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Abstract
As healthcare professionals continue to combat the coronavirus disease 2019 (COVID-19) infection worldwide, there is an increasing interest in the role of imaging and the relevance of various modalities. Since imaging not only helps assess the disease at the time of diagnosis but also aids evaluation of response to management, it is critical to examine the role of different modalities currently in use, such as baseline X-rays and computed tomography scans carefully. In this article, we will draw attention to the critical findings for the radiologist. Further, we will look at point of care ultrasound, an increasingly a popular tool in diagnostic medicine, as a component of COVID-19 management.
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Core Tip: As the current coronavirus disease 2019 pandemic continues to spread and burden the healthcare system all over the world, we must explore all the resources at our disposal to give our patients the best care possible. While laboratory tests and computed tomography imaging are sensitive methods for diagnosis, the increasing burden of disease requires us to effectively utilize bedside ultrasonography to care for more people in a quick and judicious manner. Further, we must continuously look for ways to improve our efficiency while preventing spread of infection within the hospital.

INTRODUCTION
Diagnostic radiology is an integral component in assessing the initial extent and severity of several diseases, including the current coronavirus disease 2019 (COVID-19) infection, and directs the management as well[1]. Further, it provides a baseline with which to track changes, including progression and subsequent resolution of disease[1,2]. In the COVID-19 pandemic, with the high level of infectivity of this virus, and an early non-specific or even asymptomatic phase, imaging may play a crucial role in early diagnosis, timely treatment, as well as a follow-up[1,2]. While the role of imaging is helpful in assessing the phase and severity of the disease, as well as demonstrating resolution, its importance in early detection is debatable[3,4]. On one hand, Ai et al[3] studied 1014 patients in Wuhan, China and concluded that the high sensitivity of chest computed tomography (CT) imaging in detecting COVID-19 infection might make it a suitable tool for screening purposes. They advise that a high pre-test probability would further increase the suitability of this modality[3]. On the other hand, Yang et al[4] draw attention to the evidence demonstrating the possibility of confirmed COVID-19 infection with no significant chest CT findings. Further, chest CT findings, previously considered a part of the diagnostic criteria, have been removed in later guidelines[4]. At present, with the large number of people affected, the burden on healthcare imaging facilities is immense, generating interest in simpler, faster, and less expensive methods of diagnosis, such as ultrasonography[5,6]. With Point of care ultrasound becoming increasingly essential to modern medicine, the possibilities of using it as a reliable, safe, and quick diagnostic tool are being explored[6]. A study demonstrated a strong positive correlation between the findings on ultrasound and CT scans of twelve COVID-19 patients[5]. With the advantage of portability and lower expense as compared to Computed tomography, the ultrasound definitely seems like an avenue worth exploring[7]. 

CHEST RADIOGRAPHY
Chest radiography is not advisable for first line use for detection of COVID-19 infection due to a reduced ability to demonstrate ground-glass opacities, an early finding in this disease (Figure 1)[1]. As the disease progresses, however, extensive consolidation may develop, which may be seen on chest radiographs as well and thus helpful to assess the disease progression or resolution during management (Figure 2)[1]. Recently, however, Cellina et al[8] retrospectively studied the initial chest radiographs of 246 confirmed COVID-19 patients to determine a correlation, if any, with mild outcomes. For the purpose of their study, they consider a mild outcome to be hospitalization for 0-3 d, not requiring assisted ventilation[8]. Interestingly, they found statistically significant results for an inverse relationship between chest radiograph findings of ground glass opacification and severity scores ≥ 3 with a mild outcome[8]. Therefore, chest radiographs might be reliable in predicting outcomes, particularly in limited-resource settings and high caseload settings[8]. 
Further, chest radiography may be used for serial imaging to follow the course of disease in patients during their stay in the hospital and assess the effectiveness of treatment as well[9].

