
Abstract  
SARS-CoV-2, the virus that causes COVID-19, can 
attack the body from head to foot and potentially 
cause injuries to the brain, heart, lungs, kidneys, 
vascular system—and even “Covid toes.” In the 
fight against a global pandemic that has infected 
millions and killed hundreds of thousands of patients 
globally, point-of-care ultrasound (POCUS) offers 
a safe, cost-effective and clinically influential tool, 
supported by an ever-expanding body of evidence. 
Benefits of POCUS include the rapid diagnosis of 
the wide range of COVID-19 manifestations and 
also the safe and successful guidance of potentially 
lifesaving procedures. After helping to make critical 
diagnoses, POCUS can then help track the effects 
of treatment and changes in the patient’s condition, 
while helping to minimize frontline providers’ 
exposure to this highly contagious viral illness. 
Diagnostic POCUS applications include evaluations 
of the brain, lungs, heart, vascular system, abdominal 
organs and assessment of the extremities for blood 
clots. Procedural applications include safe and 
efficient guidance of vascular access, endotracheal 
tube placement, regional anesthesia and other 
procedures. This paper outlines the latest scientific 
evidence to support a “multi-organ” and “whole-
body” approach using essential POCUS diagnostic 
and procedural applications to optimize care of the 
severely ill COVID-19 patient. 

Background/Introduction 
In the early 1990s, frontline physicians in emergency 
medicine and critical care were among the first to 
recognize the value of ultrasound at the bedside 
as a timesaving, cost-saving and lifesaving tool 
for diagnosing and treating critically ill or injured 
patients.1,2,3,4 In 1993, Lichtenstein and Axler 
described a whole-body approach to point-of-care 
ultrasound (POCUS) that had a direct impact on the 
diagnosis and therapeutic plan for their ICU patients.5 
Since then, comparative studies have found that 
multi-organ POCUS can expedite accurate diagnosis 
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of emergency department patients with respiratory 
symptoms or undifferentiated hypotension (shock), 
as compared with standard care.6,7 Whole-body 
ultrasound has also been shown to decrease the need 
for other diagnostic testing and thus reduces costs.8

In the context of COVID-19, many frontline providers 
now use POCUS on a daily basis in their practice. 
Applications of this tool have rapidly evolved and 
expanded as our knowledge of this frightening and 
complex disease has grown. One of the newest 
discoveries, published in April 2020, is that COVID-19 
has three stages that occur at different points in time 
and affect different organ systems beyond the lungs.9  
Patients with Stage 1 (early infection, characterized 
by viral infiltration and lymphocytopenia) and Stage 
II (a pulmonary phase with respiratory difficulties 
and abnormal chest imaging findings) present with 
respiratory manifestations, while those with Stage III 
(hyperinflammation/cytokine storm) are at high risk for 
such dire complications as acute respiratory distress 
syndrome (ARDS), severe blood clotting, cardiac 
failure and shock. 
 
The population at highest risk of advancing to Stage 
III complications are elderly patients or those with 
comorbidities. However, even young patients without 
comorbidities can progress to Stage III, sometimes 
with frightening rapidity. On May 20, 2020, the 
Centers for Disease Control and Prevention (CDC) 
issued updated clinical guidance for the management 
of patients with confirmed COVID-19, cautioning, 
“Clinicians should be aware of the potential for 
some patients to rapidly deteriorate one week after 
illness onset. Among all hospitalized patients, a 
range of 26% to 32% were admitted to the ICU.”10  
Compounding the challenges of diagnosing and 
managing these critically ill patients is the highly 
contagious nature of the new coronavirus, which is 
spread via respiratory droplets.



With this recent evidence of multi-organ 
complications, the use of POCUS is rapidly 
expanding to help diagnose and manage many 
more organ systems than the lung. Furthermore, the 
benefits of POCUS are becoming more apparent as 
we decrease unnecessary utilization of modalities 
that may increase exposure to more health care 
providers such as chest x-rays and CT scans.

