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Introduction

The Sars-CoV-2 pandemic, with many millions of 
confirmed cases and hundreds of thousands of deaths in 
185 countries around the world [1], is a medical emer-
gency we have never faced. The pandemic outbreak has 

led to an overwhelming number of severe cases, which 
has compromised the delivery of health services, with 
difficulties in guaranteeing diagnostic tests, imaging, 
ventilators, health personnel, and personal protection 
equipment [1-3]. Although chest x-ray and high-resolu-
tion computed tomography (HRCT) are the gold stand-
ards for diagnosis and follow-up of pneumonia, in these 
conditions at a high risk of contamination of imaging 
devices, hospital environments, and with resource con-
straints, their applicability is limited and difficult to man-
age [4]. Moreover, critically ill patients are at a high risk 
of destabilization during the transport to the radiology 
units; therefore, bedside imaging may play a fundamen-
tal role. Some patients develop severe forms with adult 
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respiratory distress syndrome (ARDS) and multi-organ 
dysfunction including myocardial involvement (myocar-
ditis, pericarditis, infarction, etc), heart failure, acute kid-
ney failure, liver and spleen dysfunction, disseminated 
intravascular coagulation or thromboembolism, viral and 
necrotizing encephalitis and brain edema [5-12]. 

In this context, ultrasound (US) is the method that 
best meets these needs. Focused or point-of-care US 
(POCUS) is defined as ultrasonography brought to the 
bedside for real-time performance [13] and can be em-
ployed out of hospitals for emergency or disaster triage 
[14-16]. Images are collected immediately and are easily 
repeatable in cases when the patient’s condition changes. 
POCUS is performed in different medical specialties 
for vastly different clinical conditions both for diagnos-
tic, procedural, and screening purposes. Many hospitals 
had to reallocate healthcare workers to cope with the 
COVID-19 pandemic. Several medical specialists, such 
as emergency physicians, intensivists and anaesthesiolo-
gists, internists, cardiologists, rheumatologists and pain 
therapists, adopted POCUS in their clinical practice both 
as a diagnostic and interventional tool and could be em-
ployed, as a multidisciplinary unit, in the management of 
COVID-19. The purpose of this review is to evaluate all 
the fields of application of POCUS ultrasound in COV-
ID-19, based on literature and our clinical experience.

General recommendation on safety and 
protection

In the setting of COVID-19, the risk of contamination 
and infection is extremely high, so the most important 
thing is to protect the operator, assistant staff, and pa-
tients. Consider having a dedicated ultrasound machine 
just for COVID-19 patients so as not to transmit the dis-
ease to staff or other patients. Our suggestion is to disin-
fect first the probe(s), cables, and machine with wipes, 
then apply the first cover to the probe(s) and secure with 
elastic bands, then also cover the ultrasound machine. 

Before entering the room and/or scan patients, put a sec-
ond cover. In this way, you change from patient to patient 
the external cover and disinfect the internal one, in order 
also to protect the probe from chemical damage. Always 
wear appropriate personal protective equipment (mask, 
face shield, gown, double gloves etc.). 

Lung ultrasound

For lung US is possible to use a micro-convex or 
convex array, phased array, and linear probes. Convex 
and linear probes allow better resolution of superficial 
pathology (subpleural consolidation) than a phased array. 
Linear probes are suggested to be used in early or mild 
disease to provide rich information of minor pleural or 
subpleural lesions, thus improving accuracy. Although it 
is possible to use both probes (linear + convex) to com-
plete the examination, it requires more time, therefore, a 
higher risk of contamination. We recommend a 12-point 
lung scan because the disease distribution is patchy and 
may involve any part of the lung, as reported in CT stud-
ies [17]. Patient positioning may vary depending on 
disease severity. For early to moderate disease patients 
can be upright or in the lateral position with the arm ab-
ducted. In supine decubitus it is possible to lateral roll 
the patient to access the posterior lung where in prone 
the swimmer position [18] can help to scan the anteri-
or lung. The following patterns have been described in 
COVID-19 patients: localized or diffused (fig 1A) and 
confluent B-lines (fig 1B) with spare areas, irregular and 
thickened pleural line with scattered discontinuities (fig 
1C), subpleural and alveolar consolidations (tissue-like 
with air bronchograms) (fig 1D). Pleural effusion is rare 
while localized effusion around the lesions are detectable 
and related to crazy paving CT images (fig 1E) [19,20]. 
The disease can gradually develop, or suddenly deterio-
rate into severe and critically ill. Focal B lines are the 
main feature of early-stage and mild disease, while al-
veolar consolidation is the main feature of the progres-

