PREVENTING NOSOCOMIAL TRANSMISSION DURING TRACHEOSTOMY FOR COVID-19 PNEUMONIA IN ICU: LESSONS LEARNED FROM AN ITALIAN “HOT SPOT”

Running title: Safe tracheostomy in Covid-19 pneumonia


Objective: Surgical/anesthetic management of patients undergoing surgical tracheostomy for Covid-19 pneumonia aiming at minimizing the risk of health care workers (HCWs) infection.

Design, Setting and Paticipants: Twenty-three Caucasian patients, mean age 67 years, with long-term orotracheal intubation for severe acute respiratory syndrome Covid-19 pneumonia were submitted to surgical tracheostomy, between February 3rd and March 22nd 2020, according to our specific procedure.

Main outcomes and Measures: Air exposure time (AET) and frequency of infection in HCWs.

Results: No complication, in terms of bleeding or tracheostomy cannula displacement, was observed. No HCWs involved in the procedures contracted Covid-19.

Conclusions: The tracheostomy technique we describe minimizes the risk of surgeon’s exposure to patient’s aerosol drops/expired air and the possibility of HCWs infection during the procedure carried out in patients with Covid-19 pneumonia. The details and advantages of our approach with respect to “standard” tracheotomy and percutaneous procedures are discussed.
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[bookmark: _GoBack]INTRODUCTION 
A new coronavirus, 2019-nCoV, has emerged as the cause of an unusual cluster of viral pneumonia cases in China. [1,2] The situation has rapidly evolved into a global health emergency as declared by the World Health Organization (WHO). [3] This single-strand, positive-sense RNA virus has been fully sequenced, and appears to be distinct from but related to other coronaviruses causing Severe Acute Respiratory Syndrome (SARS-CoV) and Middle East Respiratory Syndrome (MERS-CoV). [2,4] Mechanisms of transmission are believed to include contact, droplet, and possibly airborne under certain circumstances based on historical experiences related to SARS-CoV outbreaks. [5-9] The case fatality rate is estimated to be approximately 2% based on latest reported data, [10]less than SARS-CoV (approximately 10%) [11]and MERS-CoV (approximately 40%) [12]but significantly higher than the 2009 pH1N1 (0.026%). [13] 
According to the WHO, by April 9th,, over 1,439,516 confirmed cases have been reported worldwide in 185 countries across multiple continents. Italy has 136,110 confirmed cases according to Istituto Superiore di Sanità (National Health Office) as of April 9th, and 16,654 deaths. The mean age of those who died in Italy was 78 years, with more than two-thirds suffering from diabetes and/or cardiovascular diseases and/or cancer (or were former smokers). 
The high rate of hospital and intensive care unit (ICU) admission for the management of respiratory failure has provoked a serious congestion across hospitals and extreme measures have been taken to avoid a health-service collapse. Sedated ICU patients who need prolonged intubation, often require a safer management of the airway including tracheostomy. [14]
Heath care workers (HCWs) are at constant occupational risk for infectious diseases, despite existing safety protocols. [14,15] After severe acute respiratory syndrome (SARS) outbreak in 2003, many frontline HCWs had a significantly increased risk of contracting the infection that resulted in severe illness and death. Furthermore, HCWs’ are considered one of the most common means of virus diffusion among the general population. [16] According to the WHO, during SARS infection in 2003, 1,706 HCWs were infected worldwide. [17] Up to April 9th, 14,086 Covid-19 infected HCWs (with 133 deaths) have been reported in Italy. Procedures that are believed to generate aerosols and droplets as a source of respiratory pathogens include positive pressure ventilation (BiPAP and CPAP), endotracheal intubation, airway suction, high frequency oscillatory ventilation, tracheostomy, chest physiotherapy, nebulizer treatment, sputum induction, and bronchoscopy [18-23]. In particular, Tran et al. reported tracheotomy/tracheostomy is one of the most risky procedures for transmission of SARS infection to HCWs [23] because of droplets exposure during the direct access to the airways. 
[bookmark: tw-target-text]Even though the Anesthesiology Societies of several counties (such as South Korea and Canada) have published guidelines on airway management and personal protective equipment (PPE) wearing to reduce the risk of HCWs contamination, no English publication has focused on the prevention of professionists’ infection during tracheostomy in Covid-19 pneumonia, except for the ENT UK guidance available from March 19rd [24]. In our paper, we report the lessons we learned from our experience on the surgical and anesthetic management of Covid-19 patients undergoing surgical tracheostomy. Even though “usual” tracheotomy is a standardized procedure, we discuss the practical details and advantages of our approach with respect to previously reported techniques and percutaneous procedures in the attempt to minimize the risk of HCWs’ Covid-19 contamination. 










