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Abstract
The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in coronavirus disease 2019 (COVID-19) which has affected more than 4.5 million people in 213 countries, and has been declared a pandemic by World Health Organization on 11th March 2020. The transmission of SARS-CoV-2 has been reported to occur primarily through direct contact or droplets. There have also been reports that SARS-CoV-2 can be detected in biopsy and stool specimens, and it has been postulated that there is potential for fecal–oral transmission as well. Gastrointestinal symptoms have been reported in 17.6% of COVID-19 patients and transmission can potentially occur through gastrointestinal secretions in this group of patients. Furthermore, transmission can also occur in asymptomatic carriers or patients with viral shedding during the incubation period. Endoscopic procedures hence may pose significant risks of transmission (even for those not directly involving confirmed COVID-19 cases) as endoscopists and endoscopy staff are in close contact with patients during these aerosol generating procedures. This could result in inadvertent transmission of infection at time of endoscopy. 
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[bookmark: OLE_LINK21]Core tip: Coronavirus pandemic has united the world in taking enhanced measures in the endoscopy center to limit the spread of disease. However, considerable variation exists in the society recommendations that have come out of United States, Canada, Europe, United Kingdom, Australia, Asia and Japan. We summarize these recommendations, provide an overview, and describe our practical application of endoscopy in this challenging times.

INTRODUCTION
Numerous organizations and societies worldwide have come up with guidelines, recommendations or position statements to optimize the practice of endoscopy during the coronavirus disease 2019 (COVID-19) pandemic[1-9]. In addition, various centers have described their experiences regarding endoscopy in COVID-19[10,11]. The guidelines by leading organizations in the United States, Canada, Europe, United Kingdom, Australia, Asia and Japan are summarized in Table 1. We aim to compare practices regarding endoscopy during COVID-19 between countries and share our experience in devising and implementing infection prevention and control measures to mitigate risk of transmission during endoscopy.

PRE ENDOSCOPY
Procedure assessment and review 
All organizations agree with the broad principle that elective cases should be individually assessed and reviewed, and elective non-urgent cases should be deferred. Depending on risk assessment, cases deemed to be of higher priority like those with suspected time-sensitive diagnosis e.g. malignancy should still proceed with endoscopic evaluation as delay may result in deleterious effect on patient outcomes. It is not a straightforward dichotomy, and the rationale underlying this approach is the need to balance medical urgency of procedure (as delay in procedure may have consequent delay in diagnosis and appropriate treatment, possibly leading to complications of disease or disease progression) with the risk of infection and utilization of potentially scarce resources. However, the definition of an elective case which should proceed differs considerably between various organizations and societies – it reflects that different areas have different incidences of COVID-19 and hence varying capacities for the performance of semi-urgent endoscopy. Our practice is that emergent cases are performed whereas outpatient elective cases are reviewed on a case-by-case basis and may be rescheduled. Direct-access endoscopy is suspended during this period.
Examples of emergent procedures which should be done: Upper or lower Gastrointestinal (GI) bleeding (BSG further recommends for upper GI bleeding to risk stratify to only for patients predicted to require endoscopic therapy, and for lower GI bleeding to limit to patients in whom interventional radiology is not possible or unsuccessful). Foreign body removal; Pancreatobiliary: Cholangitis; GI obstruction requiring palliation; Examples of elective procedures which should be deferred: Screening and surveillance oesophagogastroduodenoscopy (OGD) or colonoscopy in asymptomatic patients. Evaluation of non-urgent symptoms. Therapeutic endoscopy in benign disease.
Of note, BSG recommends that if procedures are deferred for urgent referrals, the cases should be listed on a separate urgent deferred waiting list to ensure appropriate follow-up and to prioritize endoscopy when normal activities resume.
Our experience is also that there are many patients who do not fit clearly into either emergent or elective categories, for example, patients with symptomatic iron-deficiency anemia who are not actively bleeding, but for whom delay until normal endoscopic services resume might be life threatening or have prognostic implications due to undiagnosed peptic ulcer disease or GI malignancy. After clinical review, numerous such patients would still be considered to proceed with endoscopy. Despite utilizing this approach, we have reduced the total endoscopy case load to less than 40% of the usual load in our center.