CT SCAN
Chest CT imaging can demonstrate ground-glass opacities and consolidation early on, even in the absence of significant chest X-ray findings, and is, therefore, believed to have a higher sensitivity for COVID-19 detection[1,10]. Further, the use of chest CT imaging to meet the increased demand for testing has been considered by some[10,11]. Ng et al[10] studied non-contrast chest CT images of 21 COVID-19 patients and reported the most commonly observed finding to be peripheral ground-glass opacification. 
Early disease, as observed reliably on thin-slice CT, is characterized by peripheral ground-glass opacities with a bilateral distribution, which may or may not be accompanied by consolidation[11]. This infection has a predilection for the posterior aspects and lower lobes of the lungs[11]. Further, an early study of imaging patterns indicated that ICU patients were more likely to have consolidation than non-ICU patients[12]. Consolidation usually appears as the disease progresses and is significantly higher in patients over the age of 50 than those aged 50 or below, which is in keeping with the poorer prognosis observed in the elderly[13,14]. The full spectrum of chest CT findings observed in COVID-19 disease includes ground-glass opacification (pure, with crazy-paving, or with accompanying consolidation), pure consolidation, air bronchograms, pleural effusions, lymphadenopathy (Figure 3-5)[13,14]. However, pleural effusion, lymphadenopathy, and cavitation are not common findings[12]. 
Crazy paving pattern, mentioned above, is a non-specific, thin-slice chest CT finding, which is commonly observed as COVID-19 disease progresses, when intralobular lines and thickening of inter-lobular septa occur in combination with ground glass opacification (Figure 3)[13,15]. Further, there have been occasional reports of interesting signs on Computed tomography imaging, such as, Halo sign (nodule with a halo of ground-glass opacification) and reverse-halo (ground-glass attenuation with halo of consolidation)[16,17,18]. Follow-up of COVID-19 patients with computed tomography also demonstrate a decrease in the size of lesions over time, and the resolution of pure consolidative lesions into organizing pneumonia[14].
Yang et al[11] developed an objective chest CT severity score (ranging from 0 to 40) and determined the disease to be “severe” for a score ≥ 19.5. Further, the changes observed in imaging as the disease progresses and resolves have helped provide us with a better idea of the patient’s condition[19]. Based on the imaging conducted over the course of 26 d, Pan[19] et al simplified the chest CT findings observed, from the onset of symptoms, into 4 stages, as described in the Table 1.
Wang et al[20] studied the non-contrast chest CT findings in 90 patients over the course of one month and observed similar findings, when categorized according to days from symptom onset. Days 0 through 5 were characterized by pure ground-glass opacities, crazy-paving, and consolidation, with 14% of chest CT scans during this time appearing normal[20]. Days 6 to 11 saw a peak in imaging findings and the development of irregular lines[20]. Further, Wang et al[20] highlight the initial decline of pure ground-glass opacities (while other imaging findings increase). This was followed by a gradual increase of pure ground-glass opacities during resolution of disease, perhaps due to the decline of the other imaging findings at this time.
Further, the relevance of chest CT imaging during the ongoing pandemic has been demonstrated by reports of RT-PCR negative patients demonstrating significant imaging findings to be confirmed later as COVID-19 patients[21,22,23]. Therefore, in a scenario where RT-PCR test yields negative results, but patient history and CT findings are concerning for COVID-19 infection, it is important to repeat the RT-PCR test to be thorough[24]. 
Dangis et al[25] studied the utility of low dose submillisievert computed tomography in nearly 200 patients and found a high degree of sensitivity and specificity associated with this method. The sensitivity increased by roughly 9% when patients reported symptoms for over 48 h[25]. Further, the likelihood of having COVID-19 infection was found to be over 90% in the case of positive imaging findings[25]. Also, it helped identify a co-existing illness in COVID-19 patients and provide differential diagnoses in non-COVID patients[25]. 
Despite the advantages of chest CT imaging in COVID-19, health care professionals must realize that it may not always yield significant findings at the time of symptom onset[4]. Bernheim et al[17] reported that 0 to 2 d from onset of symptoms, chest CT scans revealed no significant findings in 20 of the 36 patients they studied. Given the high level of infectivity associated with COVID-19, it is imperative that health care professionals remain alert to suspicious symptoms, particularly in the context of relevant history, regardless of imaging results. Volume rendered chest CT imaging has been successfully utilized in COVID-19 patients to delineate disease, demonstrate newly developed lesions and ascertain their distribution[22,26].
With increasing awareness of hypercoagulability as a component of COVID-19 disease, pulmonary CT angiography is a relevant imaging modality in these patients. In a recent study, Poyiadi et al[27] studied COVID-19 patients who underwent pulmonary CT angiography, found pulmonary embolism in roughly one-fifth of these patients. 

