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Abstract
Objectives This review provides an assessment of recent published or presented trends of perioperative healthcare of COVID-19 which is hitting the world, to provide refer for the frontline medical staff during the outbreak of epidemic, especially for surgeons and anesthesiologists. Methods Searching and reviewing recent published or presented articles about the COVID-19 from PubMed, COVID-19 center of ScienceDirect, Medline, JAMA, The LANCET, MedRxiv, some main Chinese journals and so on. Results The coronavirus disease 2019 has heightened infectious probability and has caused hundreds of thousands death. How to recognize, treat, and overcome this disease is a problem that all medical staff and all humans need to face. First, we should correctly identify suspicious and diagnosed patients and take protection levels according to the type of patients. Surgery and endoscopy are a serious issue during the epidemic, unless emergency condition. Once COVID-19 patients have to accept surgery, more detailed issues should be considered. Besides, special management methods should be implemented for special COVID-19 patients. Conclusion Safety for patients and healthcare providers is very important, we should do what we can do to cut off the spread of the virus in hospital and reduce the risk of infection.
1. Overview
After the outbreak of Coronavirus Disease 2019 (COVID-19) in Wuhan, China, it gradually spread to other parts of China. A total of 81,566 confirmed cases have been reported on March 22, 2020 in China(Date sources: National Health Commission of China), and it has caused more than 1.2 million reported cases in more than 200 countries or regions with 69,000 deaths worldwide as of April 51[]
. After more than three months of strict isolation, prevention and control measures, the domestic epidemic situation in China has gradually eased, and no new cases have been reported in many cities in China. However, the situation in many countries is very serious now.

World Health Organization(WHO) has declared the COVID-19 as a global pandemic
 ADDIN EN.CITE 
[2]
. Besides China, 20084188 confirmed cases have been reported globally on April 18, 2020 (Data sources: https://www.healthmap.org/covid-19/). There are 6 countries with more than 10,000 COVID-19 patients including the United States, Iran, Italy, Germany, Spain and France. The shortage of resources such as N95 masks, personal protective equipment and ventilators has greatly aggravated the transmission. Anesthesiologists and other perioperative healthcare providers suffer extremely high risks of infection from endotracheal intubation and extubation3[]
. How to effectively reduce infection among perioperative healthcare providers is an urgent issue. We summarize the perioperative management strategies during the COVID-19 epidemic and aim to provide guidance for perioperative healthcare provides worldwide to fight against COVID-19. 
2. Infection Control Protection Levels
Healthcare providers should assess every situation and decide the appropriate level of infection control protection. According to the latest infection prevention and control guideline 4[]
, patients can be divided into three categories depending on their COVID-19 status. Type I patients are regular patients with COVID-19 excluded; type II patients have COVID-19 excluded but still have fever or pulmonary changes on X rays; type III are patients who are under inspection or confirmed for COVID-19. Perioperative healthcare providers should take different levels of infection control measures for different types of patients. In general, perioperative providers should take level I precautions for type I patients, level II precautions for type II and level III protections for type III patients 3[]
. The protection levels are shown in Table 1.
3. Infection Control Precautions for Surgical Patients 
Patients should wear masks when transporting from the ward to the operating room. If the patient is suspected or confirmed for COVID-19, a large disposable plastic cover should be placed over the entire body during transport. After arriving at the operating room, patient should continue to wear mask if her or his procedure is not under general anesthesia. However, the literature does not specify the types of mask for different patients. We recommend wearing non-disposable medical masks for type I patients, disposable medical surgical masks for type II patients of type, and N95 masks for patients of type III.
3.1 Personal protective equipment (PPE)
Perioperative healthcare providers should master the correct PPE donning and doffing techniques, ensure adequate supply of PPEs, and avoid unnecessary occupational exposure to COVID-19 during the operation. When doffing PPEs, providers should remove them gently to avoid the generation of aerosols. Due to the increased risk of endotracheal intubation, the level of protection for personnel involved in intubation should be higher. We recommend level II protection for type I patients, level II or III protection for type II patients, level III protection for type III patients5[]
. The protection level for gastrointestinal endoscopy and bronchoscopy procedures should be at the same level as endotracheal intubation. 
3.2 Operating Room COVID-19 Readiness 
Operations for suspected and confirmed COVID-19 infection patients should be performed in negative pressure operating rooms, and a filter purification and negative pressure system should be turned on at least 30 minutes before the operation. If the operating rooms are designed without negative pressure, it is recommended to turn off the positive pressure or air conditioner before surgery. The operating room equipment and supplies should be organized, unnecessary items should be removed, and surfaces should be covered with aluminum foil or plastics. After the operation, medical waste and equipment should be managed according to the Regulation of Disinfection Technique in Healthcare Settings6[]
 and the Waste Management in Medical Institutions During Pneumonia Outbreak of New Coronavirus Infection7[]
. The disinfection of anesthesia machines should follow published guidelines 8[]
 or manufacturer instructions. 
4 Surgery consideration