Patient assessment and screening
At our center, prior to endoscopy, patients are pre-screened for symptoms (fever, upper respiratory tract symptoms) and significant contact and travel history. 
On arrival at the endoscopy center, patients are screened again for symptoms, and patients’ temperatures are checked. After passing through screening and temperature taking, patients will enter the waiting area. All patients should be wearing at least a surgical mask and should maintain adequate physical distance of 1-2 m from others. Asian Pacific Society for Digestive Endoscopy and ESGE suggest that no caregivers or relatives should be allowed to enter the endoscopy center.
We have devised a simple algorithm to aid decision making regarding timing of procedures (Figure 1).

DURING ENDOSCOPY
Personal protection equipment 
All organizations concur that for all procedures, all members of the endoscopy team should wear appropriate personal protection equipment (PPE) – usually consisting of N95 or surgical mask, eye shield/goggles, face shield, water-resistant gown and gloves. AGA and ASGE advise the use of N95 mask for all procedures. In contrast, ESGE, CAG and GESA limit the use of N95 mask for high-risk procedures only. AGA also specifies that 2 sets of gloves (rather than 1 set) should be used in all procedures, whereas CAG and ESGE suggest that 2 sets of gloves be used in high-risk procedures only. This minimizes contamination by reducing risk of transferring viral organisms from PPE to clothes or the rest of the body during removal of PPE. These differences probably reflect variable availability and practical rationing to conserve limited PPE resources amidst competing needs. Endoscopy staff should be trained in donning and removing PPE, and hand hygiene practices must be observed strictly.
In our center, we have enhanced our universal precautions, to N95 mask, eye goggles, water resistant gown and gloves for endoscopy in all patients. In addition, for confirmed or suspected COVID-19 cases, the endoscopist and assisting nurses wear all PPE with the addition of powered air-purifying respirators (PAPR) as an additional barrier. All confirmed or suspected COVID-19 cases should have been admitted to hospital. Suspected cases are defined as per guidance from our Ministry of Health[12] – usually suspected if they have clinical signs and symptoms suggestive of acute respiratory illness, and COVID-19 cases are confirmed with syndrome coronavirus 2 (SARS-CoV-2) polymerase chain reaction test of respiratory or nasopharyngeal swabs.

Members of endoscopy team 
In our center, endoscopy staff are assessed daily for symptoms and signs suggestive of COVID-19 infection–temperature is checked twice a day. Staff are grouped into teams of 2-3 which are segregated into separate endoscopy rooms and remain together for the whole day. This is to minimize concomitant exposure to infection and prevent potential spread of infection between teams. 
The number of endoscopy staff should be curbed with only essential staff (senior endoscopist +/- trainee, maximum of 2-3 assisting nurses) allowed in the room during procedures. Particular mention should be made of different perspectives of the involvement of trainees in procedures. AGA and BSG have recommended to review and consider limiting their participation in procedures in view of constraints in PPE supply and concerns of increased procedural time. GESA has adopted a more nuanced approach and suggested that trainees should be restricted from participating in procedures involving confirmed COVID-19 cases or cases at high risk of COVID-19 but should be allowed to do procedures involving cases at low risk of COVID-19. Our center adopts this stance, valuing trainee participation in standard endoscopy but limiting their exposure to COVID-19 confirmed or suspected cases. 

Procedure logistics
In our center, for confirmed or suspected patients with COVID-19, endoscopic procedures should be done in negative pressure rooms if fluoroscopy is not required, or in a designated operating theatre with negative pressure if fluoroscopy is required. In limited resource settings where negative pressure rooms are not available, AGA advises portable industrial-grade high-efficiency particulate air filters as an alternative, in line with Centers for Disease Control and Prevention guidelines. Our center has a total of 6 available endoscopy rooms-all inpatient cases are consolidated in 1-2 specified rooms, and outpatient cases are done in other available rooms. This ensures no cross-contamination between patients.

