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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has stretched our healthcare
system to the brink, highlighting the importance of efficient resource utilization
without compromising healthcare provider safety. While advanced imaging is a
great resource for diagnostic purposes, the risk of contamination and infection
transmission is high and requires extensive logistical planning for intrahospital
patient transport, healthcare provider safety, and post-imaging decontamination.
This dilemma has necessitated the transition to more bedside imaging. More so
than ever, during the current pandemic, the clinical utility and importance of
point-of-care ultrasound (POCUS) cannot be overstressed. It allows for safe and
efficient beside procedural guidance and provides front line providers with
valuable diagnostic information that can be acted upon in real-time for immediate
clinical decision-making. The authors have been routinely using POCUS for the
management of COVID-19 patients both in the emergency department and in
intensive care units turned into “COVID-units.” In this article, we review the
nuances of using POCUS in a pandemic situation and maximizing diagnostic
output from this bedside technology. Additionally, we review various methods
and diagnostic uses of POCUS which can replace conventional imaging and
bridge current literature and common clinical practices in critically ill patients. We
discuss practical guidance and pertinent review of the literature for the most
relevant procedural and diagnostic guidance of respiratory illness, hemodynamic
decompensation, renal failure, and gastrointestinal disorders experienced by
many patients admitted to COVID-units.

Key Words: COVID-19; SARS-CoV-2; Point-of-care ultrasound; COVID-intensive care
units; COVID-unit; Critical care; Decontamination; Pandemic; Imaging in COVID-19;
Point-of-care ultrasound in a pandemic
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Core Tip: In the current coronavirus disease 2019 (COVID-19) pandemic, advanced
imaging is a great resource for diagnostic purposes but the risk of contamination and
intra-hospital infection transmission is high and requires extensive logistical planning
for intrahospital patient transport, healthcare provider safety, and post-imaging
decontamination. Point-of-care ultrasonography is a reliable and resourceful tool for
bedside diagnosis and clinical assessment. We discuss practical guidance and pertinent
review of the literature for the most relevant procedural and diagnostic guidance of
respiratory illness, hemodynamic decompensation, renal failure, and gastrointestinal
disorders experienced by many patients admitted to COVID-units.

Citation: Deshwal H, Pradhan D, Mukherjee V. Point-of-care ultrasound in a pandemic:
Practical guidance in COVID-19 units. World J Crit Care Med 2021; 10(5): 204-219

URL: https://www.wjgnet.com/2220-3141/full/v10/i5/204.htm
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INTRODUCTION

The novel coronavirus disease of 2019 (COVID-19) has led to over two million deaths
till date. Given 4.6 per 100000 patients with COVID-19 pneumonia require hospital-
ization, and 9%-11% of these requiring intensive care units (ICU) care, diagnostic
imaging will likely be necessary during their hospitalization. Some conventional
imaging modalities, such as computed tomography (CT), carry high sensitivity and
specificity for diagnoses. However, there are logistical concerns associated with
isolation, intra-hospital transport, time and person-power expenditure, as well as risk
for healthcare exposures. They also require a labor-intensive decontamination process
of the imaging location and the intra-hospital pathway. This has caused most
institutions to shift toward reliance on point-of-care imaging. The American College of
Radiology and Radiological Society of North America have established guidelines for
preparedness and decontamination of imaging equipment for special pathogen units
such as COVID-units[1]. The challenge of using imaging equipment lies in protecting
caregivers and preventing disease transmission. Additionally, it requires maneuvering
a portable X-ray machine in and out of isolation rooms (“hot zones”), double-bagging
of X-ray detectors with impermeable plastic sheets, and often multiple caregivers
protected by personal protective equipment (PPE). The process of efficient and safe
decontamination can be time-consuming and requires an investment of substantial
resources and regular training of technicians.