During the epidemic, the risk of surgical infection increases. All emergency patients should strictly follow the emergency patient admission process, as shown in Figure 1.  
For emergency surgery, if COVID-19 is excluded, the patients can undergo normal surgical procedure; if COVID-19 is suspected or confirmed and the patients are on life-threatening or disabling condition, then start emergency surgery and the operation should be under strict protection, as shown in Figure 2.
For elective surgery, it is recommended not to undergo surgical treatment during the epidemic, but elective surgery can be performed after the epidemic is controlled. For patients with a limited period of surgery, the schedule of surgery can be delayed appropriately without affecting the control of the disease and the patients can receive other non-surgical treatment during this waiting-period9[, 10]
, as shown in Figure 3
5. Perioperative anesthesia management
5. 1 Preoperative evaluation
All patients should be examined by triage nurses and surgeons before surgery11[]
. If there is any suspicion, COVID-19 status should be confirmed first. Surgeons should inform anesthesiologists the COVID-19 type of patients before surgery if possible. Anesthesiologists should question patients about fever, cough, respiratory symptoms, travel history to an epidemic area, possible contact with COVID-19 patients and review chest computed tomography (CT) and laboratory results to catch missed COVID-19 diagnosis. Preoperative evaluating should be comprehensive to evaluate the severity of COVID-19, the duration of fasting, pulmonary functions, difficult airways, cardiac dysfunctions and hypovolemia. If there is severe hypovolemia or shock, volume should be replaced and appropriate vasoactive drugs should be started before surgery. 
5.2 Preparation for anesthesia and endotracheal intubation
Preoxygenation if of utmost importance to reduce significant desaturations in COVID-19 patients with marginal pulmonary status upon apnea after induction. Mask ventilation may cause aerosol generation and should be avoided if possible. If mask ventilation is inevitable, we recommend to cover the area around the patient's mouth and nose with a wet gauze or plastic films to prevent the spread of coronavirus. 
The induction medication doses should be appropriate to avoid circulatory inhibition and slow injection could reduce incidence of coughing and body movements. Most literatures suggest rapid sequence induction or modified rapid sequence induction
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[12, 13]
. Although there is no particular recommendation for sedatives, the choice of muscle relaxants is crucial13[]
. Rapid sequence dose of rocuronium or succinylcholine should be administered and intubation should be completed within 60s. Fentanyl or sufentanil should be given after satisfactory muscle relaxation is achieved.  
Video laryngoscope is recommended for all endotracheal intubations in suspected or confirmed COVID-19 patients 5[]
. The balloon of endotracheal tube should be inflated as soon as possible after intubation to avoid spread of viruses. The position and depth of tube should be confirmed by observing bilateral chest rise, end-tidal carbon dioxide, pulse oximetry due to the impracticality with auscultation from PPEs. Repeated tracheal intubation should be avoided and laryngeal mask airways should be attempted if needed 5[]
.
5.3 Postoperative management
We recommend to suction the oropharyngeal areas under deep anesthesia with a closed suction system, and extubate before the patient is fully awake. COVID-19 negative patients can be sent to PACU and the distance between two beds should be at least one meter, while suspected and confirmed patients should be recovered in the operating room and returned to isolation ward directly 4[]
.
6. Considerations outside the operating room
6.1 Endotracheal intubations on the floor