POST ENDOSCOPY
Cleaning and disinfection
Standard cleaning and disinfection of endoscopy rooms and endoscopy equipment should continue. Endoscopes and endoscopic accessories are reprocessed with standardized reprocessing procedures. Our center’s practice is in line with the United States multi-society guidelines[13]. Endoscopes are cleaned manually–endoscope components are disassembled, and endoscope and their components are immersed in detergent which is compatible with the endoscope. All available channels are flushed and brushed to remove any residue. Endoscopes and their components are subsequently subjected to high-level disinfection with an automated endoscope reprocessing unit. 
For confirmed or suspected COVID-19 cases, used endoscopes and endoscopic equipment will be cleaned on site with disinfectant. Used scopes will then be placed in biohazard bags (double bagged) into a container and transported back to the endoscopy centre for further cleaning and reprocessing, which will be done separately from other endoscopic equipment. 
All endoscopy staff involved in disinfection and reprocessing of endoscopes and endoscopic equipment should be wearing PPE.

Follow-up
Patients can be contacted at 7-d and 14-d post-procedure to ask about new diagnosis of COVID-19 or development of symptoms of COVID-19 infection. This is suggested by the United States Joint GI Society and ESGE but not routinely practiced elsewhere. Our center conducts routine follow-up calls as per our patient feedback process but not specifically for COVID-19.
We have formulated a proposed workflow incorporating the above measures which can enhance safety of endoscopy in this period (Table 2).

RESUMING ENDOSCOPY AFTER CORONAVIRUS DISEASE PANDEMIC
With numerous countries employing strategies such as social distancing to decrease rates of SARS-CoV-2 infection, the peak of the COVID-19 pandemic may have passed and attention now turns to how best to re-introduce normal activities and services safely. AGA and Digestive Health Physicians Association (DHPA), ASGE, and BSG have recently published guidelines on resumption of endoscopy during the COVID-19 pandemic[14-16]. Timing of resuming elective procedures should be guided by incidence of COVID-19 cases in the local community, and availability of equipment and manpower. AGA/DHPA propose to resume elective endoscopic procedures when there is a sustained decrease in rate of new COVID-19 cases in the community for at least 14 d, and the decision to resume should also take into consideration availability of resources required to ensure the safety of both healthcare staff and patients.
Resumption of elective endoscopic procedures should be done cautiously and gradually in a phased manner. Both AGA/DHPA and ASGE recommend additional measures for pre-procedure patient screening. AGA/DHPA suggest conducting SARS-CoV-2 PCR testing within 48 h before procedure; if unable to do so, to consider asking patients to keep daily temperature logs for 10 d before procedure. On the day of procedure, a symptom questionnaire will be administered to patients and their temperatures will be checked. ASGE suggests doing pre-screening with a questionnaire on symptoms, contact history, travel history, and occupational exposure within 72 h before procedure. Responses to the questionnaire should be updated on the day of procedure. The rest of the infection prevention and control measures discussed above should continue to be implemented and observed. Additionally, ASGE mentions that patients should be followed up and surveyed 1-2 wk post-procedure – they are advised to inform the endoscopy centre if they develop symptoms or are diagnosed with COVID-19 within 14 d of procedure.

CONCLUSION
The COVID-19 pandemic has united the world in taking enhanced measures in endoscopy to limit the spread of disease. However, different approaches to these measures highlight system differences in approach to care and logistic limitations. Guidelines and recommendations on endoscopy during COVID-19 are not exhaustive and not inflexible. Of note, many of these guidelines were released consecutively as the pandemic evolved in individual countries and might not necessarily reflect the current state of practice. In these challenging and rapidly evolving times, there is constant emergence of new information, and new innovations in testing and treatment. We should hence be prepared to continually adapt our practices to improve quality and safety of endoscopy during the pandemic.
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Figure 1 Workflow for endoscopy during coronavirus disease 2019. Personal protection equipment: N95 mask, eye protection (goggles), long-sleeved waterproof gown, one set of gloves.