 
Safely Expediting Rapid, Efficient and 
Cost-Effective Diagnosis 
Current, evidence-based applications of multi-
organ ultrasound for the COVID-19 patient include 
the following assessments, as clinically warranted 
(Figure 1, Table 2): 
 
• Lung  Over the last decade, clinical and physical 
studies have demonstrated the ability of lung 
ultrasound (LUS) to identify ARDS, interstitial lung 
disease, pulmonary edema, subpleural consolidations 
and pneumothorax (a potential complication in 
ventilated patients).11,12 Multiple investigators 
suggest that lung ultrasound (LUS) can play a key 
role in the management of patients with COVID-
19-related lung damage across care pathways.13  
As compared to such monitoring modalities as 
auscultation, chest x-ray and CT scans, LUS has a 
high diagnostic accuracy and fewer infection control 
issues.14,15 LUS has demonstrated utility to rapidly 
assess the severity of SARS-CoV-2-associated viral  
pneumonia/ARDS, track the evolution of the disease, 
monitor response to prone positioning, assist in the 
management of extracorporeal membrane therapy 
and guide decision-making about weaning patients 
from ventilation.16 Use of LUS can also reduce 
utilization of chest x-rays and CT,17 and may be 
helpful in triaging patients in the prehospital setting 
to an appropriate level of care.18  Other advantages 
include low costs and practical applications in 
limited-resource settings, including triage-tent 
facilities and field hospitals.19  Several investigators 
have described the characteristic sonographic signs 
of COVID-19-associated lung involvement, including 
an abnormal, thickened pleural line and the presence 
of B lines.20,21 

• Heart  One of the newest discoveries, published 
in May 2020 by Mount Sinai cardiologists, is 
that findings from bedside echocardiology 

may prognosticate a COVID-19 patient’s risk for 
unfavorable outcomes or mortality.22 Specifically, 
the study demonstrated that right ventricular dilation 
in hospitalized patients appeared to be an indicator 
of high-risk cases that may require a higher level of 
care. Two other recent publications have revealed 
that about 20% to 30% of hospitalized patients 
with confirmed cases of COVID-19 suffer myocardial 
injury.23,24 In one of these studies, Shi and colleagues 
linked this injury to increased risk for ARDS, acute 
kidney injury and other complications. In the other, 
Guo et al. found that cardiac injury and heart failure 
contributed to about 40% of deaths in a cohort of 
hospitalized patients, either individually or in tandem 
with respiratory failure. In patients with COVID-19-
associated thromboembolic disease, heart attacks 
have also been reported. Bedside  echocardiography 
offers a highly accurate and repeatable tool to 
interrogate the heart.25 Cardiac POCUS applications 
include the assessment of right and left ventricular 
function, ejection fraction, pericardial effusion and 
regional wall motion abnormalities.26,27 Evidence-
based guidelines have been published for point-of-
care cardiac ultrasound by critical care physicians.28

• Thromboembolic disease  Awareness among 
frontline clinicians is rapidly increasing about the 
high risk for thromboembolic disease in patients 
with severe COVID-19 infections. In a cohort of ICU 
patients, 25% developed CT- and/or ultrasound-
confirmed arterial or venous thromboembolism (VTE), 
with pulmonary embolism (PE) and DVT ranking 
among the more common manifestations.29 Several 
other recent studies have reported similar findings, 
suggesting that frontline physicians should have a 
high index of suspicion for this disorder, especially in 
ICU patients. Multi-organ POCUS typically includes 
screening for DVT, which can easily be visualized 
with ultrasound. The key findings are direct clot 
visualization or detection of a noncompressible vein. 
A massive PE can present with right heart strain 
secondary to a large clot in the lungs that can be 
visualized with bedside echocardiography. In a study 
of ED patients, a limited compression ultrasound study 
using two compression points yielded a sensitivity and 
specificity comparable to that of full examination for 
the detection of lower extremity DVT.30

• Brain  COVID-19 may increase patients’ risk 
for ischemic (clot-induced) stroke, according to 



an extensive literature review by experts from 
18 countries.31 The use of transcranial Doppler 
ultrasound (TCD) to identify ischemic strokes 
from acute intracranial artery blockage has been 
established, with an overall 94% specificity and 
79% sensitivity, as compared with computerized 
tomographic angiography.32 Hemorrhagic (brain 
bleeding) stroke has also been described in COVID  
patients.33 POCUS provides rapid assessment of 
intracranial pressure (ICP) though measurements 
of optic nerve sheath diameter (ONSD) to monitor 
the severity of hemorrhagic strokes. A recent meta-
analysis has confirmed the accuracy of ONSD as a 
noninvasive surrogate marker of increased ICP.34,35

