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Abstract
BACKGROUND
Severe acute respiratory syndrome coronavirus 2 has been confirmed to be a newly discovered zoonotic pathogen that causes highly contagious viral pneumonia, which the World Health Organization has named novel coronavirus pneumonia. Since its outbreak, it has become a global pandemic. During the outbreak of coronavirus disease 2019 (COVID-19), however, there is no mature experience or guidance on how to carry out emergency surgery for suspected cases requiring emergency surgical intervention and perioperative safety protection against virus.

CASE SUMMARY
A 41-year-old man was admitted to the hospital for emergency treatment due to "3-d abdominal pain aggravated with cessation of exhaust and defecation". After improving inspections and laboratory tests, the patient was assessed and diagnosed by the multiple discipline team as "strangulation obstruction, pulmonary infection”. His body temperature was 38.8 °C, and the chest computed tomography showed pulmonary infection. Given fever and pneumonia, we could not rule out COVID-19 after consultation by fever clinicians and respiratory experts. Hence, we performed emergency surgery under three-level protection for the suspected case. After surgery, his nucleic acid test for COVID-19 was negative, meaning COVID-19 was excluded, and routine postoperative treatment and nursing was followed. The patient was treated with symptomatic support after the operation. The stomach tube and urinary tube were removed on the 1st d after the operation. The clearing diet was started on the 3rd d after the operation, and the body temperature returned to normal. Flatus and bowel movements were noted on 5th postoperative day. He was discharged after 8 d of hospitalization. The patient was followed up for 4 mo after discharge, no serious complications occurred. A 71-year-old woman was admitted to our emergency room due to "abdominal distention, fatigue for 6 d and fever for 13 h". After the multiple discipline team evaluation, the patient was diagnosed as "intestinal obstruction, abdominal mass, peritonitis and pulmonary infection". At that time, the patient's body temperature was 39.6 °C, and chest computed tomography indicated pulmonary infection. COVID-19 could not be completely excluded after consultation in the fever outpatient department and respiratory department. Therefore, the patient was treated as a suspected case, and an urgent operation was performed under three-level medical protection. Postoperative nucleic acid test was negative, COVID-19 was excluded, and routine postoperative treatment and nursing were followed. After the operation, the patient received symptomatic and supportive treatment. The gastric tube was removed on the 1st d after the operation, and the urinary tube was removed on the 3rd d after the operation. Enteral nutrition began on the 3rd d after the operation. To date, no serious complications have been found during follow-up after discharge.

CONCLUSION
Based on the previous treatment experience, we reviewed the procedures of two cases of suspected COVID-19 emergency surgery and extracted the perioperative protection experience. By referring to the literature and following the regulations on prevention and management of infectious diseases, we have developed a relatively mature and complete emergency surgical workflow for suspected COVID-19 cases and shared perioperative protection and management experience and measures.
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Core Tip: During the pandemic period of coronavirus disease 2019 (COVID-19), we reviewed the procedures of two cases of suspected COVID-19 emergency surgery and extracted the perioperative protection experience. We developed a relatively mature and complete emergency surgical workflow for suspected COVID-19 cases and shared perioperative protection and management experience and measures. As COVID-19 continues to ravage the world, health care workers can both protect themselves from COVID-19 infection and do their best to save the lives of critical, urgent and suspected COVID-19 patients by following reasonable and effective workflow of emergency surgery and adopting mature perioperative safety precautions.

