.6, 34.0 (26.5, 16.1 (9.8, 80.3 (68.2,
Popliteal) 77.3) 42.7) 24.2) 89.4)

Thrombosis (CFV or 16.7 (6.0, 96.5 (92.0, 50.0 (18.7, 84.7 (78.2,
Popliteal) 34.7) 98.9) 81.3) 89.8)

Low ejection 26.7 (12.3, 88.8 (82.5, 33.3 (15.6, 85.2 (78.5,
fraction or 45.9) 93.5) 55.3) 90.5)
Thrombosis

Lung USG Score 93.0 (77.9, 21.0 (14.6, 19.9 (13.6, 93.8 (79.2,
> =13 or Low 99.2) 28.6) 27.4) 99.2)
ejection fraction
or Thrombosis

Lung USG Score 96.7 (82.8, 10.5 (5.9, 18.5 (12.7, 93.8 (69.8,

> =13 or Low 99.9) 16.7) 25.4) 99.8)
ejection fraction

or Thrombosis or

Slow flow

mild, 14 (28.6%) were classified as moderate, and 30 were classified as
severe (61.2%). CT pulmonary angiography was done in nine (18.4%) of
these patients. We found that the agreement between USG score of
> =13 and CT score of moderate/severe was 85.7% (95% CI:
62.8-100%). The interrater agreement between these two parameters
was 0.82 (95% CI: 0.68, 0.97).

4. Discussion

The present study on the use of point-of-care ultrasonography of
lungs and the cardio-vascular system (COVID-19 POCUS protocol) pro-
vides useful data on its utility in management of COVID-19 patients. The
most common features seen on lung ultrasound were presence of sliding,
irregular pleura, and B3 lines (B prime profile). In our study, severe
findings were noted in the left and right prone positions - suggestive of a
predominant lower lobe subpleural involvement. We also recorded
spontaneous echo contrast and thrombosis in blood vessels. We also
observed that mortality was higher in patients who had thrombosis in
these veins. A lung ultrasound severity score of 13 was an optimal cut-off
for prediction of mortality. A combination of lung and CVS findings
improved the sensitivity. There was good agreement between the

Table 2
Table showing the association between Cardiovascular findings and other outcomes in COVID-19 patients, India.
D Dimer category NEWS 2 Score (Admission) Lung USG Score Death
Common Femoral Vein High Normal Low Medium Severe 0-12 > =13 No Yes
Slow Flow
Yes 81 (74) 28 (26) 46 (42) 46 (42) 18 (16) 20 (17) 96 (83) 94 (85) 17 (15)
No 39 (71) 16 (29) 22 (36) 25 (41) 14 (23) 18 (29) 44 (71) 49 (79) 13 (21)
p value 0.78 0.52 0.07 0.40
Thrombosis
Yes 6 (75) 2(25) 0 (0) 4 (50) 4 (50) 0 (0) 8(100) 4 (50) 4 (50)
No 114 (73) 42 (27) 32 (20) 67 (41) 64 (39) 38 (22) 132 (78) 139 (84) 26 (16)
p value > 0.99 0.46 0.21 0.03
Popliteal Vein
Slow Flow
Yes 11 (58) 8 (42) 7 (33) 10 (48) 4(19) 209 20 (91) 18 (86) 3(14)
No 109 (75) 36 (25) 25(17) 61 (41) 64 (43) 36 (23) 120 (77) 126 (82) 27 (18)
0.17 0.06 0.17 > 0.99
Thrombosis
Yes 2(67) 1(33) 0(0) 2(67) 1(33) 0(0) 3 (100) 1(33) 2(67)
No 118 (73) 43 (27) 32(19) 69 (41) 1(33) 38 (22) 137 (78) 142 (84) 28 (16)
> 0.99 > 0.99 > 0.99 0.08
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severity of lung ultrasound scores and CT scan scores.

POCUS is an important diagnostic tool in diagnosis and management
of COVID-19. It has been reported that sonographic changes may be
present even before development of hypoxemia [33]. Some common
features seen on lung ultrasound are irregular pleura, multiple patterns
of B lines, consolidations, or pleural thickening [34-38]. We also found
these patterns of B prime profile and C profile in our study population.
Even though, pleural effusion was seen in our population, the proportion
was low (4%). Other authors have also reported that pleural effusion is
an uncommon feature on the lung ultrasound in COVID-19 patients [34,
39]. In fact, in our study majority of the patients (75%) with pleural
effusion had cardiac changes as well (pericardial effusion or low ejection
fraction), probably suggesting a cardiac cause rather than a pulmonary
cause. Though pleural effusion may be seen in patients with COVID-19,
authors have argued that it may be uncommon and other causes should
also be investigated [40-42]. Based on our findings, we also suggest that
in the presence of pleural effusion on USG, the clinician should actively
search for other causes (non-pulmonary) as well. Even though, we pre-
dominantly reported lower lobe involvement of the lungs, other authors
have reported more involvement of the upper lateral and posterior zones
[43].