MATERIALS AND METHODS
Patients
Twenty-three Caucasian patients (20M, 3F), mean age 67 years (age range: 47-74), with long-term (mean: 21.54+/-2.11 days) orotracheal intubation for sever acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pneumonia, were submitted to surgical tracheostomy at [Blinded for review] Hospital – AORMN, between February 3rd and March 22nd 2020. Mean body mass index (BMI) was 30.09+/-3.96. Among those subjects, 20 (87%) were treated for mild to moderate blood hypertension, 16 (69%) for type 2 diabetes mellitus, and 4 (17%) for chronic atrial fibrillation. Six (26%) patients had a previous hystory of chronic obstructive pulmonary disease (COPD) and 4 (17%) of ischemic stroke. 

Tracheostomy procedure
Elective tracheostomy is performed in an operating room (OR) inside the ICU with negative pressure. Tracheostomy team includes three surgeons, one intensive care specialist and two xnursing staff members. 
Protective equipment for elective tracheostomy includes waterproof cap, goggles with an anti-mist screen, FFP3 (Europe) or N99 (US) mask, transparent plastic full-face shield worn outside goggles and mask, disposable waterproof surgical apron, three surgical gloves, and plastic shoe covers. Once dressing is completed, full “buddy check” is carried out to prevent incomplete or incorrect covering.
A tracheostomy set of instruments is required. Patient’s complete paralysis is necessary to avoid coughing or any other movement. The endotracheal tube is pushed forward along the tracheal lumen until its hyperinflated cuff is placed just above the carina.

The procedure for elective tracheostomy is performed as follows:
1. After skin and subcutaneous tissue incision, the strap muscles of the two sides are separated along linea alba cervicalis and the infra-isthmic trachea is exposed (infra-isthmic tracheostomy). The whole procedure is performed with monopolar cautery to minimize bleeding and speed up the procedure.
2. Once the anterior tracheal wall is exposed, adeguate preoxygenation is carried out (100% oxygen for 3 minutes).
3. Stop mechanical ventilation 30 seconds before the tracheal anterior wall is opened (pre-tracheotomy apnea). During this phase the surgeon selects the size of the tracheostomy cannula basing on the tracheal size. The cannula (with its non-fenestrated inner tube already inserted) is connected with a Halyard closed suction system® (which will be later attached to the ventilator, see step 6) before cannula insertion into the trachea (Figure 1).
4. A low tracheostomy is performed with the creation of Björk flap, sutured to the overlying skin by two single stitches in Vicryl 2/0 (Johnson & Johnson Intl., Brussels, Belgium). During this step, the cuff of the endotracheal tube remains hyperinflated just between the carina and the tracheotomy site.
5. The cuff of the endotracheal tube is deflated and the tube is retracted (pulled backwards), without extubating the patient, until its bottom side passes the tracheal window. No tracheal or wound suctioning is attempted to avoid aerosol generation of blood or secretions.
6. As soon as the endotracheal tube is lifted, the first surgeon immediately inserts the tracheostomy cannula (already connected to Halyard system®) into the tracheal lumen and the second surgeon inflates its cuff at the appropriate pressure level. In the meantime, the intensive care specialist connects the closed suction system to the ventilator. Tracheostomy cannula should be considered correctly positioned until CO2 value is displayed, avoiding stethoscope contamination by thoracic auscultation. Only at this point the endotracheal tube is completely removed together with the sterile drape covering the face and the tracheostomy cannula is secured to the neck with sutures and staples.
If aspiration of tracheal secretions is needed, the closed suction device of Halyard system® is used.
After the operation, the patient is reconnected to the portable monitor and ventilator.  Once his/her condition is stable, the patient is transferred back to the ICU by a separate transport team. The OR is decontaminated and disinfected. The operating team move to a separate area to remove their PPE without contaminating themselves.