Anesthesiologists will be called upon for endotracheal intubations outside the operating room. All level 3 protection PPEs should be worn correctly before entering patient rooms. Other considerations are similar for intubations in the operating rooms. Currently, COVID-19 patients undergoing endotracheal intubation account for about 3.2% of all COVID-19 cases diagnosed in mainland China12[]
. High-flow nasal cannula oxygen therapy or non-invasive ventilation is recommended for critically ill patients when standard oxygen therapy cannot relieve their respiratory distress or hypoxemia. The criteria of endotracheal intubation5[]
 are: respiratory distress, respiratory rate> 30 breaths / min, Pao2 to Fio2 ratio <150 mmHg, or worsening symptoms. Unfortunately, 86% of intubated COVID-19 patients died and a more liberal criteria was proposed: Spo2 <93% on room air and Pao2 to Fio2 ratio < 300 mmHg 12[]
.
6.2 Endoscopy suite considerations

Elective endoscopy and bronchoscopy procedures should be postponed. Emergent endoscopy and bronchoscopy should be carefully evaluated by proceduralists and anesthesiologists. Strict compliance with COVID-19 PPE standards, disinfection and isolation must be followed due the aerosol generating nature of endoscopies 14[]
,
 ADDIN EN.CITE 
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.
According to the Expert consensus for bronchoscopy during the epidemic of 2019 Novel Coronavirus infection (Trial version) 
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，For patients without history of contact or pulmonary symptoms, healthcare providers should take level II protection; for suspected and confirmed COVID-19 patients, healthcare providers should take level III protection. Low-risk- suspected patients with only relevant epidemiological history but without relevant symptoms and clinical evidence should be quarantined for 2 weeks before bronchoscopy. Monitored anesthesia care with or without sedation is recommended for bronchoscopy. It is recommended to perform bronchoscopy in a negative pressure room if possible. 
7. Cardiac imaging considerations
Besides lung injury, myocardial injury and cardiac dysfunction is also common in patients with COVID-19. During the COVID-19 pandemic, we need to choose a safer method to do cardiac imaging. TEEs carry a higher risk of spread of the COVID-19 since they may cause aerosolization of virus, so it should be delayed or canceled if an alternative cardiac imaging (e.g. contrast enhanced computed tomography (CT) , ultrasound enhancing agent with TTE) can provide the useful information.16[]
The American Society of Echocardiography consider the rapid, bedside assessment of the heart, chest, and vessels by point-of-care ultrasound (POCUS) has be proven to be favorable and it may replace heart and lung auscultation17[]
. And Chinese experts consider rapid bedside echocardiography is the prioritized imaging technique for diagnosis of myocarditis for patients with COVID-1918[]
.
8. Pediatric COVID-19 Considerations 
For the COVID-19 suspected and confirmed children, the level of protection for healthcare providers should be the same as that of adults. However, her or his family members may also be infected because the proximity with the children. Children and family members should wear masks throughout the hospitalization. Children are afraid of needles,  tests and operations and crying may causes viral aerosol transmission.  P.O. midazolam before the child enters the operating room might reduce the anxiety and transmission risks 19[]
.
9. Geriatric COVID-19 Considerations 
Geriatric COVID-19 patients often already have multiple comorbidities, including pulmonary, cardiac, renal and other organ dysfunctions. Protective lung ventilation strategy, optimizing myocardial oxygen balance and judicious use of medications are necessary to avoid cardiac collapse. Regional anesthesia might be considered if indicated 20[]
.
10. Pregnancy COVID-19 considerations     
Among 105 suspected or confirmed COVID19 patients in Wuhan who underwent emergency surgery, 90 (85.7%) were cesarean section 12[]