Instead, point-of-care ultrasound (POCUS) can replace X-rays and CTs in many
situations and thus mitigate logistical problems associated with large equipment for
radiography. Numerous studies have reported the accuracy and non-inferiority of
POCUS compared to conventional imaging for clinical diagnosis and decision-making
[2]. Moreover, POCUS has become a standard part of the critical care medicine
training curriculum and is recommended by several international society guidelines
for the care of critically ill patients[3-8]. Its use has also been highlighted in epidemics,
specifically the Ebola epidemic, where it proved as a useful clinical tool in patient care
(1.

The goal of this article is to provide readers with an understanding of how to best
use POCUS for acutely ill patients during the time of a pandemic, where resources are
stretched thin and routine imaging studies such as X-rays and CT scans occur with
diminished frequency due to logistical constraints. Using real-time ultrasound images
from our COVID-19 patients, we want to highlight those POCUS techniques that can
rapidly replace conventional imaging modalities during this COVID pandemic, offer
instruction on performance, and provide an evidence-based anchor via reference
literature.

General considerations with POCUS in COVID-units
A few general considerations with POCUS in COVID-units.

September 9,2021 | Volume10 | Issue5 |
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Dedicated ultrasound and location: In COVID-units hosting multiple patients, it is
essential to have an ultrasound machine dedicated strictly to that unit. The machine
should be stored at a specified location for easy retrieval during emergent use[10].

Bundling of ultrasound examinations with patient care: Given the logistics of
donning and doffing PPE and ultrasound machine decontamination, along with risks
to healthcare workers, ultrasound examinations should be bundled with other patient
care-related activities when possible.

Ultrasound machine and probe decontamination: Although easier to clean compared
to large X-ray machines, ultrasound machines used on COVID-19 patients still need to
be thoroughly disinfected according to institutional protocols. Thoroughly wipe down
with a probe-friendly Environmental Protection Agency-approved disinfectant wipe
for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the transducer
probes, screen, keypad, wires, and plug before bringing it outside the patient’s room,
to prevent contamination of “warm” and “cold zones”[11]. We advocate for cleaning
the machine before leaving the patient’s room, and once again immediately outside the
patient room thereafter, as argued by other authors[12]. Despite cohorting of COVID-
19 patients, disinfecting ultrasound machines in between patient care is paramount to
protect healthcare workers from potential occupational exposure. An ultrasound probe
cover should be used for sterile procedures to prevent nosocomial infection to the
patients and also maintain a barrier for the machine from bodily fluids[13]. Consider
individual ultrasound gel packets to prevent cross-contamination as well as
ultrasound machine covers for more easily wipeable decontamination surface[14].

Ultraportable ultrasound devices: Handheld pocket ultrasounds are commonly being
used in emergency departments, and ICUs and can be ideal for pandemic situations.
Regular probe covers can be used for a handheld device with the decontamination
process similar to that used for cart-based machines after use.

Training: Care must be taken to ensure that providers using POCUS are sufficiently
trained, credentialed as relevant, and that appropriate supervision is provided institu-
tionally. This becomes relevant, particularly where providers are being repurposed for
clinical duties outside their prior scope of practice. Simulation-based training in using
and decontaminating ultrasound devices can help providers to become accustomed to
institutional procedures and protocols[15].

Saving images and documentation: It is important to save images obtained on POCUS
to the patient charts using picture archiving and communication system or digital
imaging and communications in medicine for review and interpretation by other care
providers and consultants on the team[11]. A brief procedure note can be documented
in the patient chart highlighting the findings on the POCUS examination along with
pictures of highlighted findings if possible. Saving images and documenting reports
are important, as they provide accessible records and allows for comparison through
serial imaging. In order to minimize contact time and exposure risk, it is imperative to
focus only on the acquisition of quality images while in the patient’s room with the
ability to interpret outside the room subsequently.

Overview of diagnostic utility of POCUS

POCUS has been increasingly utilized for both, procedural guidance and bedside
diagnosis of a multitude of conditions. Table 1 lists many of these applications, which
are summarized below.

