Name of Journal: World Journal of Radiology
Manuscript NO: 64046
Manuscript Type: MINIREVIEWS

[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK223][bookmark: OLE_LINK249]Abdominal imaging in COVID-19

[bookmark: OLE_LINK247][bookmark: OLE_LINK248][bookmark: OLE_LINK224][bookmark: OLE_LINK225]Balaban DV et al. Abdominal imaging in COVID-19

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Daniel Vasile Balaban, Oana Madalina Baston, Mariana Jinga

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK235][bookmark: OLE_LINK226][bookmark: OLE_LINK227]Daniel Vasile Balaban, Mariana Jinga, Department of Internal Medicine and Gastroenterology, Carol Davila University of Medicine and Pharmacy; Dr. Carol Davila Central Military Emergency University Hospital, Bucharest 020021, Romania

[bookmark: OLE_LINK233][bookmark: OLE_LINK234]Oana Madalina Baston, Department of Radiology, Medical Imaging and Interventional Radiology, Carol Davila University of Medicine and Pharmacy; Dr. Carol Davila Central Military Emergency University Hospital, Bucharest 020021, Romania

[bookmark: OLE_LINK245][bookmark: OLE_LINK246]Author contributions: Balaban DV, Baston OM and Jinga M performed the literature search and drafted the manuscript; Jinga M critically reviewed the manuscript; all authors have read and approved the final manuscript.

[bookmark: OLE_LINK231][bookmark: OLE_LINK232]Corresponding author: Daniel Vasile Balaban, MD, PhD, Senior Lecturer, Department of Internal Medicine and Gastroenterology, Carol Davila University of Medicine and Pharmacy; Dr. Carol Davila Central Military Emergency University Hospital, 37 Dionisie Lupu, Bucharest 020021, Romania. vbalaban@yahoo.com

Received: February 7, 2021
Revised: May 6, 2021
Accepted: June 23, 2021
Published online: July 28, 2021

Abstract
[bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Initially thought of as a respiratory infection, coronavirus disease-2019 (COVID-19) is now recognized as a complex disease with a wide clinical spectrum, including digestive involvement. While several studies have evaluated chest imaging findings in COVID-19, few papers have looked at the abdominal imaging features of these patients. Liver, biliary, pancreas and bowel involvement have been reported in COVID-19 infected patients. In this review, we aim to summarize currently available data related to abdominal imaging techniques in COVID-19, in accordance with relevant clinical and laboratory workup of these patients. Underlying mechanisms, indications and imaging findings related to COVID-19 are discussed based on published data. Also, practice points for clinicians are highlighted in order to adequately recognize digestive-related injuries of severe acute respiratory syndrome coronavirus 2 infection. While there’s been a steady accumulation of data with respect to abdominal imaging findings in COVID-19, currently available recommendations are based on limited research. There is a wide spectrum of abdominal imaging findings in COVID-19, which includes hepato-biliary, pancreatic and luminal pathology.
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[bookmark: OLE_LINK241][bookmark: OLE_LINK242]Core Tip: Initially being thought of as a respiratory infection, coronavirus disease-2019 (COVID-19) is now widely recognized as a complex disease with systemic features. Gastrointestinal manifestations have been reported with high prevalence in severe acute respiratory syndrome coronavirus 2 infected patients, including gut, pancreas, liver and biliary dysfunction. In this review we summarize and analyze currently available evidence on abdominal imaging techniques, indications and findings in COVID-19, in accordance with relevant clinical and laboratory workup of these patients.

INTRODUCTION
[bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: OLE_LINK8][bookmark: OLE_LINK9]In late December 2019, a cluster of pneumonia cases of unknown origin was reported in Wuhan, Hubei province, China. The causative agent was identified as a novel coronavirus, linked to the severe acute respiratory syndrome (SARS). The virus was named SARS coronavirus 2 (SARS-CoV-2) and the related disease coronavirus disease-2019 (COVID-19). The novel coronavirus rapidly spread worldwide, and since March 11th 2020, the date on which COVID-19 was declared a pandemic[1], over 150 million cases and 3.2 million COVID-19 associated deaths have been reported[2].
Initially being thought of as a respiratory infection, COVID-19 is now recognized as a complex disease with a wide spectrum of presentations, from viral pneumonia and flu-like symptoms to acute hepatitis and Kawasaki-like disease[3,4]. The systemic nature of COVID-19 is related to the interaction of SARS-CoV-2 with the human body, mediated by angiotensin converting enzyme 2 (ACE2) expressed on cell surfaces[5]. ACE2 is most abundant in alveolar epithelium, but is also found in large amounts in enterocytes, vascular endothelium, liver and biliary epithelium[6]. Binding of SARS-CoV-2 at these susceptible extrapulmonary sites can generate symptoms directly related to the infected organ. Moreover, several reports have identified SARS-CoV-2 to be present in stool samples of infected patients[7-9], and there have been proposals to use anal swabs for SARS-CoV-2 detection and follow-up of infected individuals[10].
With regard to involvement of the gastrointestinal tract, several studies have shown high prevalence of digestive symptoms in COVID-19[7,11,12]. This was explained by the high density of ACE2 receptor (the cell entry point for SARS-CoV-2) in the small bowel and pancreas, but also as a side effect of COVID-19 related therapy and secondary to systemic inflammation and ischemia[13]. Not least, laboratory changes reflecting on gut or hepato-bilio-pancreatic pathology have been reported in COVID-19. In this setting, abdominal imaging has been used to define the cause of symptoms and laboratory abnormalities in these patients. 
While an abundance of papers has described chest imaging findings in COVID-19, few articles have focused on abdominal imaging features of these patients. In this review we aim to summarize and analyze current evidence on abdominal imaging techniques, indications and findings in COVID-19, in accordance with relevant clinical and laboratory workup of these patients. 