Table 1 Comparison of guidelines / recommendations / position statements
	 
	United States Joint GI Society
	United States (AGA)
	United States (ASGE)
	Canada (CAG)
	Europe (ESGE/ESGENA)
	United Kingdom (BSG/JAG)
	Australia (GESA)
	Asia (APSDE)
	Japan (JGES)

	Pre-endoscopy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Procedure review and stratification
	Urgent: perform, non-urgent which may need to be performed, non-urgent: postpone
	Time-sensitive (within 24 h-8 wk), not time-sensitive; - defer procedure on case-by-case basis
	Urgent/emergent: perform, elective: postpone
	Essential: perform, not essential: postpone
	Emergent, elective: postpone; Evaluate risk of GI disease-related vs COVID-19 related morbidity and mortality
	Emergent/essential (continue), needs discussion (case-by-case basis), defer until further notice
	Urgent/emergent: perform, semi-elective: review, elective: postpone
	Urgent: perform, semi-urgent: case-by-case basis, elective: postpone
	

	Procedures to proceed 
	
	Upper GI bleeding; Lower GI bleeding (if SARS-CoV-2 PCR negative)
	Upper/lower GI bleeding; Dysphagia causing decreased intake; Time-sensitive diagnosis e.g. evaluation/treatment of cancer/pre; Cancerous conditions;IBD if endoscopy may change management; GI obstruction requiring palliation;Cholangitis
	GI bleeding which is life-threatening; GI obstruction (e.g. esophageal obstruction due to food bolus / foreign body); Cholangitis
	Upper/lower GI bleeding with haemodynamic instability; Foreign body in esophagus or high-risk foreign body in stomach; Obstructive jaundice; Cholangitis
	Upper GI bleeding likely to require therapy; Lower GI bleeding which failed radiological intervention; Foreign body; GI obstruction requiring stenting; Cholangitis, infected peri-pancreatic collection; Nutrition support: urgent NJT/PEG
	Upper GI bleeding, clinically significant;Lower GI bleeding not due to haemorrhoids; Evaluation/treatment of cancer; New diagnosis / flare of IBD in which endoscopy may change management; GI obstruction; Cholangitis, infected/symptomatic peri-pancreatic collection;Nutrition: urgent NGT/NJT/PEG
	GI bleeding; Foreign body; GI obstruction requiring stenting; Management of leakage/perforations; Biliary sepsis; Nutrition: urgent GI access for feeding
	

	Procedures to consider (case-by-case)
	Evaluation of suspected cancer; Evaluation of significant symptoms
	Conditions in which delay in diagnosis can have implications on treatment (e.g. cancer, IBD); Treatment of pre-cancerous lesions e.g. high-grade dysplasia in Barrett’s, EMR of large colon polyp
	Mild dysphagia; Iron deficiency anaemia 
	
	High priority; Upper GI bleeding without instability; Severe anaemia; Dysphagia /dyspepsia with alarm symptoms;Evaluation of suspected cancer e.g. imaging evidence of mass; Treatment of early cancer/pre-cancerous lesions; Pancreatobiliary stent replacement; Low priority; Iron deficiency anaemia; Pancreatic cyst (depends on risk features) 
	Variceal surveillance in high risk cases (e.g. recent acute bleeding);Evaluation of malignant conditions; EUS for staging/planning of treatment of cancer; Treatment of high-risk lesions e.g. EMR/ESD
	Dysphagia; Iron deficiency anaemia (except female < 50 yr) where no other likely cause on clinical exam; Marked weight loss; Evaluation of suspected cancer e.g. abnormal imaging; Treatment of pre-cancerous lesions e.g. resection of large colonic polyp; Pancreatobiliary stent replacement/ removal
	High suspicion of cancer; Treatment of cancer/pre-cancerous lesions with EMR/ESD; ERCP for hepatobiliary cancers
	