Procedural guidance
POCUS has been found to improve first attempt success in many procedures needed
in a COVID-unit.

Endotracheal intubation

One of the most common reasons for admission to a COVID-unit is acute hypoxemic
respiratory failure requiring invasive mechanical ventilation. During the COVID-19
outbreak, many hospitals have protocols for direct invasive mechanical ventilation,
opting against non-invasive positive pressure ventilation to reduce the risk of
aerosolized exposure[16,17]. A chest radiograph (CXR) to confirm the correct
placement of the endotracheal tube (ETT) is often performed after intubation. Instead,
ultrasonography can be used to confirm successful ETT placement. The advantages of
POCUS are its easy availability, high specificity, speed of detection, safety (without

wjcem | https://www.wjgnet.com 206 September 9,2021 | Volume10 | Issue5 |



Deshwal H et al. POCUS in COVID-19 units

Table 1 Various applications of point-of-care ultrasound in a coronavirus disease 2019-units

Point of care ultrasound in COVID-units

Procedural guidance Endotracheal intubation
Peripheral intravenous access
Central venous access
Gastric tube placement
Thoracentesis
Paracentesis
Lumbar puncture
Airways and lung Pleural effusions
Patchy B-lines and rugged pleural surface
Consolidations
Atelectasis
Pneumothorax
Shock physiology Fluid responsiveness
Stroke volume assessment
Pericardial effusion
Right ventricular function
Tricuspid annular planar systolic excursion
Shunt physiology with agitated saline
Deep vein thrombosis
Abdomen and hepatobiliary Ascites
Small bowel obstruction
Acute cholecystitis
Acute cholangitis
Pancreatic evaluation
Aortic evaluation
Genitourinary Acute kidney injury
Hydronephrosis
Renal stones
Renal vascular resistive indices for volume overload

Neurovascular Optic nerve sheath diameter

COVID-19: Coronavirus disease 2019.

radiation exposure), and ease of repeat imaging. A high-frequency linear probe is used
to ultrasound the neck during or after the endotracheal intubation. With the probe
placed in a transverse position at the base of the neck, the trachea appears as a round
hypoechoic structure in the center of the neck with a reverberation artifact and
hypoechoic shadow. If the probe is moved slightly to the left of the trachea, the
esophagus appears as a thick-walled collapsed structure with the hypoechoic center
just posterior to the trachea. As the ETT passes through the trachea, one can visualize
fluttering in the trachea as immediate confirmation of endotracheal intubation. This is
known as the “Snowstorm sign”[18]. On successful endotracheal intubation, the
widening of the vocal cord with a hyperechoic circular tube in the trachea with an
acoustic shadow beneath it is seen. This is known as a “Bullet Sign”[18] (Figure 1). In
the event of esophageal intubation, the tube will be visualized in the esophagus and
gives the impression of a second trachea. This is known as the “double-track sign”
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Figure 1 Endotracheal intubation. High frequency 5-10 MHz linear probe with probe marker facing toward patients’ right side, placed at base of neck midline
just superior to suprasternal notch. “Bullet sign” of proper endotracheal intubation seen here, with hyperechoic air-mucosal interface and posterior shadowing.

[19]. The accuracy of linear-probe ultrasound for successful intubation is 98%[20].
Once the successful endotracheal intubation is performed, mainstem bronchus
intubation can be ruled out by performing a lung ultrasound using a linear high-
frequency probe with a sensitivity of 98.7% and specificity of 97.1%[21]. In tracheal
intubations, bilateral lung sliding should be visualized on POCUS. In the case of right
mainstem bronchus intubation, the left contralateral lung exam will not demonstrate
lung sliding due to absent lung ventilation. Cardiac pulsations, visualized on the
pleural surface (lung pulse) can help differentiate main stem intubation from a
pneumothorax[22] (Video 1). Once identified, the ETT can be retracted by a few
centimeters during simultaneous ultrasound visualization of left lung to assess for
lung sliding, which confirms correct placement of ETT.

