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Abstract
In March 2020, coronavirus disease 19 (COVID-19) became a global pandemic, with Italy being one of the most affected countries in the world. The large number of patients needing hospitalization in the intensive care unit has required serious efforts by the Italian national health system to promptly respond to this unexpected emergency. In this paper we report how, in a heavily COVID-19-affected area of Northern Italy, a Gastroenterology and Digestive Endoscopy Unit was partially converted to an intensive care unit. Moreover, we describe in detail the organizational and structural changes needed to avoid transmission of severe acute respiratory syndrome coronavirus 2 in our ward. The effectiveness of these measures has been certified by the absence of infected personnel.
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[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Core tip:  In this article, we report our experience in a heavily coronavirus disease 19 affected area. Within our Endoscopy Unit, structural and organizational changes have been required after the spread of the disease to temporarily increase the capacity of the intensive care unit. Moreover, specific procedures concerning the management and paths dedicated to patients have been adopted. Finally, appropriate behavioral strategies have been established for healthcare professionals. The effectiveness of these measures has been certified by the absence of infected personnel.

INTRODUCTION
In December 2019, a new type of coronavirus, named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was identified in Wuhan, the largest city in the Hubei Province of China[1,2]. The clinical presentation of SARS-CoV-2 disease coronavirus disease 19 (COVID-19) ranges from asymptomatic to very severe pneumonia with acute respiratory distress syndrome, septic shock, and multiorgan failure, which may result in death[3]. Gastrointestinal symptoms, such as diarrhea, nausea, vomiting, and abdominal discomfort, are less frequent but can precede typical respiratory presentation[4]. Diagnosis is possible through the identification of SARS-CoV-2 ribonucleic acid by polymerase chain reaction of nasopharyngeal and oropharyngeal swab[5], detection of serum immunoglobulin M and immunoglobulin G antibodies[6], or detection of typical ground-glass opacities/interstitial pneumonia by chest computed tomography scan[7].
SARS-CoV-2 is highly contagious and is transmitted from person-to-person through inhalation of large respiratory droplets[8]. Other transmission pathways are contact with contaminated surfaces or inhalation during aerosol-generating medical procedures, such as upper endoscopy. Moreover, researchers have detected SARS-CoV-2 in stool samples and in lower gastrointestinal tract specimens, suggesting that there might be fecal-oral transmission[9].
COVID-19 has rapidly spread throughout China and caused an increasing number of cases and deaths worldwide. On March 11, 2020, after the first 118000 cases in 114 countries, the World Health Organization declared the COVID-19 outbreak a pandemic[10].

SARS-COV-2 DISEASE IN ITALY: GENERAL HEALTHCARE MEASURES
The first case of COVID-19 in Italy was reported on February 21, 2020, after the admission of a 38-year-old man into an intensive care unit (ICU) for severe pneumonia at Codogno Hospital (Lombardy, Italy). Since then, the number of cases identified in Italy has dramatically increased, mainly in some regions of Northern Italy, such as Lombardy and Emilia Romagna. Currently, Italy is one of the most affected European countries, accounting for high rates of deaths and confirmed cases requiring hospitalization for COVID-19[11]. Moreover, the very high number of patients requiring intensive care has been a serious concern due to the shortage of ICU beds and ventilators[12].
Starting from March 10, the Italian Government imposed a nationwide state of emergency with lockdown and self-isolation measures to counteract the spread of COVID-19. At the same time, to prevent the probable unjustified contagion for healthcare professionals and among patients, hospitals have progressively reduced all ordinary activities. Finally, when ICU admissions quickly increased, each regional healthcare system increased the number of ICU beds and reduced the number of beds available for other urgent or elective hospitalizations.

EXPERIENCE OF A DIGESTIVE ENDOSCOPY UNIT IN A TERTIARY REFERRAL HOSPITAL IN NOTHERN ITALY
At the time of writing this paper, the province of Reggio Emilia (Emilia Romagna, Italy; 533000 inhabitants) had 2800 SARS-CoV-2 infections[13]. The Arcispedale Santa Maria Nuova (ASMN) is a tertiary referral hospital in Reggio Emilia. In early March 2020, the Gastroenterology and Digestive Endoscopy Unit promptly and partially turned into an ICU. Here, we report our experience by describing the structural measures and organizational changes adopted.

Structural measures
Our Gastroenterology and Digestive Endoscopy Unit is located inside the new Oncological and Hematological Center of the ASMN. The Unit has five endoscopic rooms, including one that is equipped with a mobile X-ray angiography system (Discovery™ IGS 740; GE Healthcare, Chicago, IL, United States) (Figure 1), a large recovery area, an endoscope reprocessing and storage area, a reception and waiting zone, different rooms for interview or clinical examination, and support rooms, for a total surface of nearly 1550 m2 (Figure 2). The recovery area is equipped with wall medical air and wall oxygen supply, wall suction, and a medical gas and vacuum system with a standard comparable to what is defined for an ICU (Figure 3A and B). Moreover, a centralized system to monitor patients’ vital functions is also available in the recovery room.
In early March 2020, the ICU of the ASMN hospital required a substantial increase of bed availability. For this purpose, on March 18, our unit was partially converted in that the recovery area and the two facing endoscopic rooms were replaced with 14 ICU beds (Figure 4A and B) dedicated to patients who need tracheal intubation and intensive care support. Inside this new ICU, a negative pressure (-5 Pa) is maintained. The remaining three endoscopic rooms are currently working. The room equipped with the Discovery system (Hybrid Operative Room) is dedicated to hepatobiliary diagnostic and therapeutic procedures. Another endoscopic room was converted to a new recovery area (Figure 4C). The last one is currently being used for all other non-hepatobiliary endoscopic examinations. A U-shaped pathway with a single entrance/exit door to the structure has been created (Figure 5). 