• Abdominal  Although COVID-19 has been 
predominately associated with respiratory 
manifestations, gastrointestinal symptoms, hepatic 
injury and acute kidney injury (AKI) have also been 
described. The mechanism of injury is not fully 
understood, but may be a sequela of viral hepatitis, 
hyperinflammation, gut microbiome alterations or 
medication toxicity. A recent systematic review 
revealed that 58% to 78% of patients with severe 
COVID-19 infections develop varying degrees 
of liver injury. The investigators also report that 
similar complications have also been seen during 
outbreaks of two other coronaviruses: SARS and 
MERS.36 POCUS can be used to interrogate the liver 
for signs of hepatitis or liver failure and to evaluate 
the intraperitoneal space for free fluid that might 
be ascites. A study of 5,449 patients hospitalized 
with COVID-19 found that nearly 37% of them 
developed AKI. AKI was most commonly seen in 
mechanically ventilated patients, with 52% of this 
group developing AKI within 24 hours of intubation. 
Doppler-based renal resistive index measurement is a 
rapid, noninvasive tool that may allow early detection 
of AKI in ICU patients. A 2015 meta-analysis has 
confirmed a high level of diagnostic performance, 
with a pooled sensitivity of 0.83 and specificity of 
0.84.37

• Hemodynamic/Shock Assessment  Increasingly, 
frontline physicians are seeing seriously or critically 
ill COVID-19 patients who meet diagnostic criteria for 
sepsis and septic shock, but the SARS-CoV-2 virus 
appears to be the sole cause in the vast majority 
of them. For example, a recent study found that 
blood and respiratory tract cultures were negative 

for bacteria and funguses in 76% of such patients 
in a COVID-19 cohort.38 Li et al. hypothesize that 
these patients—who develop typical clinical signs of 
shock—have a disorder that they call “viral sepsis.”39 
Because septic shock is one of the most common 
causes of death in critically ill COVID-19 patients, 
close monitoring of hemodynamics is essential. 
Adding to the complexity of managing these patients, 
they often have comorbidities, especially cardiac 
comorbidities. Therefore, assessing cardiac function 
before administering fluid is crucial for avoiding 
overload. POCUS offers several modalities to evaluate 
ventricular filling pressures, cardiac output and fluid 
responsiveness, which are frequent concerns in ICU 
patients. Assessment of the collapsibility of inferior 
vena cava  and left ventricular end-diastolic area can 
provide accurate measurements of reduced filling 
pressure and the need for fluids. Ultrasound can also 
be used to evaluate respiratory variation on Doppler 
flow across left ventricular outflow tract or peripheral 
arteries to further determine the hemodynamic status 
of a patient.41

Improving the Speed, Safety and Success of 
Potentially Lifesaving Procedures 
A rapidly expanding body of evidence supports the 
following procedural applications of POCUS for the 
COVID-19 patient (Figure 2, Table 2):

• Airway Ultrasound  Many COVID-19 patients 
will require advanced airway procedures, such as 
endotracheal intubation, to help their rapidly declining 
respiratory status. Unrecognized malposition of 
the endotracheal tube (ETT) can have devastating 
consequences in the critically ill patient. Current 
guidelines recommend that proper ETT placement 
be confirmed as rapidly as possible, with minimal 
disruption to other resuscitation efforts. Evidence 
from anesthesia, emergency departments and the 
prehospital setting has consistently revealed that 
real-time tracheal POCUS enables fast, safe and 
effective postintubation confirmation through direct 
visualization of the tube and bilateral lung sliding. 
Moreover, the technique is easy for clinicians to learn. 
In 2019, Arya et al. conducted one of the first studies 
of the accuracy of ETT confirmation in ICU patients. 
They found that POCUS was 100% successful at 
identifying proper tracheal placement, while the 
positive and negative values of POCUS to identify 
accidental esophageal intubation were 100% and 