Peripheral venous access

A high-frequency linear probe can be used to place peripheral venous access swiftly if
superficial veins are not identified on a physical exam. Ideally, a superficial vein that is
3 mm to 10 mm beneath the skin is visualized in transverse and longitudinal axis with
an ultrasound. This allows the provider to gauge the path of the vein and decide the
length of the intravenous catheter to use. A color Doppler can be utilized to differ-
entiate an artery from a vein when in doubt. The success rate of ultrasound-guided
peripheral venous access is 81% compared to 70% in the control group with
palpation/visualization approach. It also reduces the number of attempts and time to
achieve a venous access[23,24].

Arterial access

Arterial access is often required in patients requiring vasopressor therapy and invasive
mechanical ventilation for close hemodynamic monitoring and frequent arterial blood
gases. The radial artery is the most common site utilized for arterial line placement.
Using POCUS, first-pass success can be improved by up to 71%[25]. Since the vessel
and the catheter tip can be directly visualized in real-time during the procedure, the
chances of complications are lower compared to palpation method[26]. POCUS also
offers superiority in deeper located arteries decreasing serious complications and
improving the first-pass success.

Central venous access and confirmation

There are several advantages of having central venous access in patients admitted to a
COVID-ICU. It reduces the number of venous punctures for frequent blood draws,
allows for hemodynamic monitoring, and consistent access for sedation and vasoactive
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medications. Standard of care is for central venous line (CVL) placement to be
performed under direct ultrasonographic visualization as its use reduces complic-
ations and improves first-pass success when conducted by trained personnel[27]. Real-
time POCUS can be utilized to visualize and capture the image of the guide-wire in the
intended central vessel during the procedure. Once the CVL is placed, an agitated
saline bolus can identify correct placement by finding immediate microbubbles in the
right atrium on the subcostal cardiac view (also known as rapid atrial swirl sign) (
Video 2)[28]. The same probe can be utilized post-procedure to ensure lung sliding
and rule out procedure-related pneumothorax. A prospective study identified correct
CVL placement using POCUS with a sensitivity of 86.8% and a specificity of 100%[29].
They found that the median time to POCUS completion for confirmation of line
placement was 16 min compared to 32 min for a CXR[29]. This time difference is
further accentuated in COVID-units, given the intricate process of PPE and decontam-
ination needs with X-ray machines.

Gastric tube placement

Patients admitted to COVID-units are often intubated for mechanical ventilation and
require nutrition via an enteral feeding tube. Gastric tube placement is generally a safe
procedure, but in rare instances, complications such as bronchial placement, pneumo-
thorax, pneumonia, tracheal or esophageal injury can occur[30]. Typically, a CXR is
required for confirmation of the tube placement in the stomach. However, in COVID-
units, this can be time- and resource-consuming. Instead, a POCUS can be used to
identify the correct placement of a gastric tube with a 91%-98% sensitivity and 67 %-
100% specificity using a two-point approach[31,32]. Using a micro-convex (2-4 Hz)
probe or a small footprint high-frequency linear probe (5-10 MHz), the trachea and
esophagus are visualized in the suprasternal notch. A gastric tube appears as a
hyperechoic circular structure within the esophagus, posterior to the trachea with an
acoustic shadow below it. Once confirmed, using a low-frequency probe (2-5 MHz the
curvilinear probe or 1-5 MHz phased array probe) in the epigastric region angling
towards the left subcostal region, the gastric tube can be identified as a hyperechoic
line within the stomach (Figure 2). It is important to note that in an air-filled stomach,
visualization of the gastric tube may be difficult. Attaching the tube to suction before
performing the POCUS examination can increase the diagnostic yield.