POINT OF CARE ULTRASONOGRAPHY 
Point of care ultrasonography (POCUS) provides a quick and safe method for imaging and procedural guidance, making it an indispensable tool for optimal care of the patient[28]. Being an operator dependent imaging modality, it has become an important aspect of the physician’s training over the years[28].
In the ongoing COVID-19 pandemic, the healthcare system must keep pace with the increasing patient load, while managing costs and preventing transmission of infection within the hospital. 
As described previously, chest CT imaging helps detect findings of COVID-19 early and accurately. However, it usually requires patient transportation to radiology department and is more expensive. While POCUS may not provide as detailed a picture or as early as computed tomography does, it can be quickly performed at bedside, is an effective tool in experienced hands in diagnosis of lung infection and useful in patients who cannot accept CT examination e.g. pregnant patients.
Lung ultrasound helps examine the superficial lung, with normal lung demonstrating horizontal artifacts or “A” lines[6]. The disease of the subpleural portion of lung results in heterogeneous, vertical “B” lines (Figure 6)[6]. Apart from that various other artifacts including C, E, and Z lines are described. As the consolidation develops, echogenicity of the lung becomes closer to the liver and also additional static and dynamic changes in bronchi. The use of lung ultrasound is very well described and widely used in the evaluation of patients with dyspnea especially in intensive care units[29]. Shredded appearance at the interface of the consolidated and normally aerated lung is known as the “Shred sign”, which is considered to be the most specific sign of pneumonia in lung ultrasound study (Figure 7)[29]. The increased echogenicity of the consolidated lung parenchyma shows appearance similar to liver parenchyma, known as “hepatic pattern” or “tissue pattern”, another sign of pneumonia (Figure 8)[30]. 
Sobh et al[30] studied 55 suspected pneumonia patients and reported that ultrasonography is superior to radiography for the purpose of detecting pneumonia. Further, its sensitivity and accuracy relative to chest CT imaging were 100% and 98.2% respectively. Similarly, a meta-analysis comprising over 1500 patients revealed the area under the curve for lung ultrasound to be 0.95, demonstrating a high level of accuracy as a diagnostic tool for pneumonia[31]. 
POCUS may help define severity and progression of COVID-19. The early ultrasound findings seen in COVID-19 patients demonstrate patchy interstitial involvement in the forms of vertical lines and white lung areas[6]. As the disease progresses, more lung surface is involved, with subsequent development of consolidation[6]. Further increase in consolidation particularly in the posterobasal lung is concerning for advanced disease and may predict the need for invasive ventilation[6]. Huang et al[32] studied lung ultrasound findings in 20 non-critical, confirmed COVID-19 patients. Primarily posteriorly located, the lesions included B-lines, patchy consolidation (subpleural) with reduced blood flow, air bronchograms, disrupted pleural lines, thickened pleura, among other findings[32]. 
Peng et al[33] also studied 20 COVID-19 patients and reported a correlation between lung ultrasound findings with the degree of involvement, making it useful for disease severity and disease progression assessment. Lung ultrasound may also be useful in understanding which lesions are recruitable, allowing for thorough management of severe COVID-19 infection with relevant maneuvers and change of PEEP[34]. 
POCUS has also been shown to be very useful in rapid cardiac evaluation[35]. It allows evaluation of the pericardial effusion, detects low ejection fraction and IVC measurements. COVID-19 has shown to involve heart as well and has shown to cause myocarditis, pericarditis, and congestive heart failure with or without reduced ejection fraction[36,37]. Though pericardial effusion is not common it has been reported due to COVID-19 and rapid diagnosis can avoid serious consequences[38]. COVID-19 has also shown an increased risk of venous thromboembolism and POCUS can help in the periodic vascular evaluation of early detection of venous thrombosis in experienced hands[39,40]. This added utility is also key in defining the role of POCUS in the current pandemic. 
Some hypothetic examples of the role of POCUS in current pandemic would be pregnant woman hospitalized for preeclampsia develops cough and dyspnea, POCUS can help detect lung parenchyma while waiting for RT-PCR and make appropriate isolation and treatment decisions or patient with COVID develop chest discomfort, identification of pericardial effusion with POCUS can help rapid diagnosis of pericarditis in a smaller hospital where rapid echocardiography or cardiology consultation is not available.
Given the high infectivity of COVID-19, and its spread all over the world, it is imperative for healthcare professionals to follow the correct method of cleaning the ultrasound machines to prevent the spread within the hospital[7,41]. 
To this end, the following guidelines have been found to be useful[7,41]: (1) Clear the basket of all non-essential items, and thoroughly wipe every surface of the machine before entering the patient’s room; (2) Replace gel bottles with single-use gel sachets; (3) After performing the ultrasonography, sanitize gloves and then remove any body tissue or fluid present on the machine, using the approved wet wipes; (4) Next, wipe the entire machine (including but not limited to the power cord, probes, screen, keyboard, knobs, wells, wipe containers); (5) Take the machine out of the room while it is still wet; (6) Once outside the room, examine the machine once more for any body tissue or fluids and remove with wipes if observed; (7) Next, wipe the entire machine again; (8) Always use approved wipes and adhere to the “wet time” specific to the type of wipe; and (9) Always remember to wipe the wipes container.