97%, respectively.42  Ultrasound guidance can also 
improve the safety, speed and success of another 
lifesaving airway procedure: surgical cricothyrotomy, 
which can have complication rates of up to 40%  
when landmark-based techniques are used.43

• Vascular Access and Other Needle-Based 
Procedures  Annually, 200 million peripheral 
intravenous (PIV) catheters are placed in U.S. 
hospitals for volume resuscitation and delivery 
of nutrients, lifesaving medications and blood 
products.44 However, obtaining PIV access is 
difficult in about 35% of patients who present 
to the ED, particularly if traditional “landmark” or 
palpitation methods are used, according to a recent 
meta-analysis.  In a 2016 policy statement, the 
American College of Emergency Physicians (ACEP) 
recommended POCUS  to facilitate placement of 
PIV and central venous catheters (CVCs), citing such 
benefits as “improved patient safety, decreased 
procedural attempts and decreased time to perform 
many procedures in patients [for] whom the 
technique would otherwise be difficult.”  This group 
may include many COVID-19 patients, either because 
they are dehydrated or have comorbidities that make 
PIV access problematic. Widespread adoption of 
ultrasound guidance would also help clinicians to 
achieve a “one-stick standard” for vascular access, 
ACEP noted. Endorsed in guidelines from numerous 
medical societies, ultrasound-guided CVC is now 
the standard of care.47 Rates as low as zero for 
CVC complications, including pneumothorax and 
hemothorax,48 have been reported with ultrasound 
guidance, which has also been shown to reduce 
central-line-associated bloodstream infections by 
35%.49 Ultrasound may also significantly reduce 
serious adverse events and the cost of care in 
patients undergoing other commonly performed 
needle procedures to drain fluid from the heart, lungs 
and abdomen: pericardiocentesis, thoracentesis and 
paracentesis.50,51,52

• Regional Anesthesia New practice 
recommendations from two anesthesiology societies 
advocate the use of regional anesthesia instead of 
general anesthesia for patients with COVID-19.53 The 
goal is to reduce the need for aerosol-generating 
medical procedures, such as intubation and 
extubation, that may unnecessarily expose more 

healthcare workers.  
A joint statement from the American Society of 
Regional Anesthesia and Pain Medicine and the 
European Society of Regional Anesthesia and Pain 
Therapy reports that the odds of transmission to 
a provider during tracheal intubation are 6.6 times 
higher, compared to those who are not exposed to 
tracheal intubation. Moreover, regional anesthesia 
is beneficial for patients because it reduces the risk 
of postoperative complications. Many comparative 
studies, systematic reviews and meta-analyses 
have demonstrated that ultrasound-guided regional 
anesthesia (UGRA) produces longer block durations, 
faster onset times, improved block success and a 
reduced need for opioids.54,55,56,57

Conclusion 
POCUS has been described as “the Swiss Army 
knife of medicine” because it offers a remarkably 
versatile tool to improve the safety and quality of 
COVID-19 care in patients. By facilitating the rapid 
and highly accurate diagnosis of a range of disease 
manifestations—and guiding potentially lifesaving 
procedures—the whole-body approach to ultrasound 
helps ensure that patients who fall ill with the new 
coronavirus receive optimal care at every stage of 
their medical journey. Along with helping medical 
providers save lives, POCUS also helps protect 
frontline providers from falling ill with the highly 
contagious disease they are fighting. In May 2020, 
Cleveland Clinic investigators concluded, “In patients 
with COVID-19 infection, [POCUS] is an excellent tool 
for comprehensive assessment, given that ultrasound 
is already widely used in patient care, handheld 
ultrasound devices are easy to clean, and the nature 
of the virus is critical and dynamic.”58



Table 1: Diagnostic Applications of Point-of-Care Ultrasound

Organ System 
Evaluation

COVID-19  
Complications Ultrasound Application

 
Brain

 
Ischemic Stroke 
Hemorrhagic Stroke

 
Transcranial Doppler 
Intracranial pressure assessment using 
optic nerve sheath diameter

Lung COVID Viral pneumonia 
Acute Respiratory Distress 
Syndrome  
Pneumothorax 
Pleural Effusion

Identification of pulmonary edema (B-lines 
Subpleural consolidations 
Pleural effusions 
Lung sliding