DIAGNOSTIC POCUS

Lungs

Studies have demonstrated that a CT scan of the chest is 86% sensitive in making a
clinical diagnosis of COVID-19[33]. Typical findings include peripheral based patchy
ground-glass opacities with increasing lung involvement with the severity of illness
[34]. Pleural effusions, cavitary lesions, nodules, and mediastinal lymphadenopathy
are uncommon in COVID-19[34,35]. POCUS can better characterize COVID-19 Lung
disease, and lung ultrasound patterns have been described[36]. A multiple-point lung
examination with ultrasound can be a quick and efficient way to demonstrate patchy
B-lines with interspersed normal lung parenchyma in early disease (Figure 3).
Subsequently, subpleural consolidation with bronchograms can also be appreciated.
Lung ultrasonography can also help in identifying early disease even before symptom
onset[35] (Video 3).

Ultrasound is superior to CXR in assessing for pleural effusions[37]. Development
of secondary bacterial pneumonia and parapneumonic loculated effusions can be seen
on POCUS and can guide if draining is required (Video 4). Early literature from China
suggests an incidence of pneumothorax in SARS-CoV-2 to be 2% compared to 25% in
SARS-CoV-1[38,39]. However, the incidence may be much higher based on our
experience and multiple reported cases in the literature[40,41]. A sudden hemo-
dynamic decompensation with acute hypoxemia in an otherwise stable intubated
patient should raise suspicion for a pneumothorax that may need prompt identi-
fication and intervention. Identifying a lung point in the absence of B-lines and lung
sliding can quickly identify a pneumothorax and help decide on early intervention
with chest tube placement and decompression[42] (Video 5). The M-mode can be used
to observe lung pulse and “sandy-beach” appearance of healthy lungs to reasonably
exclude the possibility of a pneumothorax[42] (Video 6, Figure 4). Since most COVID-
19 patients present with severe CXR and require prolonged mechanical ventilation,
POCUS can be used to assess diaphragm atrophy and chances of liberation from the
ventilator. While several methods of examining the diaphragm exist, the easiest
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Figure 2 Gastric enteral tube placement. Phased array probe (1-5 MHz) in “Abdominal” preset with probe marker facing cephalad placed in left mid-clavicular
subcostal location. The stomach here is distended with hypoechoic fluid, and inside it can be seen a linear hyperechoic density representing the gastric enteral tube

(arrow).

Figure 3 B-lines on lung ultrasound. Phased array probe (1-5 MHz) with probe marker facing cephalad placed in an intercostal space. B lines (denoted by
arrows), are well-defined comet-tail, vertical hyperechoic artifacts arising from the pleural line that obliterate normal A-lines, and descend to the bottom of the screen.
Multiple B-lines in an interspace indicates an interstitial syndrome, where there are increased air-fluid interfaces creating this artifact.
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methods include assessing diaphragmatic thickness in anterior subcostal space using
curvilinear low-frequency probe and M-mode to assess the amplitude of
diaphragmatic excursion and the velocity of the contraction[43]. The normal thickness
of the diaphragm is 22-28 mm[44]. The thickness of less than 20 mm may suggest the
presence of diaphragmatic atrophy[45].

Cardiac

Cardiac ultrasound is an excellent tool to assess for global and regional wall motion of
the cardiac chambers, pericardial, valvular pathology, right ventricular dysfunction,
volume responsiveness, and to differentiate etiologies of shock. American Society of
Echocardiography recently published a statement on POCUS use in COVID-19
patients, with a recommended protocol for relevant cardiac views[11].

Often assessment of volume status in COVID-19 patients is pertinent but
challenging. Several methods have been used for volume status assessment with
varying limitations[46]. In mechanically ventilated patients who are not breathing
spontaneously, measuring the distensibility of the inferior vena cava (IVC) can help

-

assess volume status (Figure 5). More importantly, the respiratory variation in IVC
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Figure 4 M-Mode normal lung. M-mode of normal lung demonstrates linear shadows from soft tissue followed by granular deeper shadows commonly described
as “Sandy-beach sign”.