INTRODUCTION
The ongoing pandemic caused by a novel coronavirus-infected pneumonia has generated great concern in the international community. It has been confirmed to be a highly contagious disease caused by a zoonotic pathogen novel coronavirus: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[1-4]. A majority of scholars also called it novel coronavirus pneumonia or novel coronavirus-infected pneumonia in the early stage of the epidemic before the World Health Organization officially named it coronavirus disease 2019 (COVID-19)[1,2,5]. Epidemiological studies have found that people are generally susceptible to COVID-19, and confirmed COVID-19 patients are clearly the source of infection of this disease, which is transmitted from person to person through respiratory droplets and close contact[6,7]. Meanwhile, aerosol transmission and fecal-oral transmission may also exist[7-9]. As with most respiratory viruses, it is considered most contagious when the patient is symptomatic, but SARS-CoV-2 has been transmitted by asymptomatic or presymptomatic carriers, although how frequently remains uncertain[10-12]. Based on the initial data of the epidemiologic characteristics of COVID-19 published on the New England Journal of Medicine, the basic reproductive number (R0) was estimated to be 2.2 (95% confidence interval, 1.4-3.9)[13]. However, another analysis showed that R0 even reached 3.6-4.0[11], indicating that COVID-19 was highly contagious. To date, COVID-19 has formed a global pandemic, the number of confirmed people is still rising, and the global epidemic prevention and control situation is grim. In accordance with the requirements[14] of prevention and control during the outbreak of COVID-19, we reduced selective surgical treatments but not emergency surgery and cancer surgery, which significantly affect the prognosis of patients. General surgery involves a wide scope of organs, common emergencies mainly endanger the life of patients with acute abdominal pain and abdominal trauma, and aggressive surgical intervention is the only effective means of rescue. However, a lot of emergency patients are often accompanied by fever, chest tightness, even dyspnea, etc., which are common symptoms of COVID-19[15]. Combined with hysteresis of SARS-CoV-2 nucleic acid testing results, sometimes it is hard to distinguish COVID-19 from other causes of the mentioned respiratory symptoms. In patients suspected to have COVID-19 who require urgent surgery, the risks and benefits of proceeding or postponing need to be weighed. To reduce risks to both patient and hospital staff, only emergency surgery should be performed on suspected patients[16]. Currently, there is no relevant regulations and guidelines on the management of emergency surgery for suspected COVID-19 cases and the perioperative protection against infection for medical staff. It is a significant challenge to ensure the safety of medical workers, make sure “zero infection”, and carry out standardized emergency surgery to the greatest extent during COVID-19 epidemic. Combined with the experience of emergency surgery of two suspected COVID-19 cases, we summarized the emergency surgical procedures and vital experience of general surgery during the epidemic of COVID-19 in order to provide references and suggestions for emergency surgery and perioperative protection during the epidemic period.

CASE PRESENTATION
Chief complaints
A 41-year-old man presented to the Emergency Department of our hospital complaining of 3-d abdominal pain aggravated with cessation of exhaust and defecation. Another case was a 71-year-old woman admitted to our emergency room due to abdominal distention, fatigue for 6 d and fever for 13 h.

History of present illness
The first patient’s symptoms started 3 d ago with mid-abdominal pain, which had worsened the last 24 h along with cessation of venting and defecating. The second patient developed general fatigue, abdominal distension, and poor appetite without obvious inducement 6 d ago. The patient also complained of palpable lumps in the lower abdomen. Nausea and vomiting occurred once that day, along with fever and a cough with a small amount of white phlegm. Since then, the patient's symptoms gradually worsened, and suddenly her abdominal pain could not be relieved and was accompanied by fever and mild consciousness disorder. Her son brought her to the emergency department for further treatment.

History of past illness
The first patient underwent laparoscopic appendectomy for acute appendicitis 5 years ago and recovered well after the operation. That same year, he recovered after medical treatment for acute pancreatitis. Second patient had a hysteromyomectomy 30 years ago, and a brain pacemaker implanted 1 year ago because of a 30-year history of Parkinson’s disease.

Physical examination
The first patient’s temperature was 38.8 °C, heart rate was 92 bpm, respiratory rate was 18 breaths per min, blood pressure was 101/66 mmHg, and body mass index (BMI) was 24.2. Physical examination revealed a surgical scar on the right lower abdomen. The abdomen was flat with muscle tension, and there was tenderness around the navel, but rebound pain was not obvious. Abdominal mobile dullness was negative, and bowel sounds were weak for 1-3 times per min. The second patient’s temperature was 39.6 °C, heart rate was 91 bpm, respiratory rate was 18 breaths per min, blood pressure was 128/62 mmHg, and BMI was 24.5. Physical examination revealed abdominal distension, abdominal muscle tension, and tenderness; rebound pain was not obvious, mobile dullness was negative, and bowel sounds were weak 1-3 times per min.