Cardiac Myocarditis 
Pericarditis 
Myopericarditis 
Myocardial infarction 
Cardiac tamponade

Cardiac ejection fraction 
Pericardial effusion 
Regional wall motion abnormalities 
Right/left ventricular function

Abdomen Hepatitis 
Kidney injury

Assessment for hepatomegaly 
Renal Resistive Index 
Evaluate free fluid in the intraperitoneal 
space 

Blood vessels Thromboembolic Disease 
Deep vein Thrombosis 
Pulmonary embolism

Direct clot visualization of upper and lower 
Extremities 
Compressibility of veins 
Right heart strain

Hemodynamics    Hypovolemia 
Septic shock

Diagnose type of shock 
Evaluate intravascular volume status and 
fluid responsiveness 
Inferior vena cava collapsibility 
Respiratory variation on Doppler flow 
across left ventricular outflow tract/
peripheral arteries

Covid-19 Complications

Figure 1: Diagnostic Applications of Point-of-Care Ultrasound



Table 2: Procedural Applications of Point-of-Care Ultrasound

Procedure Potential Complications Ultrasound Benefits

 
Peripheral IV 
placement

 
Difficulty with peripheral 
access, leading to delays in 
care

 
Safe and efficient US-guided PIV, higher 
first-pass success rate, reduced need for 
CVCs 

Central Venous 
Catheterization

Iatrogenic pneumothorax, 
hematomas, carotid artery 
puncture, central-line 
associated blood vessel 
complications

Safer and faster CVC placement, 
confirmation of accurate placement, 
lower rate of complications compared to 
landmark techniques, reduced infection 
risk 

Arterial line 
placement

Difficulty with arterial access Safe and efficient line placement with a 
high rate of first-pass success

Endotracheal Tube 
Placement

Intubation Confirmation Visualization of ETT and bilateral lung 
sliding to confirm

Surgical 
Procedures

General anesthesia requires 
intubation and aerosolization 
of Coronavirus

Surgical procedures can be done with 
ultrasound-guided regional anesthesia and 
decrease aerosolization exposure risk to 
health care staff

Pericardiocentesis Direct needle damage to the 
heart

Direct visualization of needle and guide 
wire to safely place catheter in pericardial 
space

Thoracentesis Pneumothorax, increased 
length of stay and higher 
costs

Lower risk of lung puncture as compared to 
landmark techniques

Paracentesis Bleeding complications Reduced risk for bleeding complications, 
compared to landmark techniques

Cricothyrotomy Difficulty identifying 
landmarks, incorrect 
placement of incision

Assists with accurate identification of 
landmarks and placement during this high-
risk emergent airway procedure

Covid-19 Ultrasound Procedures

Figure 2: Procedural Applications of Point-of-Care Ultrasound



Author bio 
Vi A. Dinh, MD, FACEP, RDMS, RDCS is Professor 
of Emergency Medicine, Internal Medicine, and 
Critical Care at Loma Linda University Medical 
Center in California. He is the Ultrasound Director 
and Fellowship Director and is the author of more 
than 20 peer-reviewed publications on point-of-
care ultrasound and editor of a medical textbook, 
Emergency and Clinical Ultrasound Board Review 
(Oxford University Press, 2020). He is fellowship 
trained in point-of-care ultrasound, critical care 
medicine and transesophageal echocardiography, 
and taught POCUS at local, regional and national 
conferences. Dr. Dinh is also the founder and editor  
of the Pocus101.com website.

References
1 Nordenholz KE, Rubin MA, Gularte GG, Liang HK. Ultrasound in the 
evaluation and management of blunt abdominal trauma. Ann Emerg Med 
1997;29:357-66.

2 Melanson SW, Heller M. The emerging role of bedside ultrasonography in 
trauma care. Emerg Med Clin North Am 1998;16:165-89.

3 Mayron R, Gaudio FE, Plummer D, Asinger R, Elsperger J. 
Echocardiography performed by emergency physicians: impact on 
diagnosis and therapy. Ann Emerg Med 1988;17:150-4.

4 Lichtenstein D, Mezière G (1998) A lung ultrasound sign allowing bedside 
distinction between pulmonary edema and COPD: the comet-tail artifact. 
Intensive Care Med, 24:1331–4.