RESULTS
All 23 procedures were completed successfully. The mean surgical duration was 12 minutes (range: 10-16 minutes). 
We also measured the time interval between deflation of the endotracheal tube cuff and connection of the cuffed tracheostomy cannula-Halyard closed suction system® to the ventilator. Such interval (HCWs’ “air exposure time”, AET) is the time in which the patient’s lower airways are not totally “excluded” (not connected to the ventilator system) from the external environment, and therefore infected aerosol drops/infected air coming from the bronchi/lungs can infect the HCWs. In our case series, mean AET was 5.5+1.5 seconds (range: 4-9 seconds), significantly (p<0.001) inferior to AET for percutaneous tracheotomy procedures ICU staff performed on non-Covid 19 patients (21.8+5.7 seconds). Nocomplication, in terms of bleeding or tracheostomy cannula displacement, wasobserved. No HCW involved in the procedures showed 2019-nCoV positivity on standard testing. 













DISCUSSION
The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2 or Covid-19) has already taken on pandemic proportions, affecting over 185 countries. With more than 100,000 newly infected patients within few weeks, Italy is one of most involved countries in the world. Since 9% to 11% of patients require respiratory intensive care, we assisted to a significant increase in the number of subjects treated with oro-tracheal intubation (OTI) in ICUs. The long-term and unpredictable prognosis of these patients has also led to a significant amount of tracheotomy/tracheostomy procedures carried out to prevent the possible complications of long-term OTI and favor breathing support and recovery. As already reported by Tran et al. in 2012 for SARS, tracheotomy/tracheostomy is one of the most risky procedures for infection transmission to HCWs, likely because of aerosol generation after trachea opening. [23] Basing on our experience in a Covid-19 “hot spot” (Marche Region has, by April 9th,, over 4,955 confirmed cases with 669 dead and an infection ratio of 1:176), we tried to standardize the tracheostomy technique to minimize HCWs’ contact with aerosol drops and expired air from infected patients. Our experience confirms the importance for HCWs to follow appropriate dressing procedures and adequate “clean” and “contaminated” pathways to minimize the infection risk. FFP3 (Europe) or N99 (US) masks should be preferred than any other option. In case of FFP3 mask shortage, FFP2 or N95 masks can be used, covered by surgical mask. Tracheostomy team, settled in order to avoid infection exposure by rotating shift, should be made up of expert surgeons that would guarantee fast and effective tracheostomy comparing to less experienced surgeons or residents. [22-26] Having an OR inside the ICU with negative pressure may help reduce the risk of contamination. 
As to surgical procedures, differently from Wei et al., we prefer keeping the hyperinflated cuff of the endotracheal tube right above the carina (without retracting the tube before opening the anterior tracheal wall) until tracheostomy cannula has to be inserted into the tracheal lumen. With this approach, the surgeon can incise the tracheal wall and create Bjork flap without any risk of cuff lesion, which allows the tracheotomy site to be totally “excluded” from the patient’s bronchi and lungs. This procedure erases the risk of surgeon’s exposure to the patient’s aerosol drops/expired air during this step, differently from the surgical tracheotomy technique reported other authors [23] and percutaneous tracheotomy (PcT). [25-30] It also contributes, together with pre-tracheotomy connection of the cannula to Halyard closed suction system®, to minimize AET. 
Differently from other authors [24-26], who suggest pushing the endotracheal tube as caudally as possible right before tracheal opening (intraoperatively), we prefer to advance the endotracheal tube preoperatively, since tube-advancement manoeuvrer requires a cuff deflation-reinflation step, during which patient’s bronchi/lungs are not totally “excluded” from his/her upper airways, with a consequent potential intraoperative risk for contaminated expired air/aerosol drops to infect HCWs (intensive care specialist and anaesthetist assistant nurse in particular). 
The use of a closed system (connected to the tracheostomy cannula) for immediate aspiration of tracheal/bronchi secretions after endotracheal tube retraction further contributes to reduce the risk of HCWs’ intraoperative contamination. 
In addition, the simple creation of Bjork flap has a protective function by separating the mediastinum from the tracheostomy site and makes tracheostomy cannula substitution easy and fast, which can further minimize the risk of HCWs’ contamination also during patient’s respiratory recovery during the postoperative period.
In conclusion, keeping the patient paralyzed and pre-tracheotomy apnea can also prevent the expired infected air to come out under pressure from the lungs through the tracheostomy site after deflation of the endotracheal tube cuff (“champagne effect”) with a consequent reduction of HCWs’ risk of contamination. 
Our results (no case of HCW infection) confirm the reliability and safety of our technique. Even though no scientific studies are available to compare HCWs’ infection rate in surgical tracheostomy and PcT, our procedure displays a significant reduction of AET in comparison to PcT, which seems reasonably associated with a lower risk of HCWs contamination with surgical tracheostomy than  PcT. Furthermore, the surgical approach is safer than PcT in case of patients with increased BMI and neck circumference like most of our Covid-19 patients. [31]
Considering Covid-19 exponential diffusion worldwide and the importance of HCWs’ infection for healthcare service sustainability in a period of great pressure on the world health system, we hope further studies will be carried out to test the long-term efficacy and safety of tracheostomy procedures and related devices for the prevention of Covid-19 infection for HCWs.