Figure 5 Inferior vena cava size in M-mode. Of 1-5 MHz phased array probe with probe marker facing cephalad, subcostal location, inferior vena cava (IVC)

visualized in sagittal plane. M-mode line centered on IVC just inferior to hepatic vein inflow. IVC measured in this M-mode image at 1.70 cm maximally and 0.68 cm
minimally.

diameter (known as AIVC) can predict fluid responsiveness in mechanically ventilated
patients with a sensitivity of 76% and specificity of 86% according to a meta-analysis
[47]. Vignon et al[48] assessed various parameters, including variation in superior vena
cava (SVC) using transesophageal ultrasonography, variation in IVC, and change in
left ventricular outflow tract (LVOT) velocity using pulsed-wave doppler for fluid
responsiveness. While SVC variation had the best specificity (84%) in predicting fluid
responsiveness, variation in IVC diameter (greater than 8%) had a specificity of 70%. It
is imperative to note that patients IVC variability may not be accurate in spontan-
eously breathing patients experiencing significant dyspnea as it can lead to significant
variation in intrathoracic pressures and IVC diameter[49]. Variation in IVC diameter,
coupled with lung and cardiac ultrasound exams can be helpful for clinical decision-
making about volume status. A hyperdynamic left ventricle (LV) may suggest
underfilling and need for intravascular volume resuscitation[50]. For a more accurate
assessment, an M-mode can be used in the parasternal short-axis across the LV to
assess papillary muscle apposition[50].
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For providers trained in advanced critical care echocardiography, the use of spectral
Doppler can help assess stroke volume and cardiac output[51]. In the parasternal long-
axis view, the LVOT diameter can be measured to estimate LVOT area[51] (Figure 6).
Using a pulsed wave Doppler, the LVOT velocity time integral (VTI) can be calculated
in a five-chamber apical cardiac view (Figure 7). This estimates the distance traveled
by blood in one heartbeat. Multiplying the LVOT VTI by the LVOT area equals the
stroke volume for each cardiac contraction (Figure 8)[51,52]. If the stroke volume or
cardiac output is reduced, depending on the clinical picture, it could result in the
initiation of inotropy or volume resuscitation. The key is for repeated measurement of
stroke volume/ cardiac output with any given intervention.

Another utility of cardiac ultrasound is to assess the etiology of the shock state. The
presence of a large pericardial effusion with right ventricular and atrial wall collapse
may suggest tamponade physiology. A large, dilated right ventricle (RV) with
hypokinetic longitudinal walls and hyperkinetic apex may suggest RV outflow
obstruction secondary to pulmonary embolism (PE). However, severe hypoxemia with
pulmonary vasoconstriction can be seen in COVID-19, and so the presence of a dilated
RV may not be specific for a PE and should correlate clinically (Video 7). Using M-
mode, tricuspid annular planar systolic excursion can be obtained to estimate RV
function in these cases[53] (Figure 9). Although, in cases of negative findings or
normal RV function, PE cannot be ruled out as it has a low negative predictive value.

POCUS can also be used to investigate the hypoxemia of unclear etiology. A
contrast study can be performed at the bedside by injecting agitated sterile saline via a
three-way stopcock to look for an intracardiac or intrapulmonary shunt. The
appearance of agitated saline bubbles in the LV within three heartbeats suggests an
intracardiac shunt, while after five beats may suggest intrapulmonary shunt (late-
appearance)[54,55].

Vascular

The risk of venous thromboembolism in COVID-19 has been reported in 25%-31% of
COVID-19 patients[56,57] (Video 8). Increasing D-dimer, PT, or aPTT independently
predicts the risk of venous thrombus embolism in these patients, thus necessitating
assessment for deep vein thrombosis and PE[56-58]. For diagnostic accuracy, a high
frequency, the linear probe can be used to assess deep veins of the lower extremities
for evidence of thromboembolism[59] (Video 9). Evaluation of two regions (common
femoral vein from the bifurcation with the greater saphenous vein to the bifurcation of
superficial and deep femoral veins distally, and the popliteal vein) on both legs can be
performed rapidly using compression ultrasonography.