5 Lichtenstein D, Axler O. Intensive use of general ultrasound in the 
intensive care unit. Prospective study of 150 consecutive patients. Intensive 
Care Med. 1993;19(6):353-355. doi:10.1007/BF01694712

6 Volpicelli, G., Lamorte, A., Cardinal, L. et al. Point of care multiorgan 
ultrasonography for the evaluation of undifferentiated hypotension in the 
emergency department. Intensive Care Med. 2013; 39: 1290–1298.

7 Laursen, C., Sloth, E., Lassen, A.T. et al. Point of care ultrasonography in 
patients admitted with respiratory symptoms: a single blind, randomized 
controlled trial. Lancet. 2014; 2: 638–646.

8 Narasimhan M, Koenig SJ, Mayo PH. A Whole-Body Approach to Point of 
Care Ultrasound. (2016) CHEST, Volume 150, Issue 4, 772 – 776. 

9 Akhmerov A, Marbán E. Covid-19 and the heart. Circulation Research. 
2020;126:1443–1455.

10 Centers for Disease Control and Prevention. Interim Clinical Guidance for 
Management of Patients with Confirmed Coronavirus Disease (COVID-19). 
May 20, 2020. Available at https://www.cdc.gov/coronavirus/2019-ncov/
hcp/clinical-guidance-management-patients.html.

11 Soldati G, Smargiassi A et al. Proposal for International Standardization of 
the Use of Lung Ultrasound for Patients With COVID-19. J Ultrasound Med. 

12 Moore S, Gardiner E. Point of care and intensive care lung ultrasound: A 
reference guide for practitioners during COVID-19. Radiography. 17 April 
2020.

13 Buonsenso D, Pata, D, Chiaretti A. COVID-19 outbreak: less stethoscope, 
more ultrasound. The Lancet. Respir Med 2020;8:e27.   

14 Smith, M.J., Hayward, S.A., Innes, S.M. and Miller, A.S.C. (2020), Point-
of-care lung ultrasound in patients with COVID-19 – a narrative review. 
Anaesthesia.

15 Ma IW, Somayaji R et al. (2020). Canadian Internal Medicine Ultrasound 
(CIMUS) Recommendations Regarding Internal Medicine Point-of-Care 
Ultrasound (POCUS) use during Coronavirus (COVID-19) Pandemic. 
Canadian Journal of General Internal Medicine, 15(2), 8-11. 

16 Peng QY, Wang XT, Zhang LN; Chinese Critical Care Ultrasound Study 
Group (CCUSG). Findings of lung ultrasonography of novel corona 
virus pneumonia during the 2019-2020 epidemic. Intensive Care Med. 
2020;46(5):849-850.

17 Johri AM, Galen B, Kirkpatrick JN, Lanspa M, Mulvagh S, Thamman 
R, ASE Statement on Point-of-Care Ultrasound (POCUS) During the 
2019 Novel Coronavirus Pandemic, Journal of the American Society of 
Echocardiography (2020).

18 Soldati  G, Smargiassi  A, Inchingolo  R, et al. Is there a role for lung 
ultrasound during the COVID-19 pandemic? J Ultrasound Med 2020; Mar 
20.

19 Buonsenso D, Piano A et al. Point-of-Care Lung Ultrasound findings 
in novel coronavirus disease-19 pnemoniae: a case report and potential 
applications during COVID-19 outbreak. Eur Rev Med Pharmacol Sci. 
2020;24(5):2776-2780. 

20 Volpicelli, G., Gargani, L. Sonographic signs and patterns of COVID-19 
pneumonia. Ultrasound J 12, 22 (2020).

21 Moore S, Gardiner E. Point of care and intensive care lung ultrasound: A 
reference guide for practitioners during COVID-19 [published online ahead 
of print, 2020 Apr 17]. Radiography (Lond). 2020;S1078-8174(20)30057-2. 

22 Argulian E, Sud K, Vogel B, Bohra C, Garg VP, Talebi S, Lerakis S, 
Narula J, Right Ventricular Dilation in Hospitalized Patients with COVID-19 
Infection, JACC: Cardiovascular Imaging (2020).