. Although a single chest CT or X-ray can be safely performed in pregnant women 21[]
, many pregnant women might refuse such diagnostic modalities. This makes the clinical diagnosis of COVID-19 during pregnancy is difficult. If the pregnant woman has coughing and fever, anesthesiologists should at least take level II protection even if the throat swab is negative. For confirmed COVID-19 pregnant women who are mechanically ventilated or are critically ill needing respiratory support, endotracheal intubation and general anesthesia should be used for cesarean section. 
For non-severe confirmed COVID-19 pregnant women without contraindications, neuraxial blocks by an experienced anesthesiologist is recommended for cesarean sections. A study22[]
 reported that from January 24, 2020 to February 9, 2020, 36 patients underwent emergency cesarean section in a hospital in Wuhan. Thirty-one patients underwent combined spinal and epidural anesthesia and 6 cases were carried out under general anesthesia with endotracheal intubation. The Society for Obstetric Anesthesia and Perinatology also considers COVID-19 diagnosis itself not a contraindication for neuraxial anesthesia. 23[]
A throat swab or a chest CT scan should be performed after the operation to test for COVID-19 if not done before surgery. Although there is no evidence of vertical transmission from mother to child, there might be other routes of infection to the infant 24[]
. Early contact between the mother and infant should be avoided and breastfeeding is discouraged. Infants should be isolated immediately after birth and observed for signs and symptoms for at least 14 days. If condition permits, COVID-19 viral nucleic acid detection should be performed.
11. Critically ill COVID-19 patients   
Critically ill patients might require central venous line and arterial lines. If the patient is a suspected or confirmed for COVID-19, the anesthesiologist should take level III protection25[]
. If portable ultrasound is used, disinfection of the ultrasound machine and probe should be performed 26[]
, as shown in Figure 4.
12. Mental health of perioperative healthcare providers
It is easy to generate fear, anxiety, and emotional distress with COVID-19 pandemic. Providing adequate training on correct PPE usage and necessary precautions will increase providers’ understanding of the disease and avoid anxiety. We recommend easy access to psychiatrists for perioperative healthcare providers to manage their psychological concerns. 
Conclusion
In summary, the pandemic of COVID-19 has created many challenges and hazards for perioperative healthcare providers. Meticulous attentions to PPEs, airway control, and patient specific characteristics are necessary to ensure safety for patients and providers. 
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	Table1 Scaled Protection for Healthcare Workers amid the COVID-19 Epidemic

	PPEs
	Routine
	Level I
	Level II
	Level III

	Standard Prevention&
	+
	+
	+
	+

	Hand hygiene
	+
	+
	+
	+

	Scrubs
	+
	+
	+
	+

	Isolation Gown (Disposable impermeable surgical gown）
	-
	+
	+* or
	+

	Protective Clothing
	-
	-
	+* 
	+

	Medical Surgical Mask
	+
	+
	+
	+（N95 Mask）

	Disposable Hat
	-
	+
	+
	+

	Gloves
	-
	±
	+
	+

	Shoe Covers
	-
	-
	+
	+

	Goggle
	-
	-
	+# or
	+

	Protective mask
	-
	-
	+#
	+

	Powered air-purifying respirator（PAPR），or Comprehensive

Breathe Protector
	-
	-
	-
	+


* Either Isolation Gown or Protective Clothing

 # Either Goggle or Protective Mask

& Standard prevention: Body fluids, blood, secretions and excreta of all patients should be considered to be infectious and must be isolated.

+ recommend -not recommend
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Fig 1. Emergency room admission process
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Fig 2. Emergent surgery patients triage process
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Fig 3. Flow Chart of Prevention and Control of COVID-19 for Perioperative Healthcare Providers
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Fig 4. Disinfection of the ultrasound instrument