Genitourinary

Acute kidney injury (AKI) is a common complication in critically ill patients with
COVID-19[60]. Direct viral tropism, cytokine storming, rhabdomyolysis, and acute
tubular necrosis (ATN) have been hypothesized as causes of AKI in COVID-19, similar
to Ebola or SARS-CoV-1[60-63].

Gray-scale ultrasonography with a low frequency (2-5 MHz) curvilinear probe can
be used to assess renal anatomy[64] (Figure 10). In states of hypoperfusion, the kidney
appears hypoechoic. In contrast, kidneys appear hyperechoic in ATN secondary to
rhabdomyolysis due to myoglobin deposits in the renal tubules[64]. Color Doppler can
be utilized to evaluate lobar vessels and can provide information regarding flow states
and underlying pathology. The vessels are poorly visible in poor perfusion states and
may also indicate poor splanchnic perfusion. In these COVID-19 patients with renal
failure, malfunction of a urinary catheter, particularly given duration of the length of
indwelling placement, may go unnoticed and misinterpreted as acute kidney injury
and anuria. Anechoic bladder volume can be easily seen qualitatively and measured
quantitatively on POCUS to help rule out urinary retention and urinary catheter
malfunction[65].

Abdominal

Gastrointestinal symptoms in COVID-19 patients are common on presentation as well
as complications from hospitalization[66,67]. COVID-19 patients are particularly at
risk for bowel hypomotility due to opiates and paralytics[67]. POCUS can be utilized
as a diagnostic tool to identify the etiology of the abdominal symptoms in these
patients. Using a curvilinear low-frequency probe, paralytic ileus can be identified as
both small and large intestinal dilation and bowel wall thickening. A random
movement instead of unidirectional flow of spot echogenic material can be seen in
fluid-filled bowel, suggesting a downstream bowel obstruction. If the probe is kept
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Figure 6 Left ventricular outflow tract diameter parasternal long axis view. Of 1-5 MHz phased array probe with probe marker facing patient’s right
shoulder, parasternal long axis view. Left ventricular outflow tract diameter measured during mid-systole, inner edge to inner edge, from septal endocardium to
anterior mitral leaflet, in order to calculate cross-sectional area (Tr?).
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Figure 7 Left ventricular outflow tract velocity time integral. Of 1-5 MHz phased array probe, apical 5 chamber view. Pulsed wave doppler selected, with
sample volume placed 5 mm proximal to aortic valve in center of the left ventricular outflow tract. Notice narrow signal with rapid upstroke in velocities, with end-
systolic click terminating flow signal. In this case traced velocity time integral was 19.9 cm.

LVOT area (A)=nr?; where r is the radius of LVOT (r = LVOT diameter + 2)
Stroke volume (SV) = LVOT area x VTI
Cardiac output (CO)= Stroke volume x Heart rate

Figure 8 Formula to calculate stroke volume and cardiac output using pulsed wave doppler. LVOT: Left ventricular outflow tract; VTI: Velocity time
integral.

still to observe the bowel, one can identify the sedimentation of intestinal content and
“pearl-string” like a pattern of gas in the bowel[68]. Distended proximal bowel with
collapsed distal bowel can help differentiate mechanical obstruction from paralytic
ileus. Studies have demonstrated a sensitivity of 94%-100% and a specificity of 81%-
100% for the lung ultrasound in diagnosing small bowel obstruction outperforming
plain radiography (sensitivity of 77% and specificity of 50%)[69,70].
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Figure 9 Tricuspid annular planar systolic excursion (tricuspid annular plane systolic excursion). Phased array probe (1-5 MHz) in “Cardiac’
preset, placed in apical 4 chamber view. M-mode line is placed across the lateral tricuspid annulus to assess longitudinal contraction of the right ventricle (RV) free
wall, a regional surrogate for RV function. The tricuspid annular planar systolic excursion of this patient was 1.93 cm which is low normal.

