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Preparation of operating room for COVID-19 suspects at a tertiary care teaching hospital in New Delhi, India
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Abstract

The continuous rise in the number of cases of COVID-19, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), generated an urgent need to transform the facilities of our existing operating rooms (OR) to cater for emergency surgeries for patients with suspected COVID-19. The aim was to minimise the spread of infection and to achieve the lowest risk for patients and staff while caring for COVID-19 suspects undergoing surgery. We devised a protocol in our hospital to prepare OR for patients suspected to be suffering from COVID-19 but in whom the surgical intervention could not be deferred until the result of the COVID-19 test was obtained. The key consideration was that we cater to suspected and confirmed COVID-19 patients who required emergency surgery while adhering to strict infection control measures. The study was undertaken as a pilot exercise in consultation with treating surgeons, hospital infection control committee members, hospital administrators, and engineers, along with a literature review, to transform the design and functioning of existing facilities to prepare for emergency surgeries of COVID-19 suspects at the beginning of the pandemic. While this required significant planning on paper and onsite by members of the OR staff, hospital infection control committee, administration, and engineers, the creation of a safe operating environment was possible within a 48-h period with minimal structural alterations.
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The World Health Organization (WHO) declared COVID-19, the disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a global pandemic on 30 January 2020 (1). On the same date, India reported its first case of COVID-19, and from then onwards, case numbers were on a continuous rise. From 25 March 2020, the whole country was placed under a complete lockdown with healthcare services rendered on a reduced scale. The COVID-19 pandemic underlines the importance of meticulous planning of our existing facilities to ensure judicious use of financial and human resources. It is important that we cater to suspected and confirmed COVID-19 patients who require emergency surgery while adhering to strict infection control measures. To minimise the spread of infection and to achieve the lowest risk for patients and staff while caring for COVID-19 suspects undergoing surgery, we devised a protocol in our hospital to prepare operating rooms (ORs) for patients suspected to be suffering from COVID-19 but in whom the surgical intervention could not be deferred until the result of the COVID-19 test was obtained.

Location of OR

Our ORs are located on the 8th and top floor of the main hospital building of a tertiary care teaching hospital in an urban area of New Delhi, India, with a bed capacity of 2,486 beds. The ORs of the main hospital building cater for approximately 17,000 surgeries per year. All ORs are in one row with a clean external corridor, a row of changing rooms, and an internal corridor followed by the row of ORs (Fig. 1). There are gates for entry into the central corridor at each end and in the centre. Elevators are available at both ends and at the centre of the corridor to connect to the rest of the hospital. A single air handling unit (AHU) caters to three consecutive ORs within the block.

Fig. 1. Flow of COVID suspect patients in the OR complex. Green arrow represents movement of the patient into the OR area. Red arrow represents movement of the patient out of the OR. (OT=operating room)
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Selection of OR

It was decided to convert one of the blocks of the existing ORs between the central and terminal exits into the COVID suspect wing. This block includes six ORs with two sets of three ORs having their own AHUs. The criteria for the selection of ORs were based on the following: (1) possibility of segregating access through an elevator earmarked for these patients; (2) minimal transport and movement inside the OR; (3) ease of handing/taking over of patient; and (4) possibility of isolating the heating, ventilation, and air conditioning unit (HVAC). Within this block, the three terminal-end ORs have an HVAC, and it was possible to create a negative pressure environment. It was decided that these would serve as the functional ORs, while the three centrally located ORs would be designated for donning, doffing, and entry of healthcare workers (HCWs). The elevators at the terminal end would serve to bring in the patient, and patient entry would be through that end, diametrically opposite the entry of HCWs.

Patient transport

We defined a dedicated route for the vertical transport of COVID-19 suspected patients to the OR, keeping it as short as possible and away from other patients and people in general within the hospital to minimise the risk of infection. One elevator at the terminal end, adjacent to entry into the OR, was designated as the COVID-19 lift. It was reprogrammed to halt only at designated places and served to transport patients admitted from emergency into the designated wards on the 3rd and 6th floors, and to the OR and back to the admission wards (Fig. 1).

Preparation of equipment

Equipment stored in the inner corridor was cleared to enable cleaning and infection control. Equipment kept inside the ORs was minimised to the expected requirements for emergency surgeries. Extra equipment was kept in the clean areas but could be brought in if required. Standard anaesthesia trolleys were replaced with dedicated pre-prepared ones with minimal but adequate stock. All surgical instruments for the planned surgery were pre-emptively prepared and brought into the OR prior to wheeling in the patient. We emphasised the use of disposable material wherever possible. Equipment for delivery including a baby warmer was kept in the designated area.