Laboratory examinations
First patient’s routine blood examination revealed: Hemoglobin 127 g/L, white blood cell count 14.38 × 109/L ↑, neutrophil 0.895 ↑, lymphocyte 0.217, platelet count 265 × 109/L, and serum C-reactive protein 6.8 mg/dL ↑; blood biochemical examination: Alanine aminotransferase 34.6 U/L, aspartate aminotransferase 29.8 U/L, total protein 68.7 g/L, serum albumin 38.9 g/L, serum potassium 3.42 mmol/L ↓, and remaining electrolytes were basically normal. Prothrombin and partial thromboplastin times were normal, and d-dimers were slightly increased at 0.89 μg/mL. Electrocardiogram was normal. Second patient’s routine blood examination revealed: Hemoglobin 109 g/L ↓, white blood cell count 17.56 × 109/L ↑, neutrophil count 0.915 ↑, lymphocyte 0.197 ↓, platelet count 235 × 109/L, and C-reactive protein 7.8 mg/dL ↑; blood biochemical examination: Alanine aminotransferase 12.6 U/L, aspartate aminotransferase 36.3 U/L, total protein 57.7 g/L, serum albumin 35.1 g/L, glucose 8.79 mmol/L ↑, and remaining electrolytes were basically normal.

Imaging examinations 
First patient’s abdominal computed tomography (CT) scan revealed: (1) Small bowel dilatation and effusion (based on combined clinical observation and dynamic observation); (2) the fat space around the pancreas was slightly blurred (clinical and laboratory tests were combined to exclude pancreatitis), consistent with mild fatty liver; (3) multiple calcifications in the liver; and (4) possibility of gallbladder stones; left kidney stone. Chest CT is shown in Figure 1A, and radiographic images of both lungs suggested the possibility of infectious lesions.
Second patient’s chest CT indicated pulmonary infection (Figure 1B). Abdominal CT scan showed obvious dilation in the small intestine, and there were abnormal air fluid levels in the small bowel. Gallbladder volume was increased, gallbladder wall was slightly thickened, fat spaces around the pancreas were blurred, and there was a small amount of liquid density shadow around the liver.

FINAL DIAGNOSIS
The final diagnosis of the first case was strangulation obstruction and pulmonary infection. The final diagnosis of the second case was abdominal neoplasm, strangulation obstruction, and pulmonary infection.

TREATMENT
Given fever and pneumonia, we could not rule out COVID-19, although fever clinicians and respiratory experts were consulted. Hence, we performed emergency surgery under three-level protection for the suspected cases. After laparotomy under general anesthesia, the first patient was observed with extensive abdominal adhesions, partial small intestinal congestion and edema, and blackened and necrotic intestinal tube of about 230 cm. The adhesive tissues were released, the small intestine was partially excised, and the side anastomosis was performed. The second patient’s abdominal exploration operation under the three-level medical protection revealed a large amount of yellowish clear ascites in the abdominal cavity, extensive omental edema, and adhesion covering the right lower abdomen. After separation, a huge cystic mass, about 10 cm in diameter, was seen. According to the results of the investigation, we decided to perform partial resection of the small intestine, anastomosis, and peritoneal cyst resection. After the operation, the two patients were given anti-inflammatories, nutrition, and other symptomatic support treatment. Novel coronavirus nucleic acid test was also performed.