Fig 1. Lung ultrasound: A) B-lines; B) confluent B-lines; C) pleural line with scattered discontinuities; D) consolidation with air 
bronchograms; E) Localized pleural effusion related to crazy-paving on CT scans. 
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sive stage and in severe disease. Prompt clinical identi-
fication, early assessment, and rapid severe grading are 
crucial to improving prognosis. A lines can be found in 
convalescent, and thickened pleural line with irregular B 
lines can be found in lung fibrosis [19]. Although it is not 
yet a proven and widespread methodology, lung elastog-
raphy [21-23] could be a valuable aid in differentiating 
the stages of lung disease in covid-19 [24].

Cardiac ultrasound

Focused cardiovascular US aims to confirm clinical 
findings and is complementary to clinical and laboratory 
findings. Standard 2D B Mode scanning for a qualitative 
“gross visual assessment” is what we need in the clinical 
setting to manage patients. Based on cardiac pathology 
described in COVID-19, we recommend performing four 
standard cameras to look for suspicious sign for ST-Ele-
vation Myocardial Infarction (STEMI), pulmonary em-
bolism (PE), myocarditis and pericarditis or tamponade 
[6,12].  

It is recommended to use a cardiac phased array 
probe; alternatively, a convex can be used. For the par-
asternal long-axis view (PLAX) (fig 2A), the beam must 
be oriented with the long axis of the left ventricle. The 
transducer is placed on the 3rd-5th intercostal space at the 
left of the sternum with the marker orientated to the right 
clavicle. In this view, it is possible to examine the peri-
cardial space (PS) for effusion (fig 2B), dimensions and 
contractility of left and right ventricles (LV and RV) and 
septum, movement of mitral valve (MV) anterior leaflet, 
of aortic root, and left atrium (LA). Rotating the probe 
clockwise 90 degrees, the parasternal short-axis view 
(PSAX) is obtained. Tilting the probe, we can examine 
at the level of papillary muscles, MV, and aortic valve 
(AV). Assess for regional abnormal wall motion, PS ef-
fusion, and the relative shapes and sizes of the two ven-
tricles (LV round-shaped and RV crescent-shaped) (fig 
2C with D-sign). To obtain the apical four-chamber view 
(A4C), put the probe at the point of the maximum im-
pulse (or 5th intercostal space near the anterior axillary 
line) with the beam directed to the patient head with the 
marker at 3 o’clock (fig 2D). By rotating the probe 45-90 
degrees anticlockwise, we obtain the apical two cham-
bers view (A2C) useful to visualize the true anterior and 
true inferior walls of the LV, which is important for the 
assessment of regional wall motion abnormalities. The 
subcostal long-axis view (SLAX) may provide the only 
achievable view in technically challenging patients, such 
as those who are receiving mechanical ventilation or with 
chronic pulmonary diseases. For obtaining this view, the 
probe is put below and slightly to the right of the xiphi-

sternum with the marker at 3 o’clock position and tilting 
anteriorly. It may be necessary to push into the abdomen 
to achieve this view. Examine PS, LV, RV, LA, RA, and 
up and down movement of MV (LV function) (fig 2E). 
By moving the probe, it is possible also to evaluate the 
inferior vena cava (IVC). 

