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[bookmark: _GoBack]Providing lung cancer surgery during the COVID-19 crisis presents many challenges. Cancer services must minimize exposure to health care workers and manage the higher risks associated with surgery during the pandemic, while also contending with reduced elective operating and intensive care capacity (1). 

COVID-19 has proved to be highly infectious and has infected more people in a shorter time period than other coronavirus outbreaks (SARS-CoV and MERS-CoV) (2). The lungs are the primary organ affected by COVID-19, and transmission is caused by respiratory droplets, airborne transmission, and direct contact, making lung cancer surgery high risk for healthcare worker infection (2). 

Guidelines from the British Thoracic Society advise consideration of stereotactic ablative radiotherapy (SABR) in patients with tumors under 2 cm and prioritizing surgical management for patients with higher stage cancers which are likely to become unresectable if treatment is delayed (3). The advice from NHS England is clear and states that essential and urgent cancer treatments must continue (4). 

As well as the surgical risk of infection to health care workers, there is also the risk of aerosolization of the virus from a chest drain with an air leak. Anecdotal reports from other thoracic units suggest that this is a problem, with reports of entire wards being infected after a postoperative patient was found to have COVID-19. The authors are unaware of any specific guidance on chest drain management during the COVID-19 pandemic. Under normal working conditions, NICE recommends the use of Thopaz drains following lung resection. However, after contacting the manufacturer, these drains do not have a viral filter (5). Extrapolating advice from NHS England on ventilator circuits which should be protected by a high efficiency filter such as a heat and moisture exchange (HME) filters, the authors have developed a method of providing chest drainage with a viral filter (6). The authors have previously described the idea of the attachment of viral filters to Rocket bottles (7). In this article, the authors aim to improve it further and update on some of the pitfalls with this new set-up. 

The set-up is simple and uses equipment that is easily available (Rocket bottle with tubing and a Therm 3 HME filter or alternatively a high efficiency heat filter (Figure 1)). In addition to the suction port, the Rocket bottle has additional safety holes that provide a mechanism for air to escape should the suction become blocked (Figure 1D). If the Rocket bottle is to be used with a viral filter, then these must be covered to prevent the virus being aerosolized through this lower resistance mechanism. This can be done easily with stickers which are provided with the bottle. However, covering these holes puts the patient at risk of developing a tension pneumothorax should the viral filter block or if attached incorrectly. 
Checking the viral filter must be part of standard nursing checks for all patients with chest drains. The air leak is monitored and any sudden changes in air leak mandate a medical review. The authors have tested the resistance to flow of the HME filter on a ventilator up to a flow rate of 30 L/min, and even at this flow rate resistance is trivial. This has correlated with their clinical experience that the presence of a filter does not impede the air flow out of the chest in patients with air leaks as demonstrated by the chest radiograph showing no pneumothorax. Filters are changed daily as per manufacturer recommendation or sooner if there is any gross contamination. This is done wearing full personal protective equipment (PPE). Additionally, PPE is worn for changing Rocket bottles and for chest drain removal. The same filter system can also be applied to a Portex bag (Figure 1E), which aims to facilitate mobilization on the ward. 

In addition to this chest drain management, the authors developed a number of ways of minimizing the risk of COVID- 19 transmission. Patients are admitted on the morning of surgery and immediately taken for a low dose computerized tomography (CT) scan of the chest as per guidelines from the Royal College of Surgeons (8). Chinese studies have shown that chest CT has sensitivity as high as 97% for COVID-19 detection (9). Even in asymptomatic patients with COVID- 19, CT abnormalities were found in 95% of cases (10). The authors aim to start taking viral swabs two days prior to surgery in addition to the CT scan in keeping with Royal College of Surgeons recommendations (11). Providing the CT scan is negative for COVID-19 changes, then the operation is performed with all theatre staff wearing full PPE. Every effort is made to minimize air leaks, intra-operatively lung tissue is stapled and air leaks assessed at the end of the case with underwater testing and repaired where possible. The chest drain is connected at the end of the procedure and the air leak is assessed, the viral filter is placed, and the safety holes are covered. 

This multifaceted strategy allows the authors to continue to provide thoracic surgery during the COVID-19 crisis and minimize risks to patients and staff. Future work would be to ascertain the viral load in chest drains of COVID-19 patients who require chest drainage. This method serves as an interim method of lowering the risk of viral exposure to the other patients and staff in hospitals. 
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Figure A-C: detail the set up of the HME filter for attachment to the Rocket chest drain bottle
using Rocket tubing. Rocket tubing is cut (A), the male ending is reversed (B) and attached to
the heat and moisture exchange (HME) filter and a small amount of Rocket drain tubing (C).
Figure D: the HME filter and Rocket tubing from figure C is connected to the suction port of
the Rocket bottle (red arrow), the white arrow shows the sticker covering the safety holes.
Figure E: shows the HME filter and Rocket tubing attached to the air escape of the Portex bag
(yellow arrow).