CONCLUSION
As the current COVID-19 pandemic continues to spread and burden the healthcare system all over the world, we must explore all the resources at our disposal to give our patients the best care possible. While laboratory tests and computed tomography imaging are sensitive methods for diagnosis, the increasing burden of disease requires us to effectively utilize bedside ultrasonography to care for more people in a quick and judicious manner. Further, we must continuously look for ways to improve our efficiency while preventing the spread of infection within the hospital.
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Figure Legends 
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Figure 1 Chest radiography. A: A 57 year old male with coronavirus disease 2019 (COVID-19) infection shows multifocal bilateral air-space opacities (black arrows) in both lungs; B: Another 74 years old male came with cough and dyspnoea in emergency department shows hazy airspace opacities in both lung parenchymas (white arrows) who later turned out to be positive for COVID-19. A left chest wall AICD device is also seen.
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[bookmark: _GoBack]Figure 2 Chest radiography. A: A 62 year old male presented with fever, cough and shortness of breath with coronavirus disease 2019 infection shows large air-space opacities with subpleural and peripheral predominance (black arrows) in both lungs; B: A 61 years old female came with known cardiomegaly and congestive heart failure presented with cough shows patchy hazy airspace opacities in both lung parenchymas (white arrows).
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Figure 3 Postcontrast axial computed tomography chest in lung windows (A and B) show bilateral basal and peripheral consolidative opacities with patchy ground glass opacities in crazy-paving pattern in coronavirus disease 2019 infected 63 year old patient (black and white arrows).
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Figure 4 Another coronavirus disease 2019 infected 57 year old patient shows patchy ground glass opacities in both lower lobes without crazy-paving pattern (black arrows) in postcontrast axial computed tomography chest in lung windows (A-C).
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Figure 5 Multifocal patchy peribronchovascular ground glass to consolidative opacities in both lung parenchymas (black arrows) in enlarged axial (A and B) and coronal (C and D) computed tomography chest in lung window.
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Figure 6 Ultrasonography imaging of the lung ultrasound of the normal lung shows horizontal artifacts, so called “A” lines (white arrows). (A) and vertical heterogenous defect or so called vertical “B” lines in case of patient with consolidation and/or atelectasis (B). Also note normal rib shadow in figure A (black arrows).
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Figure 7 Ultrasonography imaging of the coronavirus disease 2019 positive patient shows shredded appearance, also known as “shred sign” seen with white arrows in left lung base (A) and black arrows in right lung base (B). 
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Figure 8 Ultrasonography imaging example of “hepatic pattern” or ”tissue pattern” of the consolidated lung (white arrows) with associated pleural effusion in right lung base (A). Another example of ultrasonography “shred sign” of pneumonia (black arrows) with adjacent pleural effusion in left lung base (B).

Table 1 Coronavirus disease 2019 infection staging based on chest computed tomography findings and number of days from the onset of the symptoms
	Days (from onset of symptoms)
	Stage
	Typical findings

	0-4
	Early 
	GGO; Distribution: Unilateral/bilateral, lower lobes, peripheral

	5-8
	Progressive
	GGO (diffuse); Crazy paving; Consolidation; Distribution: Bilateral, multilobar

	9-13
	Peak
	Peak CT findings: day 10; GGO (diffuse); Crazy paving; Consolidation (dense); Parenchymal bands

	≥ 14
	Absorption
	CT findings improve from day 14; Absorption of consolidation; GGO present; No crazy paving


GGO: Ground-glass opacities.
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