Organizational changes
All upper endoscopic procedures are considered aerosol-generating procedures, and healthcare operators working in the endoscopy unit are at high risk of exposure to the virus[14]. Moreover, according to detection in the samples of stool and lower gastrointestinal tract, the risk of possible exposure to SARS-Cov-2 is also high in lower endoscopy.
To prevent SARS-CoV-2 transmission and according to the above-mentioned structural changes, since early March, our activities have been progressively reduced to a minimum. For example, elective endoscopic procedures and colorectal cancer screening have been temporarily suspended. As the British Society of Gastroenterology suggests, only urgent and emergency endoscopies have been performed in order to treat patients with acute upper and lower bleeding, obstructions, foreign bodies ingestion, jaundice, acute suppurative cholangitis, or other not deferrable benign and malignant gastrointestinal diseases[15].
Access to the endoscopic unit is limited to healthcare staff and patients. The body temperature of all operators is checked daily before they enter the hospital. All inpatient-scheduled exams are performed only after screening for COVID-19 or a chest computed tomography scan. All patients undergoing an emergency procedure have at least a chest X-ray. All outpatients are investigated to determine if they or their family members have a fever or respiratory symptoms, or if they have had direct contact with a case of COVID-19. In cases of doubtful clinical or radiological data, the patient is considered positive for COVID-19. In cases of positive or suspicious patients, the indication is always revised and the exam is performed only if it is confirmed as non-postponable. All patients referred to our unit wear a facial mask. Positive or highly suspicious COVID-19 patients have direct access to the endoscopic room; At the end of the examination, patients remain in the room until they can return to the ward. For negative patients, the new recovery room is used. In this room, the presence of more than two patients is not allowed in order to avoid close contact (< 2 m).
Our unit includes 13 doctors. During the COVID emergency, endoscopic activity is performed by 9 gastroenterologists. 4 doctors have been temporarily assigned to medical departments for the management of COVID patients who do not require intensive care. Some nurses of endoscopic staff are working in the new ICU. Only anesthesiologists work in the new intensive care unit.
The number of operators in the endoscopic rooms is reduced to the bare minimum. When tracheal intubation is required, only the anesthesiologist and one nurse stay inside the endoscopy room during the maneuver. If required, each endoscopic examination can be assessed remotely in real time by an expert operator. The use of such personal protective equipment as waterproof gowns, gloves, hairnet, medical mask, filtering face piece 2/3 respirators, and eye protection (i.e. goggles or disposable face shield) is regulated according to the indications released by national and international authorities[16,17] and scientific societies[18]. The whole staff has been trained or retrained on hygiene measures as well as donning and doffing of personal protective equipment[19]. After endoscopy, healthcare professionals remove all protective clothing and appropriately clean their hands before leaving the endoscopic room. The surgical mask is required in the remaining area.
Precautions are adopted to prevent contamination among operators. In the Endoscopy unit, only strictly necessary operators are required, and the others remain at home. Outside the endoscopy rooms, it is forbidden to be in close contact with other operators and it is advisable to keep a minimum distance of 2 m. Each workstation, including a computer and chair, is exclusively used by a single operator and is disinfected before and after its use with chlorine-based solutions. Each operator just uses a personal phone. Disinfection of the phone is recommended at least at the beginning and end of the day. Finally, the frequent use of alcoholic disinfectant gels and hand hygiene are encouraged. Currently, no healthcare professional in the Digestive Endoscopy Unit has developed symptoms or tested positive for COVID-19. Our hospital provides a psychological assistance and mental health care services for medical staff. Currently, no doctor and no nurses among our staff needed such support.

CONCLUSION
COVID-19 is a significant global public health concern. Due to the large number of patients requiring hospitalization or intensive care, national health systems are at high risk of breakdown. The growing number of hospitalized patients may exceed the capacity of healthcare assistance and hospital bed availability, especially in the ICU. Here, we report our experience in a heavily COVID-19-affected area. Within our Endoscopy Unit, structural and organizational changes have been required after the spread of the disease. This new setting was created to obtain a temporary increase in the capacity of the ICU. Moreover, specific procedures concerning the management and paths dedicated to patients have been adopted. Finally, appropriate behavioral strategies have been established for healthcare professionals. The effectiveness of these measures has been certified by the absence of infected personnel, to date. In conclusion, during the COVID-19 emergency, any effort has to be considered. Clear and accurate indications to manage this emergency in an Endoscopy Unit are absolutely necessary.
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Figure Legends
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Figure 1 The hybrid room with Discovery™ IGS 740. The Discovery system has a wide bore C-arm, and the combination of this with a large detector enables extremely high-quality imaging, including three-dimensional imaging.
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Figure 2 Map of the Gastrointestinal Endoscopy Unit. The Gastroenterology and Digestive Endoscopy Unit is on the ground floor of the new Oncological and Hematological Center of the Arcispedale Santa Maria Nuova. Here, the map of the Unit is shown inside the red box.
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Figure 3 Equipment in the recovery room. A: The recovery room is equipped with medical air and wall oxygen supply, wall suction, and a medical gas and vacuum system; and B: Details of the wall devices.
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Figure 4 Structural changes. A: Original recovery room without beds; B: New intensive care unit derived from a recovery room with beds and monitors; and C: New recovery room derived from an endoscopy room.
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Figure 5 Map of the new Gastrointestinal Endoscopy Unit. The new intensive care unit is shown inside the blue box. The new Endoscopy Unit with a U-shape pathway is shown outside the blue box.
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