REFERENCES
1. Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, China, of novel coronavirus–infected pneumonia. N EnglJ Med 2020; 382(13):1199-1207
2. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with pneumonia in China, 2019. N Engl J Med 2020; 382(8):727-733.
3. World Health Organization (WHO). Coronavirus disease (COVID-19) Pandemic. http://www.who.int/emergencies/diseases/novel-coronavirus-2019. Published 2020.
4. Lu R, Zhao X, Li J, et al. Genomic characterisation and epidemiology of 2019 novel coronavirus: implications for virus origins and receptor binding. Lancet 2020; 395(10224):565-574.
5. Yu IT, Li Y, Wong TW, et al. Evidence of airborne transmission of the severe acute respiratory syndrome virus. N Engl J Med 2004;350: 1731-9.
6. Scales DC, Green K, Chan AK, et al. Illness in intensive care staff after brief exposure to severe acute respiratory syndrome. Emerg Infect Dis 2003; 9: 1205-10.
7. Muller MP, McGeer A. Febrile respiratory illness in the intensive care unit setting: an infection control perspective. Curr Opin Crit Care 2006; 12: 37-42.
8. Fowler RA, Lapinsky SE, Hallett D, et al. Critically ill patients with severe acute respiratory syndrome. JAMA 2003; 290: 367- 73.
9. Christian MD, Loutfy M, McDonald LC, et al. Possible SARS coronavirus transmission during cardiopulmonary resuscitation. Emerg Infect Dis 2004; 10: 287-93.
10. World Health Organization. Novel Coronavirus (2019-nCoV). WHO Bull 2020 - Data as reported by January 30, 2020. Available from URL: https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200130-sitrep-10-ncov.pdf sfvrsn=d0b2e480_2 (accessed February 2020).
11. Christian MD, Poutanen SM, Loutfy MR, et al. Severe acute respiratory syndrome. Clin Infect Dis 2004; 38:1420-7.
12. Majumder MS, Rivers C, Lofgren E, et al. Estimation of MERS-coronavirus reproductive number and case fatality rate for the Spring 2014 Saudi Arabia outbreak: insights from publicly available data. PLoS Curr 2014. Available from URL: http:// currents.plos.org/outbreaks/index.html%3Fp=40801.html (accessed February 2020).
13. Donaldson LJ, Rutter PD, Ellis BM, et al. Mortality from pandemic A/H1N1 2009 influenza in England: public health surveillance study. BMJ 2010; 10;339:b5213.
14. Wax RS, Christian MD. Practical recommendations for critical care and anesthesiology teams caring for novel coronavirus (2019-nCoV) patients. J Can Anesth 2020; doi: 10.1007/s12630-020-01591-x.
15. Weber DJ, Rutala WA, Schaffner W. Lessons learned: protection of healthcare workers from infectious disease risks. Crit Care Med 2010; 38: S306–S314.
16. Hui DSC, Chan PKS. Severe acute respiratory syndrome and coronavirus. Infect Dis Clin North Am 2010; 24: 619–638.
17. World Health Organization (WHO) (2003). Summary of probable SARS cases with onset of illness from November 2002 to 31 July 2003. Available at: https://www.who.int/csr/sars/country/table2004_04_21/en/
18. Davies A, Thomson G, Walker J, et al. A review of the risks and disease transmission associated with aerosol generating medical procedures. Journal of Infection Prevention 2009; 10: 122–126.