	Procedures to defer 
	
	Screening / surveillance colonoscopy
	Screening / surveillance OGD or colonoscopy in asymptomatic patients (including variceal surveillance); Evaluation of non-urgent symptoms or disease states (e.g. intermediate risk pancreatic cysts)
	Screening / surveillance OGD or colonoscopy 
	Screening / surveillance; Evaluation of dyspepsia, reflux or IBS-like symptoms with no alarm symptoms
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10] Screening / surveillance; Assessment of disease in IBD; Low-risk follow-up scopes (e.g. esophagitis or gastric ulcer healing); EUS for biliary dilatation, possible stones, pancreatic cyst (not high risk)
	Screening / surveillance; Non-specific symptoms; Evaluation of GERD, probable IBS; EUS for pancreatic cyst (low risk)/chronic pancreatitis; Asymptomatic gallstones
	Screening / surveillance; Diagnostic; Therapeutic for benign disease
	

	Postpone non-urgent procedure
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Patient pre-screening
	Screen for fever, respiratory symptoms and high risk exposure
	
	
	
	Screen for symptoms (fever, cough, shortness of breath, diarrhea) and contact history
	
	Screen for symptoms (flu-like symptoms), contact and travel history
	Screen for fever, contact history, travel history, occupational exposure 
	Screen for fever, symptoms (respiratory tract infection symptoms, shortness of breath, diarrhea, dysosmia/dysgeusia, fatigue), contact and travel history

	Patient assessment 
	Check patient's temperature on arrival
	
	
	
	Check patient's temperature on arrival
	
	
	
	Check patient's temperature on arrival

	Patient precautions
	Ensure patients maintain an appropriate distance (at least 6 ft) from each other
	
	
	
	Patients should use face masks and maintain a distance (at least 1-2 m)
	
	
	Ensure patients maintain an appropriate distance (2 m) from each other
	Ensure patients maintain an appropriate distance from each other

	Endoscopy staff screening
	
	
	
	
	Daily assessment of symptoms/signs and risk factors; Isolation and testing if symptomatic
	
	
	
	Daily assessment of symptoms/signs and risk factors

	Waiting area policy
	Avoid bringing patients (or escorts) ≥ 65 or with 1 of the CDC recognised risks
	
	
	
	No caregiver/relatives allowed except in special situations
	
	
	No caregiver/relatives allowed except in special situations
	

	During Endoscopy 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Type of PPE
	Mask (type not specified), eye shield/goggles, face shield, gown, gloves
	N95 mask (or PAPR), double gloves 
	N95 mask
	High risk (include all upper GI procedures): N95 mask or equivalent, double gloves; Low risk: surgical mask, gloves; Common: goggles/face shield, gown, hairnet
	Confirmed COVID-19 or high risk cases: N95 mask or equivalent, double gloves; Low risk: surgical mask, gloves; Common: goggles/face shield, water-proof gown, shoe covers, hairnet
	Confirmed COVID-19 or high-risk (upper GI procedures): FFP3 mask, full visor, long-sleeved gown; Low risk: surgical mask, glasses/visor, disposable apron; Common: gloves, shoe covers, hairnet
	Confirmed/suspected COVID-19 or high risk cases: N95 mask (or FFP2/3); Low risk: surgical mask; Common: goggles/face shield, long-sleeved waterproof gown, gloves
	Confirmed/suspected COVID-19 cases: N95 mask; Low risk: N95 or surgical mask; Common: goggles/face shield, water-resistant gown, gloves
	Face mask, goggle/face shield, long-sleeved gown, gloves, cap

	Members of endoscopy team
	Only essential staff should be present in procedures
	Minimise number of staff in room during endotracheal intubation (anaesthesia team only); avoid switch in staff during procedures
	
	
	Only essential staff should be present in procedures
	Restrict number of staff in procedures
	Confirmed/at high risk of COVID-19 cases: restrict number of staff in procedures; Low risk: standard number of staff
	1 experienced endoscopist + 2 nurses only
	

	Endoscopy training
	
	Review appropriateness of trainee involvement in procedures 
	
	
	Modify training - encourage use of e-learning
	Limit trainee involvement
	Confirmed/at high risk of COVID-19 cases: no trainees; Low risk: trainees can be involved
	
	

	Location
	Confirmed/suspected COVID-19 cases: do procedure in negative pressure rooms
	Confirmed/suspected COVID-19 cases: do procedure in negative pressure rooms
	