OUTCOME AND FOLLOW-UP
After surgery, the first patient's nucleic acid test for COVID-19 was negative, meaning COVID-19 was excluded, and routine postoperative treatment and nursing was followed. The patient was treated with symptomatic support after the operation. The stomach tube and urinary tube were removed on the 1st d after the operation. The clearing diet was started on the 3rd d after the operation, and the body temperature returned to normal. Flatus and bowel movements were noted on the 5th postoperative day. He was discharged after 8 d of hospitalization. The patient was followed up for 4 mo after discharge, and no serious complications occurred.
The second patient received symptomatic and supportive treatment after surgery. Her gastric tube was removed on the 1st d after the operation, and the urinary tube was removed on the 3rd d after the operation. Enteral nutrition began on the 3rd d after the operation. Her pathology confirmed a small intestinal stromal tumor. To date, no serious complications have been found during follow-up after discharge.

DISCUSSION
Procedures for emergency treatment in general surgery during COVID-19 epidemic period
Acute abdomen and abdominal trauma in general surgery are often highly time-dependent, and patients undergoing emergency treatment should be fully examined and evaluated, and the necessary surgical interventions should be carried out in time. Patients with fever, chest tightness, and dyspnea who are admitted to the emergency department during the epidemic must undergo chest CT examination, viral nucleic acid testing if necessary, and undergo multi-disciplinary evaluation. Risks and benefits of proceeding or postponing an emergency surgery need to be weighed, and only patients with serious fatal illness are selected to undergo emergency surgery if there is a suspicion of COVID-19. A study examining the correlation of chest CT and RT-PCR testing in COVID-19 indicated that approximately 60%-93% of confirmed cases had initial positive CT findings consistent with COVID-19 prior (or parallel) to the initial positive RT-PCR (viral nucleic acid testing) results[17]. Therefore, because of the hysteresis and false negatives of viral nucleic acid detection, chest CT scanning may be useful as a primary or complement method for the rapid diagnosis of COVID-19 to optimize the management of patients[17-19]. In addition, the COVID-19 Diagnosis and Treatment Program (Trial Version 5)[20] issued by the Chinese National Health and Health Commission added the concept of clinical diagnosis, emphasizing chest CT examination for suspected cases.
Many studies[17-21] have argued that the chest CT manifestations of COVID-19 are divided into early stage, advanced stage, and severe stage. In the early stage, it was a single or multiple ground glass opacity, and the scope of the disease in the advanced stage expanded into consolidation with or without vascular enlargement. In the severe stage, the density of the two lungs was diffusely uneven or "white lung". With the progression of the disease, the chest CT manifestations gradually increase with time, further showing that chest CT manifestations can reflect disease progression and may have a certain suggestive effect on disease prognosis. Combining the experience of two emergency treatments for suspected cases, we believe that a comprehensive evaluation of the patient's clinical manifestations, laboratory examinations, and chest CT manifestations is a prerequisite for correct decision-making. For patients that cannot be excluded from COVID-19 after evaluation by the multidisciplinary treatment collaboration group (MDT) team, we recommend that they should be treated as suspected cases. We drew up a “flow chart of treatment and management of emergency patients requiring surgical intervention during COVID 19 epidemic” (Figure 2) to provide a reference for the management and treatment of other similar cases during the subsequent outbreak. What needs to be emphasized is the recommendation to adopt second-level or third-level protection for first-aid medical staff, imaging doctors, and throat swab collection nurses. Patients with unstable conditions need to be actively intervened and treated after evaluation in the shortest possible time. Patients with a relatively stable condition at the time of treatment should be continuously and dynamically assessed of their condition. If the disease progresses or hemodynamic instability is found, decisive and effective surgical intervention is required.

Perioperative preparation and safety precautions
When suspected infection cases are admitted to the emergency department during the epidemic and the condition is unstable and life-threatening or the prognosis is poor, emergency surgery is required. The perioperative preparation and safety protection requirements for such patients are different from those for routine emergency preparation.

Operating room preparation: We have already known that respiratory droplets and close contact transmission are the main transmission routes for COVID-19. Aerosol transmission is possible when exposed to a high concentration of aerosol for a long time in a relatively closed environment. Since coronavirus can be isolated in urine and feces, attention should be paid to the aerosol or contact transmission caused by urine and feces to environmental pollution. A dedicated operating room with a negative pressure (-5 Pa or less) environment is ideal for suspected or confirmed cases to reduce dissemination of the virus beyond the operating room[22,23]. The negative pressure operating room should have a separate access channel to isolate it from other operating rooms and set the isolation and buffer area. The buffer zone was closed during the operation, and a prominent sign was posted at the door of the operation. If a negative pressure operating room is unavailable, an operating room with an independent purification system and a relatively independent space should be selected, and terminal disinfection should be performed as required after surgery.