The most common findings are the regional abnormal 
wall motion in typical segments of coronary artery dis-
tribution in STEMI; the change of shape of RV with the 
flattened interventricular septum and RV/LV ratio>1 and 
dilated and non-collapsible IVC in PE; pericardial effu-
sion and thickened pericardium in pericarditis; regional 
or global LV dysfunction and LV dilation or thickening 
of the ventricular wall due to edema in myocarditis and 
pericardial effusion with RV and RA collapse with di-
lated and non-collapsible IVC in tamponade. 

Vascular ultrasound

POCUS vascular ultrasound focuses on congestive 
status and thrombosis assessment. For congestion, he-
patic, portal vein, intra-renal venous Doppler must be 
evaluated with the IVC. Severe venous congestion was 
defined as the presence of severe flow abnormalities in 
multiple Doppler patterns with a dilated IVC (≥2 cm). 
The complete method for hepatic, portal, and renal Dop-
pler assessment has been previously published [25]. For 
the hepatic vein Doppler, a systolic phase was of lesser 
amplitude than the diastolic phase, but towards the liver 
was considered mild while the presence of a reversed 

Fig 2. Cardiac ultrasound: A) parasternal long-axis view;  
B) parasternal long-axis view with pericardial effusion (*);  
C) parasternal short-axis view with D-sign; D) apical four-
chamber view; E) subcostal long-axis view.
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systolic phase was considered severe  [26]. For the portal 
vein Doppler, a pulsatility fraction (PF) of 30–49% was 
considered mild while a PF>50% was considered severe. 
The IVC diameter was measured in its intra-hepatic por-
tion at 2 cm of the junction with the hepatic veins us-
ing a longitudinal view from a sub-xiphoid position [27]. 
When the sub-xiphoid window was not appropriate, the 
probe was moved laterally to the right side of the body, 
over the liver, until an adequate view was achieved. For 
thrombosis, we recommend a 3-point lower leg exami-
nation with a linear probe at the common femoral vein, 
superficial femoral vein, and popliteal vein. For obtain-
ing a better view, the lower extremity is put in a frog-like 
position, and the scan starts from proximal to distal us-
ing compression to evaluate the vein collapse (fig 3A,B). 
For routine scans, it is not necessary color-Doppler [28] 
nor augmentation (calf squeeze) because of the high 
incidence of thrombosis in COVID-19 patients. Non-
collapsible vein, direct clot visualization (fig 3C), or no 
color-Doppler flow with augmentation (fig 3D) are signs 
of vein thrombosis. Jugular and subclavian veins should 
also be included in a routine examination. 

Abdominal ultrasound

In COVID-19 the use of FAST scanning protocol [29] 
can be added to a routine evaluation in COVID clinics 
to identify early signs of multi-organ failure or sugges-
tive of secondary hemophagocytic lymphohistiocytosis 
(sHLH). Splenomegaly was the most common finding 
followed by hepatomegaly with increased or heteroge-
neous echogenicity, ascites, gallbladder wall thickening, 
periportal echogenicity, lymphadenopathy and pleural ef-
fusion [30,31]. Chateil et al speculated that the increased 
periportal echogenicity and gallbladder wall thickening 
seen in many patients with HLH could represent the por-
tal lymphohistiocytic infiltration and lymphatic and/or 
portal venous stasis [32]. Regression or disappearance 
after treatment has also been reported, suggesting a po-
tential role in the monitoring of the disease. 

With the right and left upper quadrants and an an-
terior scan, we can evaluate the presence of intraperito-
neal fluid, dimensions, and echogenicity of the spleen 
and liver, and to check the gallbladder walls and peri-
portal echogenicity. In the supine position, start in the 
left upper quadrant near the posterior axillary line in the 
area of the 10th rib to identify the spleen in the longi-
tudinal view. Align the probe with the long axis of the 
spleen to measure (fig 4A). Splenomegaly was defined 
as an anteroposterior dimension >13 cm [33]. To evalu-
ate echogenicity and check for fluid around the spleen or 
in between the spleen and left kidney, the entire spleen 

should be scanned from the upper to the lower pole. The 
gallbladder wall thickening (>3 mm) and the periportal 
echogenicity are evaluated in the anterior view near the 
midclavicular line, then the probe is moved to the right 
upper quadrant to scan the Morison pouch and to meas-
ure craniocaudally the right liver lobe for hepatomegaly 
(>15 cm) (fig 4B) [34]. 