Team movement

The minimum number of operating team members essential for a given surgery would be donned. During surgery, the minimum movement of staff in and out of the OR was ensured to reduce the risk of infection. The flow of movement of the operating team was piloted and finalised through a dry run, in consultation with members of the Hospital Infection Control Committee (HICC). At any point in time, only one suspect OR would be functional, meaning that the scrubbed operating team was either inside the OR or leaving the OR for doffing, thus minimising the possibility of an encounter of a scrubbed team member with one going for doffing. The key considerations in the planning were (a) entry of OR team through one end and entry of patient (wheeling in) from the opposite end, (b) minimum travel distance between the doffing room and the changing room, and (c) no back movement of anyone behind the doffing area (Fig. 2).

Fig. 2. Flow of OT staff in the OR complex. Green arrow represents movement of the staff into the OR area. Red arrow represents movement of the staff out of the OR. (OT=operating room)
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Donning and doffing

The designated donning and doffing areas are marked in Fig. 2. Level 3-type personal protective equipment kits that included an impervious coverall, Respirator N95 mask or filtering facepiece respirator (FFP) 2, face shield, goggles, sterile gloves, gumboots (where required), and long shoe covers (impervious type) were made available in the donning area. To ensure that the correct process of donning and doffing was followed, checklists were provided by the HICC in both areas. In the doffing area, a buddy system was ensured to observe and facilitate the correct process of doffing of the operating team member. We ensured that two pairs of clean and dirty chairs were kept in a row where one member would sit on the dirty chair, doff, go to the clean chair, and finally exit (Table 1).

Table 1. Workflow and preparation of operating rooms
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HVAC considerations

Conventionally good ventilation, low humidity (<68%), and temperature control should be maintained in the OR for the comfort of surgical personnel and patients and also for preventing infections (2). OR should be maintained at positive pressure with respect to corridors and adjacent areas (3). The positive pressure restricts the movement of air from outside areas into the OR and thus decreases the risk of infection being brought into the OR. Conventional OR ventilation systems produce a minimum of 15 air changes of filtered air for thermal control, three (20%) of which must be fresh air. Air should be introduced at the ceiling and exhausted near the floor (4).

While ORs are normally designed to have positive pressure air circulation, while operating on COVID-19 patients, negative pressure is recommended inside the OR to minimise the risk of infection going from inside the OR to the clean air outside (5–7). The ORs in our setting open directly into the central corridor; however we have an anaesthesia induction room in each OR which is kept at negative pressure. With each AHU catering to three ORs, including their changing rooms outside these ORs, there was no provision in our setting to partition and segregate the inside air of ORs at a different pressure through an anteroom. Therefore, it was required to keep the ORs at negative pressure in order to prevent the mixing and transmission of air from inside of these ORs. A high air exchange cycle rate (≥25 cycles/h) contributes to effectively reducing the viral load within ORs (6, 8, 9). To achieve this, the inlet flow was reduced and the exhaust speed was increased, which created a relative negative pressure in the OR in comparison with the corridors. The laminar flow was maintained and was also tested after the changes; the air flowed from the ceiling to the scrub area. The ducts of the HVAC supplying the changing rooms and external corridors were closed, and the doors of these rooms facing the corridors were sealed. These actions minimised the risk of infection being carried from inside the OR to the changing rooms or the clean areas outside.

Other engineering considerations

Certain civil structural modifications were also required. Entry into the block of six ORs was sealed with acrylic sheets with leak-proof structures from both the ends to restrict air flow into non-COVID ORs and the clean corridors. Air vents and doors of changing rooms facing the central corridor opposite the block of three working ORs were sealed as these were served by the same HVAC as the ORs. All the exhaust fans in these changing rooms were electrically disconnected, and all the vents in these rooms were closed physically to ensure that air movement was practically cut off across the inner corridors. The changing rooms were refurbished by the installation of showers and geysers so that operating team members could take a shower after doffing.

Infection control measures

From the infection control point of view, the equipment dedicated for the surgery of COVID-19 suspects was kept separately. The route and trolley were designated for the transport of patients from the ward, and every time the trolley left the OR, it was wiped with hypochlorite solution. The blood sample, if any, was transported in a double bag, wiped with hypochlorite solution. The HVAC was kept at negative pressure. After each operation, the equipment was cleaned in the sluice room, and the OR was cleaned with disinfectant followed by its fogging, which was performed using hydrogen peroxide for a contact period of an hour.

As a limitation of the study, we cannot provide outcomes data as this study was not planned to collect them. The study was undertaken as a pilot exercise in consultation with the treating surgeons, HICC members, hospital administrators, and engineers along with a literature review to transform the existing facility in its design and functional aspects to make it ready for the emergency surgeries of COVID-19 suspects at the beginning of the pandemic.

Summary

While this required significant planning on paper and onsite by members of the OR staff, HICC, administration, and engineers, the creation of a safe operating environment was possible within a 48-h period with minimal structural alterations.
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