The role of cardiac ultrasonography has also been discussed in
literature. Indeed, findings suggestive of cardiomyopathy and acute
cardiac injury have been reported by various authors [44,45]. Cameli
and colleagues [46] have presented a review of cardiac findings in the
COVID-19 patients. Some of the important presentations are left ven-
tricular dilatation (as a feature of acute heart failure), abnormalities of
ventricular walls (features suggestive of acute coronary syndrome), or
pericardial effusion (suggestive of tamponade) [46]. The most common
finding in our study was mild pericardial effusion followed by chamber
dilatation. Though, we had cases of mild pericardial effusion, there was
no case of cardiac tamponade suggesting that it may be a primary
feature of COVID-19 involvement of the pericardium. Nonetheless, these
cardiac findings had high specificity for prediction of mortality. Previ-
ous studies have found that the prevalence of venous thrombosis ranges
from 25% to as high as 69% in moderate to severe COVID-19 cases [18,
47-49]; however, the proportion of venous thrombosis in our study was
about 6%. This may be due an actual low prevalence of thrombosis in
our population, or due to universal USG in all patients (irrespective of
the severity of the disease), we may have picked up the cases relatively
early on in the disease. This may help us initiate antithrombotic treat-
ment early and perhaps, reduce the mortality in these patients. Spon-
taneous echo contrast was initially reported by Dugar and colleagues in
patients with COVID-19 in whom POCUS was done. They found a high
proportion of this feature in their patients and it was also associated with
high inflammatory markers and increased incidence of deep vein
thrombosis [47]. Another study found that patients with spontaneous
echo contrast had hyper viscosity and thrombotic events [50]. In gen-
eral, there was no association between spontaneous echo contrast with
the D Dimer value or NEWS 2 score. This further reaffirms the fallacy of
using d- Dimer based anticoagulation and adds value to include the
COVID-19 POCUS protocol to identify thrombosis of common femoral or
popliteal veins.

The diagnostic and prognostic attributes of POCUS in COVID-19
have been discussed in the literature [51]. A study by Castelao and
colleagues [25] found that severity of lungs in the anterior region was
significantly associated non-invasive respiratory support (NIRS)
Furthermore, they also found that an overall score of 19 was an optimal
cut-off for NIRS. Another study by Dargent and co-workers [52]
described the role of lung ultrasound score in management of COVID-19
patients. They found that it was associated with disease progression and
early diagnosis of ventilator associated pneumonia. We found that a
cut-off of 13 for the lung score had a good sensitivity and negative
predictive value for mortality. Thus, this score can be used for active
monitoring and management of COVID-19 patients. In addition, patients
with pneumothorax can also be monitored and managed appropriately.
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As seen in our study, thrombosis and low ejection fraction had a high
specificity and negative predictive value for mortality. Thus, individuals
who did not have these features had a low probability of death.
Furthermore, presence of a thrombus also helps in early initiation of
antithrombotic management in these patients. It has been highlighted
that multi-organ sonography is relatively easy compared with a CT scan
[33]. This POCUS of the lungs and cardiovascular system is not only
useful in diagnosis of COVID-19 but also in management of complica-
tions [53] and prognosis.

The study had its limitations. We did not repeat the COVID-19
POCUS protocol to monitor the progress of ultrasound changes and
the clinical course during the stay in the hospital. This would have
helped in monitoring the progress of the changes and its association with
disease progression in these patients. Furthermore, we used mortality as
the main outcome in our study. Previous authors have used NIRS and
other intermediate outcomes. We could have added the upper prone
point & the PLAPS to make the lung ultrasound severity score more
robust, but it would have added to the insonation time.

Nonetheless, despite these limitations the study is a useful addition
to the literature on the role of point of care ultrasonography. We have
included both pulmonary and cardiovascular sonography (COVID-19
POCUS protocol) in our study. We found that a combination of pulmo-
nary (>= 13 score on lung ultrasound) and cardiovascular findings (low
ejection fraction, thrombosis, and slow flow) were sensitive for predic-
tion of mortality in COVID-19 patients. More specifically, pulmonary
findings had a higher sensitivity and cardiovascular findings had a
higher specificity. The advantages of ultrasonography - such as porta-
bility, bed-side procedure, detection of silent cases (in contacts), and
exposure to fewer health care workers— has been discussed in literature
[35,54]. Our study finds that multi-organ POCUS is effective in diag-
nosis, prognosis, and management of COVID-19 patients since
COVID-19 does not involve the lung alone but other organs as well.
Rather than just lung ultrasound, clinicians should use a multiorgan
POCUS with a predefined protocol like ours in COVID-19 patients. This
will help in early identification of severe lung involvement and throm-
botic changes, and may help to reduce the mortality in these patients. It
will be useful in rural areas of low and low-middle income countries
(such as India, which was affected by stronger second wave of COVID-19
infection). In rural areas, access to radio-diagnostics such as CT scans is
limited, and POCUS may be a good alternative.
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