Figure 10 Kidney in its Longitudinal axis. Phased array probe (1-5 MHz) in “Abdominal” preset placed with probe marker facing cephalad in right mid-axillary
location. In this normal ultrasound, the liver serves as an acoustic window, under which can be seen the thin hyperechoic kidney capsule, the hypoechoic
parenchymal cortex, and the central hyperechoic renal sinus.
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Ascites can also be identified easily on POCUS. Assessment of Morrison’s pouch
(hepatorenal recess), the splenorenal recess, and the pelvis for fluid collection is a
common approach[71] (Video 10). The ideal site for paracentesis can be identified with
the largest fluid pocket and least bowel presence. Color Doppler can be used via a
linear high-frequency probe to look for abdominal wall vessels to prevent abdominal
sheath hematomas and bleeding during paracentesis[71].

Neurologic

Many patients with COVID-19 suffer neurologic complications, and CT imaging of the
head can be logistically challenging[72]. Ultrasound has been used as a non-invasive
tool to identify elevated intracranial pressures by measuring optic nerve sheath
diameter (ONSD)[73]. A high-frequency linear probe can be used to measure the optic
nerve sheath diameter at 3 mm beyond the globe, where the contrast is maximum
(Figure 11). Since the sensitivity of ONSD greater than 5 mm for intracranial
hypertension is 100%, it serves as a useful screening tool for altered mental status in
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Figure 11 Optic nerve sheath diameter. High frequency 5-10 MHz linear probe in “Ophthalmic” or “Venous” preset with probe gently placed on upper eyelid in
horizontal plane. Diameter of optic nerve is measured in transverse dimension, 3 mm posterior to where optic nerve enters the globe. In this patient optic nerve

sheath diameter is measured at 3.5 mm.
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the emergency d and outperforms ophthalmoscopic evidence of papilledema, which
can take 12 h to develop[74-76].

Limitations

There are several limitations to the use of POCUS in the critical care setting. It requires
expertise in general ultrasound knowledge, image acquisition skills, image
interpretation skills, and the ability to integrate that information with other data
appropriately to make clinical decisions affecting patient care. Certain clinical
situations, such as obesity, high PEEP ventilation, bowel gas, and overlying catheters
and wires, may interfere with the acquisition of good images. POCUS also requires
sufficient experience and confidence to know when imaging is inadequate for
interpretation and instead requires a formal sonogram or another imaging modality
such as an X-ray or a CT scan.

CONCLUSION

In summary, we noticed a practice gap between literature on critical care ultrasono-
graphy and clinical practices commonly employed by many intensivists due to easily
available conventional imaging modalities. In the setting of a pandemic, however,
conventional imaging modalities become resource limited; therefore, we highlight how
POCUS can fill this need in a timely, repetitive and evidence-based manner.

POCUS is an excellent tool for use in COVID-units as it provides essential bedside
clinical information reliably and cost-effectively while maintaining patient and
provider safety without the need for radiation exposure or arduous decontamination.
Its use can improve first-pass success and reduce complications with bedside
procedures. Simulation-based training sessions can prepare healthcare providers to
utilize this tool efficiently in COVID-units, though obtaining proficiency in some
applications requires substantial hands-on experience[77]. Where feasible, handheld
POCUS devices can be assigned to each isolation room to prevent the spread of the
pathogen and improve patient care. While the use of POCUS in the inpatient setting is
continually increasing, provider proficiency and experience must also continuously
improve. In a contained situation where limited exposure to healthcare providers is
recommended, POCUS can be a useful diagnostic tool and allow for a complete
assessment of the patient, as highlighted in this article. Further imaging can be
considered if POCUS is unrevealing or non-specific, but it is certain to reduce the
requirement of advanced imaging. It is essential to acknowledge the advantages and
limitations of POCUS for its appropriate application in COVID-units.
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