Considering that renal dysfunction and acute kidney 
injury (AKI) are not uncommon in patients hospitalized 
for COVID-19 and are associated with mortality [35], it 
is essential to scan the kidneys for assessing the kidney’s 

Fig 4. Abdominal ultrasound: A) Left upper quadrant scan with 
long axis spleen visualization; B) Right upper quadrant scan 
with right liver lobe, kidney and Morison pouch visualization.

Fig 3. Vascular ultrasound: A) common femoral vein (CFV) 
scan in frog-like position; B) under compression; C) direct clot 
visualization; D) direct clot visualization (*) in the saphenous 
vein (SV) and CFV with no Color-Doppler flow with augmen-
tation technique (calf compression).
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size, echogenicity, and cortical and parenchymal thick-
ness. Large kidneys in AKI (pole-to-pole 10-12 cm) may 
result from acute glomerulonephritis and acute intersti-
tial nephritis (due to edema and inflammatory infiltrates) 
and renal vein thrombosis (edema from congestion) 
[36]. Increased cortical echogenicity (relative to liver 
or spleen) can be seen in AKI where inflammatory infil-
trates and proteinaceous casts reflect sound waves, like in 
acute glomerulonephritis and acute tubular necrosis. De-
creased cortical echogenicity usually results from inter-
stitial edema in cases of inflammation or infection. The 
cortical thickness, measured from the base of the medul-
lary pyramid to the outer edge of the kidney, is about 
7-10 mm, being thicker at the poles and is useful for dis-
tinguishing between AKI and chronic disease where it is 
generally reduced  [37].

Ocular ultrasound 

Ocular ultrasound is a relatively new application 
but its ability to evaluate the eye is also of great value 
in COVID-19 patients. This is a quick, precise and non-
invasive tool to evaluate various conditions such as vit-
reous haemorrhage, retinal thrombosis, papilledema due 
to increased intracranial pressure, as for central venous 
thrombosis, inflammatory diseases, etc. [38-43]. A lin-
ear probe (7.5-10 MHz or more) is used to scan with a 
closed eye technique. Gel stand-off technique is useful 
to not compress the eye. The eye can be scanned both 
in sagittal and transversal planes. The depth must be ad-
justed to allow visualization of the optic nerve posterior 
to the eyeball. The structures of the eye are easily visible, 
since it is a globe filled with liquid (fig 5A). The ante-
rior, posterior and vitreous chambers are anechoic and 
divided from each other by clearly recognizable hyper-
echoic structures. The normal retina, on the other hand, 
cannot be distinguished from the other choroidal layers. 

Behind the eyeball, we recognize the optic nerve as a 
linear hypoechoic structure that moves away posteriorly. 
The evaluation of the diameter of the optic nerve sheath 
is a simple non-invasive procedure that provides us with 
an evaluation of intracranial pressure [43].  A normal op-
tic nerve sheath measures up to 5.0 mm in diameter at 
3mm posterior to the globe. A normal optic nerve sheath 
measures up to 5.0 mm in diameter at 3 mm posterior to 
the globe. An average size between 5 and 6 or more than 
6 mm is considered abnormal and elevated intracranial 
pressure should be suspected (fig 5B). It is recommended 
not to take the measurement in the pronated patient and 
to wait at least an hour after supination. The position in 
pronation, either with straight or rotated head, could in-
crease the stasis resulting in an overestimated measure. 
Vitreous haemorrhage appears as echogenic material in 
the posterior chamber (fig 5C). Retinal thrombosis ap-
pears as a dilated optic nerve sheath with hyperechoic 
material (clot). 

Ultrasound guided interventions

Patients with COVID-19, especially those in ICUs, 
require interventional procedures such as central venous 
catheter placement and arterial cannulation. 