23 Akhmerov A, Marbán E. Covid-19 and the heart. Circulation Research. 
2020;126:1443–1455.

24 Shi S, Qin M, Shen B, et al. Association of Cardiac Injury With Mortality 
in Hospitalized Patients With COVID-19 in Wuhan, China [published online 
ahead of print, 2020 Mar 25]. JAMA Cardiol. 2020;e200950.

25 Drake DH., De Bonis, M., Covella, M et al.  (2020). Echo in Pandemic: Front 
Line Perspective, Expanding Role of Ultrasound and Ethics of Resource 
Allocation. Journal of the American Society of Echocardiography.

26 Alina Hua, Kevin O’Gallagher, Daniel Sado, Jonathan Byrne, Life-
threatening cardiac tamponade complicating myo-pericarditis in COVID-19, 
European Heart Journal, 2020: ehaa253.

27 Zhang L, Wang B, Zhou J, Kirkpatrick J, Xie M, Johri AM, Bedside 
Focused Cardiac Ultrasound in COVID-19 Infection From the Wuhan 
Epicenter: The Role of Cardiac Point of Care Ultrasound (POCUS), Limited 
Transthoracic Echocardiography and Critical Care Echocardiography 
Journal of the American Society of Echocardiography (2020).

28 Mazraeshahi RM, Farmer JC, Porembka DT. A suggested curriculum in 
echocardiography for critical care physicians. Crit Care Med. 2007;35(8 
Suppl):S431-S433. 

29 Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous 
thromboembolism in patients with severe novel coronavirus pneumonia 
[published online ahead of print, 2020 Apr 9]. J Thromb Haemost. 
2020;10.1111/jth.14830. 

30 Crisp JG, Lovato LM, Jang TB. Compression ultrasonography of the lower 
extremity with portable vascular ultrasonography can accurately detect 
deep venous thrombosis in the emergency department. Ann Emerg Med. 
2010;56(6):601-610. 



31 Qureshi AI, Abd-Allah F, Alsenani F, et al. Management of acute ischemic 
stroke in patients with COVID-19 infection: Report of an international 
panel [published online ahead of print, 2020 May 3]. Int J Stroke. 
2020;1747493020923234. 

32 Tsivgoulis G, Sharma VK, Lao AY, Malkoff MD, Alexandrov AV. Validation 
of transcranial Doppler with computed tomography angiography in acute 
cerebral ischemia. Stroke. 2007; 38:1245–1249.

33 Sharifi-Razavi A, Karimi N, Rouhani N. COVID 19 and Intracerebral 
hemorrhage: Causative or Coincidental? New Microbes and New Infections. 
Vol 35. In progress (May 2020).

34 Dubourg J, Javouhey E, Geeraerts T, Messerer M, Kassai B. 
Ultrasonography of optic nerve sheath diameter for detection of raised 
intracranial pressure: a systematic review and meta-analysis. Intensive Care 
Med. 2011;37(7):1059-1068. 

35 Morassi M, Bagatto D, Cobelli M, et al. Stroke in patients with SARS-
CoV-2 infection: case series [published online ahead of print, 2020 May 20]. 
J Neurol. 2020;1-8. 

36 Kukla M, Skonieczna-Żydecka K, Kotfis K, et al. COVID-19, MERS and 
SARS with Concomitant Liver Injury-Systematic Review of the Existing 
Literature. J Clin Med. 2020;9(5):E1420.

37 Ninet S, Schnell D, Dewitte A, Zeni F, Meziani F, Darmon M (2015) 
Doppler-based renal resistive index for prediction of renal dysfunction 
reversibility: a systematic review and meta-analysis. J Crit Care 30(3):629–
635.

38 Zhou F, Yu T et al. Clinical course and risk factors for mortality of adult 
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. 
Lancet. 2020; 395: 1054-1062.

39 Li H, Liu L et al. SARS-CoV-2 and Viral Sepsis: Observations and 
Hypotheses. Lancet. 2020 May 9;395(10235):1517-1520. ARS-CoV-2 and 
viral sepsis: observations and hypotheses.

40 Pasquero P, Albani S, Sitia E, et al. Inferior vena cava diameters and 
collapsibility index reveal early volume depletion in a blood donor model. 
Crit Ultrasound J. 2015;7(1):17. doi:10.1186/s13089-015-0034-4.