	
	Confirmed/high-risk of COVID-19 cases: do procedure in negative pressure rooms
	
	Confirmed/high risk of COVID-19 cases: do procedure in negative pressure rooms
	Confirmed/suspected COVID-19 cases: do procedure in negative pressure rooms
	

	Post-Endoscopy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Follow-up
	Consider phone follow-up at 7 and 14 d to ask about new diagnosis or development of symptoms of COVID-19
	
	
	
	Consider contacting patients at 7 and 14 d to ask about new diagnosis or development of symptoms of COVID-19
	
	
	
	


APSDE: Asian Pacific Society for Digestive Endoscopy; COVID-19: Coronavirus disease 2019; PAPR: Powered air-purifying respirators; IBD: Inflammatory bowel disease; OGD: Oesophagogastroduodenoscopy; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; GI: Gastrointestinal; EUS: Endoscopic ultrasonography.

Table 2 Infection control measures in the endoscopy unit
	Issues
	Steps

	Pre-procedure

	Risk assessment; Patient/ Procedure; Patient precautions
	· Inpatient urgent cases are done on a case-to-case basis; Outpatient elective non-urgent cases are reviewed by physician in charge – proceed with cases with suspected significant or time-specific diagnosis, reschedule all other cases; Direct access endoscopy is suspended; Prior to endoscopy: pre-screen patients for history of fever or upper respiratory tract symptoms (cough, sore throat, rhinorrhea), significant contact and travel history, or if they have been issued a home quarantine order or stay home notice; This includes patients who have family members or close contact with suspected or confirmed COVID-19 case, and patients with recent travel to high risk countries in the past 14 d. On day of endoscopy: check patient’s body temperature on arrival and ensure patients are at least 2 m apart in the endoscopy centre. All patients and staff wear surgical masks while in the endoscopy centre. Hand hygiene is performed before and after patient contact; Only 1 visitor per patient will be allowed to enter the endoscopy centre.

	Procedure

	Personal protection equipment (PPE)
	· All members of the endoscopy team wear PPE consisting of N95 mask, face shield, eye shield/goggles, long-sleeved surgical gown and gloves; For confirmed COVID-19 cases; The transfer team will wear PPE while transporting patients to and from the ward; The endoscopist and assisting nurses will wear PPE with powered air-purifying respirators (PAPR) (eye shield/goggles are not required with a PAPR) before entering the room; All endoscopy staff are trained to don and remove PPE accurately; Hand hygiene is performed before wearing and after removing PPE. Wearing of PPE follows these steps: gown is worn first, followed by N95 mask and eye shield/goggles, then face shield, and finally gloves. Removal of PPE follows these steps: remove gloves and gown first inside the room, then remove PAPR and N95 mask outside the room or in ante-room (if available).

	Members of endoscopy team
	· Endoscopy staff are grouped into teams and segregated into separate endoscopy rooms. Endoscopy staff are advised to minimise personal contact and interaction with staff from other groups.

	Logistics
	· For confirmed or suspected patients with COVID-19, endoscopic procedures are done in negative pressure rooms. If fluoroscopy is not required, endoscopy is done at bedside in negative pressure isolation room in the ward. If fluoroscopy is required, endoscopy is done in a designated major operating theatre room. The endoscopy team prepares all necessary equipment and scopes on a clean trolley before proceeding to the location. All other inpatient cases are consolidated in a specified room in the endoscopy centre. If this is not possible, the inpatient case will be scheduled as last case in the room. Outpatient elective cases are performed in other available rooms.

	Post procedure

	Cleaning and disinfection
	· Standard cleaning and disinfection of endoscopy rooms continue. All surfaces in endoscopy rooms are cleaned, followed by disinfection. For confirmed COVID-19 cases. Used equipment will be wiped down on site with disinfectant, placed in a labeled “dirty” trolley and brought back to endoscopy centre for further cleaning and disinfection. Used scopes will be wiped down on site with disinfectant, placed in a biohazard bag (double bagged), and placed in a rigid container with lid for transportation back to the endoscopy centre for reprocessing.


[bookmark: _GoBack]PPE: Personal protection equipment; COVID-19: Coronavirus disease 2019; PAPR: Powered air-purifying respirators; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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