[bookmark: OLE_LINK254][bookmark: OLE_LINK255]ABDOMINAL IMAGING
[bookmark: OLE_LINK33]Abdominal imaging reported in COVID-19 patients include abdominal ultrasound and cross-sectional imaging techniques such as computed tomography (CT) and magnetic resonance imaging (MRI). A literature search on the topic also revealed isolated reports of plain abdominal X-ray, endoscopy or positron emission tomography CT (PET-CT) findings in COVID-19 patients.

[bookmark: OLE_LINK10]Ultrasound
Abdominal ultrasound is being routinely used in patients with abdominal complaints. With regard to COVID-19, ultrasound (US) has been mostly indicated to evaluate for abdominal pain and abnormal liver function tests. While sometimes the abdominal pain does not reflect digestive pathology and is probably referred pain as the one seen in basilar pneumonias, the prevalence of transaminitis in COVID-19 has been estimated at 15%[14]. Sonographic examination has been also ordered for abdominal distention, suspected sepsis, increase in renal function tests or drop in hemoglobin[15]. Abdominal sonographic scanning also includes evaluation of hydration status by assessment of the inferior vena cava, presence of ascites (also pericardial or pleural effusions) or hydronephrosis[16]. 
In the study by Abdelmohsen et al[15] which aimed to characterize the sonographic abdominal imaging findings in COVID-19 intensive care patients, the most frequent sonographic finding was hepatomegaly (56.09%), followed by biliary system disease (41.4%) consisting of gallbladder wall thickening, mural hyperemia, intraluminal mud and pericholecystic fluid. Results are similar to those reported by Bhayana et al[17], with gallbladder sludge and distention being seen in 54% of right upper quadrant ultrasound studies. In this latter study, US also detected portal venous gas in one patient, which was confirmed by CT scan. US can also be used for guiding drainage procedures, as reported in cases of COVID-19-related acute cholecystitis[18]. 
A rather high prevalence of fatty liver has been reported in COVID-19 patients who underwent US examination, likely attributable to the established association between SARS-CoV-2 infection and obesity[17,19].
Taking into account the altered coagulation in COVID-19 and the potential thrombotic complications, US can be of value in evaluating the abdominal vasculature. Doppler US can be used to assess for venous or arterial thrombosis. Decreased vascularity at Doppler examination can indicate infarction and needs further studies. Contrast-enhanced US has been reported to adequately detect abdominal microcirculatory disorders by assessing mesenteric blood flow, liver and kidney perfusion[20].
A concern regarding US in COVID-19 patients was related to sonographer exposure while performing the examination. In order to minimize the scanning time, there have been proposals to capture cine clips and proceed with postprocessing of images after the examination[21].

CT
Several papers have looked at abdominal CT findings in COVID-19. Most frequent features seen on abdominal CT in COVID-19 patients were bowel wall thickening, fluid-filled colon, pneumatosis, pneumoperitoneum, intussusception, and ascites[22]. Abdominal findings in COVID-19 are detected either by ordering an abdominal scan in a SARS-CoV-2 positive patient, or by incidentally detecting ground-glass opacities in lung bases during an abdominal scan ordered for non-COVID related reasons. 
CT scan has been usually indicated for prominent, otherwise unexplained digestive pain or for suspected complications such as mesenteric thrombosis or bowel ischemia[12,17]. Also, elevations in serum amylase and lipase have been reported in COVID-19; while the increased values of pancreatic enzymes did not usually reflect pancreatitis, there are reports of COVID-19 associated acute pancreatitis documented by CT[23-29]. Others, however, have considered inappropriate to define a causal relationship between SARS-CoV-2 and acute pancreatitis, due to insufficient etiological workup[30].

MRI
MRI has been rarely reported in COVID-19 patients, significantly less than US and CT[17]. In a study by Shiralkar et al[31], MRI was indicated for liver dysfunction; no acute findings were seen. A potential limitation of abdominal MRI studies in COVID-19 is the prolonged examination time in patients suffering from respiratory failure. Although MRI is an excellent modality for the evaluation of biliary disease, findings are usually non-specific as cholestasis is related to the high expression of ACE2 receptor in cholangiocytes.