41 Miller A, Mandeville J. Predicting and measuring fluid responsiveness with 
echocardiography. Echo Res Pract. 2016;3(2):G1-G12. doi:10.1530/ERP-16-
0008.

42 Arya R, Schrift D, Choe C, Al-Jaghbeer M. Real-time Tracheal Ultrasound 
for the Confirmation of Endotracheal Intubations in the Intensive Care Unit: 
An Observational Study. J Ultrasound Med. 2019;38(2):491-497. 

43 Siddiqui N, Arzola C, Friedman Z, Guerina L, You-Ten KE. Ultrasound 
Improves Cricothyrotomy Success in Cadavers with Poorly Defined Neck 
Anatomy: A Randomized Control Trial. Anesthesiology. 2015;123(5):1033-
1041. 

44 Bernatchez SF, Care of Peripheral Venous Catheter Sites: Advantages 
of Transparent Film Dressings Over Tape and Gauze. The Journal of the 
Association for Vascular Access, December, 2014. Volume 19, Issue 4, 256 
- 261.

45 Stolz LA, Stolz U et al, Ultrasound-guided peripheral venous access: a 
meta-analysis and systematic review. J Vasc Access, 2015; 16 (4):321-326.

46 Emergency Ultrasound Imaging Criteria Compendium. Ann Emerg Med, 
July, 2016, Vol. 68, Issue 1, e11-e48. Available at http://www.annemergmed.
com/article/S0196-0644(16)30096-8/abstract. Accessed on May 22, 
2020.

47 Moore CL, Copel JA. Point-of-Care Ultrasonography. N Engl J Med 2011; 
364:749-757.

48 Fragou M, Gravvanis A, Dimitriou V, et al. Real-time ultrasound-guided 
subclavian vein cannulation versus the landmark method in critical care 
patients: a prospective randomized study. Crit Care Med. 2011;39(7):1607-
1612. 

49 O’Grady NP, Alexander M et al. Summary of Recommendations: 
Guidelines for the Prevention of Intravascular Catheter-related Infections. 
Clin Infect Dis, 2011 May 1; 52(9): 1087–1099.

50 Campo Dell’orto M, Hempel D, Starzetz A, et al. Assessment of a low-cost 
ultrasound pericardiocentesis model. Emerg Med Int. 2013;2013:376415. 
doi:10.1155/2013/376415

51 Mercaldi CJ, Lanes SF. Ultrasound guidance decreases complications and 
improves the cost of care among patients undergoing thoracentesis and 
paracentesis. Chest. 2013 Feb 1;143(2):532-8.

52 Sinnaeve PR, Adriaenssens T. A contemporary look at pericardiocentesis. 
Trends Cardiovasc Med. 2019;29(7):375-383. 

53 American Society of Regional Anesthesia and Pain Medicine. Practice 
Recommendations on Neuraxial Anesthesia and Peripheral Nerve Blocks 
during the COVID-19 Pandemic. (2020) Available at https://www.asra.com/
page/2905/practice-recommendations-on-neuraxial-anesthesia-and-
peripheral-nerve-blocks-dur

54 Abrahams MS, Aziz MF, Fu RF, Horn J. Ultrasound guidance compared 
with electrical neurostimulation for peripheral nerve block: a systematic 
review and meta-analysis of randomized controlled trials. British Journal of 
Anaesthesia 2009; 102: 408–17.

55 Koscielniak-Nielsen ZJ. Ultrasoundguided peripheral nerve blocks: what 
are the benefits? Acta Anaesthesiologica Scandinavica 2008; 52: 727–37.

56 Lewis SR, Price A, Walker KJ, McGrattan K, Smith AF. Ultrasound 
guidance for upper a  nd lower limb blocks. Cochrane Database of 
Systematic Reviews 2015; 11: CD006459.

57 Munirama S, McLeod G. A systematic review and meta-analysis of 
ultrasound versus electrical stimulation for peripheral nerve location and 
blockade. Anaesthesia 2015; 70: 1084–91. 

58 Fox S, Dugar S, Point-of-care ultrasound and COVID-19. Cleveland Clinic 
Journal of Medicine. May 2020.