19. Gamage B, Moore D, Copes R, Yassi A, Bryce E, et al. Protecting health care workers from SARS and other respiratory pathogens: a review of the infection control literature. Am J Infect Control 2005; 33: 114–121.
20. British Thoracic Society, British Infection Society, Health Protection Agency (2004) British Thoracic Society Hospital Management of adults with severe acute respiratory syndrome (SARS) if SARS re-emerges – updated. London: British Thoracic Society. Available: http://www.brit-thoracic.org.uk/Portals/ 0/Clinical%20Information/Severe%20Acute%20Resp%20Syndrome/ Guidelines/sars0304.pdf Accessed 2010 Nov 18.
21. World Health Organization (WHO) (2008) Epidemic and pandemic-prone acute respiratory diseases – Infection prevention and control in health care: Aide memoire. Geneva:WHO. Available at:http://www.who.int/csr/resources/publications/aidememoireepidemicpandemid/en/index.html Accessed 2010 Nov 18.
22. Centers for Disease Control and Prevention (2005) Public health guidance for community-level preparedness and response to severe acute respiratory syndrome (SARS). Supplement I: infection control in healthcare, home, and community settings. Atlanta (GA): CDC. Available: http://www.cdc.gov/ ncidod/sars/guidance/I/index.htm Accessed 2010 Nov 18.
23. Tran K, Cimon K, Severn M, et al. Aerosol generating procedures and risk of trasmission of acute respiratory infections to healthcare workers: a systematic review. PLos ONE 2012; 7(4): e35797. 
24. Harrison L, Winter S. Guidance for surgical tracheostomy and tracheostomy tube change during the covid-19 pandemic. Available: http://www.entuk.org/tracheostomy-guidance-during-covid-19-pandemic (accessed March 2020). 
25. Canadian Society of Otolaryngology - Head and Neck Surgery. Recommendations from the CSO-HNS Taskforce on performance of tracheotomy during the COVID-19 pandemic; 2020. 
26. Kim HJ, Ko JS, Kim TY; Scientific Committee on Korean Society of Anesthesiologists. Recommendations for Anesthesia in Patients Suspected of Coronavirus 2019-nCoV Infection. Korean J Anesthesiol 2020; doi:10.4097/kja.20110.
27. Wei WI,Tuen HH, Ng RW, et al. Safe tracheostomy for patients with severe acute respiratory syndrome. Laryngoscope 2003; 113(10):1777-9.
28. Divisi D, Stati G, De Vico A, et al. Is percutaneous tracheostomy the best method in the management of patients with prolonged mechanical ventilation?Respir Med Case Rep. 2015 Aug 1;16:69-70. 
29. Carrer S, Basilico S, Rossi S, et al. Outcomes of percutaneous tracheostomy.Minerva Anestesiol. 2009 Nov;75(11):607-15.
30. Pilarczyk K, Haake N, Dudasova M, et al. Risk factors for bleeding complications after percutaneous dilatational tracheostomy: a ten-year institutional analysis.Anaesth Intensive Care. 2016 Mar;44(2):227-36.
31. Byrd JK, Ranasinghe VJ, Day KE, et al. Predictors of clinical outcome after tracheotomy in critically ill obese patients.Laryngoscope. 2014 May;124(5):1118-22. 

LEGENDS
Figure 1
Halyard closed suction system© (Registered Trademark or Trademark of Halyard Health, Inc. or its affiliates. Copyright 2016 HYH) connected with the tracheostomy cannula.