[bookmark: OLE_LINK256][bookmark: OLE_LINK257]DISCUSSIONS
In front of this novel threat for humanity, knowledge is continuously evolving with unprecedented efforts from the academic community. Despite good evidence on gastrointestinal involvement in COVID-19, related to the abundant expression of ACE2 receptors in the gut and biliary endothelium, there is a paucity of data regarding the imaging approach of digestive-related symptoms or laboratory test abnormalities of these patients. Moreover, currently available data on abdominal imaging in COVID-19 is retrospective in nature and limited by significant heterogeneity with respect to indications, protocol and follow-up of pathological findings.
Most frequent indications for US examination in SARS-CoV-2 positive patients were upper abdominal pain and altered liver function tests. COVID-19-related liver injury is usually mild and transient, but liver failure can occur in the setting of sepsis or coagulopathy with microthrombosis[21]. While Doppler examination might be limited in detecting small vessel thrombosis, assessment of mesenteric and liver vasculature patency is well done by contrast-enhanced CT scan or gadolinium-enhanced MRI. Usually, abdominal CT scan is indicated in cases of suspected bowel ischemia/ perforation, solid organ infarction (spleen, kidney), sepsis or cholestasis-related complications[21]. Segmental or diffuse thickening of the gut wall, along with distended intestinal lumen is a frequent finding in COVID-19 and can present as gastritis, enteritis, colitis or combination of these[21]. Bowel findings in COVID-19 are supposed to be caused be either direct viral infection of gut epithelium or by small-vessel thrombosis with consecutive ischemia[17]. 
Along with ischemic complications, CT scan can also depict hemorrhagic complications such as hematomas or hemorrhagic transformation of bowel ischemia[21]. Besides its diagnostic role, abdominal imaging has also demonstrated prognostic value upon detection of ischemic gastrointestinal complications in COVID-19, which has been shown to be associated with higher mortality[32,33]. The most frequent findings on abdominal imaging in COVID-19 are summarized in Figure 1. 
Not least, cross-sectional abdominal imaging performed in symptomatic individuals not suspected of having COVID-19 can alert clinicians of the possibility of SARS-CoV-2 infection by detection of ground-glass opacities on sections of the upper abdomen which are also capturing the lung bases. Thus, a CT scan ordered for a non-pulmonary indication can incidentally detect COVID-19 patients, before occurrence of respiratory manifestations. 
To sum up, abdominal ultrasound and cross-sectional imaging techniques such as CT scan can accurately assess for gastrointestinal involvement in SARS-CoV-2 infected patients, particularly in a clinically significant setting; knowledge of the underlying mechanisms of hepatobiliary, pancreatic and gut alterations in COVID-19 and a high index of suspicion is mandatory for prompt detection of digestive-related injuries of SARS-CoV-2 infection (Table 1). Further studies looking at abdominal microvasculature and follow-up of patients with abdominal features related to COVID-19 are warranted to better depict the imaging features of this infection. 

CONCLUSION
[bookmark: OLE_LINK258][bookmark: OLE_LINK259][bookmark: OLE_LINK260]While there’s been a steady accumulation of data with respect to abdominal imaging findings in COVID-19, currently available recommendations are based on limited research. There is a wide spectrum of abdominal imaging findings in COVID-19, which includes hepato-biliary, pancreatic and luminal pathology. Underlying mechanisms behind the wide spectrum of digestive involvement in COVID-19 include direct viral infection, small-vessel thrombosis and systemic inflammation. Prompt recognition of abdominal imaging findings in COVID-19 is mandatory to adequately guide management and improve prognosis of these patients. Also, abdominal imaging in patients with primarily digestive symptoms not initially suspected of COVID-19 can alert clinicians about the possibility of SARS-CoV-2 infection if typical lesions are found on evaluation of lung bases.
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[bookmark: OLE_LINK263][bookmark: OLE_LINK264]Figure 1 Summary of coronavirus disease-2019 related abdominal imaging findings.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]
Table 1 Summary of proposed mechanisms and abdominal imaging techniques recommended for gastrointestinal involvement in coronavirus disease-2019[13,34,35]
	
	Proposed mechanism
	Abdominal imaging 

	Hepato-biliary
	Direct viral cytopathic injury; Congestive hepatopathy; Drug-induced liver injury; Systemic inflammatory response; Exacerbation of preexistent chronic liver disease
	[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Ultrasound to check gallbladder and biliary tree; CT/MRI to asses for perfusion injury and complications

	Pancreas
	Direct viral cytopathic injury; Systemic inflammation; Dehydration
	CT scan to assess severity and complications of pancreatitis, and evaluate for alternative diagnosis; Ultrasound to check for biliary etiology or alternative diagnosis, also for diagnosis and follow-up of complications in pancreatitis

	Gastrointestinal tract
	Direct viral cytopathic injury; Systemic inflammation; Thrombosis; Adverse effects of COVID-19-related drugs
	CT scan to assess for clinically similar alternative diagnosis, to detect extension and severity of bowel inflammation and to check the vascular patency


COVID-19: Coronavirus disease-2019; CT: Computed tomography; MRI: Magnetic resonance imaging.
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