Central venous catheter placement is mainly per-
formed in the internal jugular vein (IJV) or the subclavi-
an vein (SV), in three consecutive steps. The first step is 
the needle, guidewire, and catheter insertion into the vein 
with the landmark technique. In the second step, a chest 
x-ray is performed to check its positioning (catheter tip 
placement or mispositioning). The third step is to moni-
tor the possible adverse events, such as pneumothorax. 
These steps can be performed under US guidance, avoid-
ing the transfer of the patient, thereby reducing the risk of 
contamination or destabilization. Furthermore, with the 
landmark technique, the complication rate ranges from 

Fig 5. Ocular ultrasound: A) Eye transversal scan; B) Measurement of the optic nerve sheath suspected of intracranial hypertension 
(0.66 cm) and retinal detachment (*); C) Vitreous haemorrhage.
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0.3% to 18.8% (catheter malposition, arterial puncture, 
hematoma, air embolism, nerve injury, pneumo- and/or 
hemothorax) [44,45]. US guided central venous catheter 
(CVC) procedures have a significantly lower failure rate 
as compared to the landmark technique and  are associ-
ated with a decreased rate of complications due to shorter 
access time and fewer attempts [46,47] which is essential 
in COVID-19 patients.

Currently, it is recommended that needle insertion 
and placement, the first and second step of CVC proce-
dures, be performed under real-time US guidance with-
out x-ray. Catheter tip optimal position is performed by 
directly visualizing the right atrium and superior vena 
cava. Moreover, lung US can detect a pneumothorax 
more accurately than an x-ray. Third, lung ultrasonogra-
phy has a sensitivity of 95.3% and a specificity of 91.1% 
for the diagnosis of the pneumothorax in the ICU patients 
[48]. The early diagnosis and treatment of a pneumotho-
rax is critical. Lung US allows a quick evaluation of the 
critically ill and hemodynamically unstable patient at the 
bedside. In the mid-clavicular line, the second to fourth 
intercostal spaces are the most suitable area for detect-
ing pneumothoraxes in the supine patient [49,50], using 
a high frequency linear or a convex. The lack of lung 
sliding is one of the main B-mode US findings of pneu-
mothorax. In M-mode, pneumothorax shows a typical 
pattern called “barcode sign”, in contrast to the “sand-
on-the-beach” appearance of the normal lung. The gas 
interface creates a high reflective surface hiding not only 
the lung sliding but also the B-lines. On the contrary, 
A-lines show an increased clarity confirming the pneu-
mothorax. Finally, US allows the evaluation of the mid/
long term complications of the CVC, such as thrombosis, 
arteriovenous fistula, and pseudoaneurysm [51,52]. Bed-
side ultrasonography could become the new standard for 
the central venous catheter, the arterial line procedures 
and the control of complications. Finally, bedside ultra-
sound-guided percutaneous tracheostomy is a procedure 
that can be performed directly in ICUs. Compared to the 
bronchoscopy-guided procedure or traditional surgery, it 
allows to correctly visualize the anatomical structures of 
the neck, resulting in better safety  and with less compli-
cations [53,54].

Conclusions

During a pandemic, like COVID-19, we need ex-
tra precision and safety, so only necessary procedures 
should be performed to minimize the risk of exposure to 
the virus for patients and healthcare workers. In the last 
years, POCUS has been widespread, and more and more 
doctors have adopted it in their clinical practice, because 

it is easy and quick to complete, thus playing an essential 
role in the management of COVID-19 patients and the 
triage of suspicious cases. Although the US is not con-
sidered the gold standard for lung imaging, the benefits 
of it should not be neglected. The accuracy of lung US in 
detecting pneumonia and ARDS is well described as well 
for organ involvement and complications. One of the ma-
jor advantages is that the same doctor visits and performs 
the US examination, thus limiting the personnel and de-
vices used, with a marked reduction in the risk of infec-
tion. We strongly suggest implementing POCUS in the 
diagnosis and management of COVID-19 and integrating 
it directly into the medical decision-making process.

We also consider appropriate, in anticipation of future 
scenarios, to implement the teaching of point-of-care ul-
trasound to all personnel dedicated to emergency man-
agement.

Conflict of interest: none
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