Surgical staff preparation: The number of staff participating in the operation should be restricted to the minimum necessary for patient safety. We recommend the operation team consists of surgeons (two to three people), anesthesiologists (one person), and nurses (two people); all staff should be protected in appropriate personal protective equipment (PPE). Designated areas were prepared for donning and doffing of PPE. Steps were numbered in sequence, and posters were put up to guide staff. Under the supervision and guidance of the disease control department, the medical staff and anesthesiologists participating in the operation wore PPE according to the requirements of three-level protection[24] according to the "procedures for medical staff to wear and take off protective equipment" before operation: Double-layer disposable hat, N95 mask, medical protective clothing, disposable isolation surgical gown, goggles, medical shield, and double-layer sterile gloves. After all members were properly protected, the doctor wearing PPE escorted the patient to the operating room through a dedicated channel or elevator.

Intraoperative anesthesia management and protection: The process of anesthesia intubation and extubation is the key link for the emergence of droplet exposure, and an experienced anesthesiologist should be selected to participate in the operation. Visual intubation tools and disposable endotracheal intubation tools are recommended. Non-disposable intubation tools should be strictly disinfected after use. Before anesthesia induction, artificial nasal breathing filters were installed between the anesthesia mask and the breathing circuit as well as the inhalation and exhalation ends of the anesthesia machine[25]. During anesthesia induction, special attention should be paid to adjust the flow of oxygen inhalation to avoid environmental pollution, fully relax the muscles, and use rapid induction techniques to avoid choking during intubation. It is important to strive for a successful one-time intubation. If a difficult airway is encountered, a laryngeal mask should be placed after the intubation fails to avoid repeated attempts of intubation. After successful anesthesia, the anesthesiologist should change disposable sterile gloves.
After the operation, the patient is recommended to bring the tracheal catheter and artificial nose to the intensive care unit (ICU) isolation ward of the fever clinic. If extubation is required after surgery, the airway secretions should be cleared in advance under deep anesthesia to avoid choking caused by cleaning the airway. It is recommended to choose the timing of extubation when the patient's consciousness has not been restored but has resumed regular spontaneous breathing. When extubating, attention should be given to retaining the artificial nose at the end of the tracheal tube, which can prevent the spray of airway secretions from causing droplets and aerosol contamination.

Surgical procedure management and protection: During the operation, electrocautery, ultrasonic knife, aspiration device, and other operations will inevitably produce a large amount of aerosol. At the same time, due to poor gas flow in the pneumoperitoneum, a large amount of aerosol smoke particles accumulate in the abdominal cavity. Because of the positive pressure of the pneumoperitoneum, the aerosol will be suddenly released with the opening of the trocar hole or a small abdominal incision, which increases the risk of aerosol exposure for the surgical staff. The surgical method should choose a simple and fast operation method to shorten the operation time and reduce the risk of intraoperative exposure. We prefer laparotomy should follow the principle of injury control[26]. Laparoscopic surgery can also be selected according to the needs of the disease and pneumoperitoneum and aerosol management should be performed during the operation.
Although the use of PPE in the operation guarantees the safety of the medical staff, it also comes with a lot of inconveniences. The multi-layer protective measures reduce the visual, auditory, and tactile sensitivities of the medical staff, which reduces the accuracy of the operation. As the operation progresses and the time is extended, fogging of the goggles may seriously affect the sight of the medical staff and increase the chance of intraoperative contamination. To solve this problem, medical antibacterial hand sanitizer or iodophor to coat evenly the inside and outside of the goggle lenses can be used, and paper towels can be used to wipe off excess hand sanitizer or iodophor. This method can reduce the fogging of the goggles during the operation.
During the operation, medical staff should operate gently to avoid splashing of blood, body fluids, flushing fluid, and drainage fluid and pay attention to the power of the energy equipment. The chief physician, assistant, and equipment nurse should cooperate skillfully and carefully. For example, when using a threaded needle for suture operation during surgery, it is recommended to use scissors to cut the thread to avoid the embarrassment of skipping the needle and losing the needle when pulling the suture improperly. Surgery team members should avoid occupational exposure caused by needle stick injuries or sharp device injuries during surgery.

Postoperative transport and management of patients: After the operation, the patient should be transferred to the ICU isolation ward by medical staff wearing three-level PPE according to the originally set transfer channel or elevator. Pay attention to protection on the way to avoid accidental exposure during transit. After the operation, the patient's nucleic acid test results were continuously tracked. If the test result is negative (retest after 24 h), the medical isolation can be lifted. If the test result is positive (retest after 24 h), the patient should be transported to the designated hospital for further treatment.

Management of specimens and related surgical items after surgery: Postoperative specimens are recommended to be immersed in formaldehyde and made a "COVID-19 suspect" eye-catching record and then sent to the Pathology Department by a special person. Disposables, medical protective equipment, and blood, body fluids, and rinsing fluids generated during the operation were placed in double-layer yellow medical waste bags and sealed, and the "COVID-19 suspect" logo was affixed on the outside. These items were treated as infectious medical wastes according to relevant regulations. Surgical instruments were packaged in double-layer yellow medical waste bags, which were affixed with an eye-catching “COVID-19 suspect” logo and sterilized separately. After the operation, the floor of the operating room, the operating table, and various equipment should be thoroughly disinfected.

Postoperative management of medical staff: The medical staff involved in the operation should take off the protective clothing after the operation under the supervision and guidance of a dedicated person and leave through a dedicated passage. The results of nucleic acid detection of patients should be followed up after surgery. Surgical staff without accidental exposure during the entire perioperative period can be exempted from medical isolation, otherwise a 14-d medical isolation observation should be performed.

CONCLUSION
During the epidemic, emergency doctors should pay special attention to the differential diagnosis of acute and serious diseases in general surgery, assess the patient's condition continuously and dynamically, and strictly control the indications for surgery. It is recommended to form a MDT with the relevant departments such as emergency department, fever clinic, general surgery, radiology department, anesthesia operation center, ICU isolation ward, disease control department, etc. Comprehensive evaluation of patients through MDT discussion should be performed to determine a reasonable diagnosis and treatment plan. In order to ensure the safety of medical staff, the online platform can be used for discussion, disease evaluation, diagnosis, and treatment plan formulation during COVID-19 pandemic. For patients suspected with COVID-19, we can follow the flowchart of treatment and management of emergency patients requiring surgical intervention during COVID-19 epidemic period. Medical staff should pay attention to the management and protection of the perioperative period to avoid exposure during the operation. These containment measures are necessary to optimize the quality of care provided to patients confirmed or suspected COVID-19 and to reduce the risk of viral transmission to medical staff.
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Figure Legends
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Figure 1 Chest computerized tomography of two patients. A: Ground glass opacity located in the peripheral zone of the right lung; B: Multiple patchy fuzzy foci in inferior lobes of double lungs.
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[bookmark: OLE_LINK1612][bookmark: OLE_LINK1613][bookmark: OLE_LINK1458][bookmark: OLE_LINK1997][bookmark: OLE_LINK2340]Figure 2 Flow chart of treatment and management of emergency patients requiring surgical intervention during coronavirus disease 2019 epidemic period. The yellow color in the figure indicates that medical staff may be infected with coronavirus disease 2019 (COVID-19) when contact with the patient, so secondary or tertiary protection should be taken. The red color indicates that the patient has been diagnosed with COVID-19, and the risk of infection is high. Medical staff dealing with the patient must wear level-3 protective equipment. COVID-19: Coronavirus disease 2019; CT: Computed tomography.
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