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Abstract1 

Background: Confirmed coronavirus disease 2019 (COVID-19) patients sometimes require emergency surgery, 

but protecting healthcare workers and other patients from infection is a high priority. This report describes two 

cases where surgeries were performed in a hospital without a negative-pressure operating room. 

Case: Two patients diagnosed with COVID-19 required emergency surgery in a negative-pressure isolation room. 

Two operating rooms were designated an operating room and an anteroom, and the central air conditioning 

system was turned off. The disinfection exhaust fan of the operating room was used to create a negative-pressure 

environment (–1.0 Pa).  

Conclusions: Performing surgery on COVID-19 patients remains challenging in hospitals not specialized for 

infection. It is necessary to share experiences between hospitals, and changing the pressure inside the operating 

room from positive to negative pressure with a simple maneuver is a good option for protection. 
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I. INTRODUCTION 

The coronavirus disease 2019 (COVID-19) 

pandemic has now lasted over a year and a half.  

Thus, many tertiary hospitals in Korea have 

exclusive intensive care units (ICUs) and wards for 

COVID-19 confirmed or suspected patients.  These 

are operated under negative pressure following strict 

regulations. The negative-pressure room is 

advantageous for preventing the spread of 

contamination by only allowing the flow of air to 

enter the room from the outside by creating a 

pressure difference between the room and the outside 

[1,2]. In Korea, per the relevant 2018 law, negative-

pressure isolation wards are mandatory in certain 

sized hospitals, and most COVID-19 patients receive 

treatment under quarantine.  However, what if these 

patients require surgery?  Although a negative-

pressure room seems to be essential for surgery, few 

hospitals are currently equipped with negative-

pressure operating rooms nationwide, and even these 

are not being operated properly due to the lack of 

demand. 

Per the Guidelines for Surgery of Confirmed or 

Suspected COVID-19 Patients published by the 

Korean Society of Infectious Diseases and the Korea 

Medical Association Task Force Expert Committee, 

using a negative-pressure operating room or an 

operating room equipped with a negative-pressure 

device is recommended [3]. Moreover, according to 

the Coronavirus Infectious Disease-19 response 

guidelines for hospitals published by the Central 

Disease Control Headquarters and Central Disaster 

Management Headquarters, in principle, the aerosol 

generation procedure should be performed in a 

negative-pressure isolation room equipped with a 

high-efficiency particulate air (HEPA) filter [4]. If 

this is not possible, the aerosol generation procedure 

should be conducted in a space independent of the 

entire air conditioning system with good external 

ventilation. In addition, several experts suggest that 

negative-pressure operating rooms are ideal for 

reducing the risk of the spread of infection [5, 6]. 

We present two cases of inevitable yet successful 

surgeries performed on confirmed COVID-19 

patients in a hospital without a negative-pressure 

operating room. We find it beneficial to share how 

the operating room environmental setting, patient 

transfer, anesthesia, and surgery should be performed 

following the principles of isolation and protection 

for the safety of medical staff and other patients. 

 

II. CASE 

CASE 1 

  An 81-year-old woman was admitted to the 

hospital emergency room due to left neck swelling 

and fever. The initial severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) screening 

test performed in the emergency room was negative.  

Para-pharyngeal abscess and resulting sepsis were 

diagnosed, and an emergency incision and drainage 

with tracheostomy were performed.  Meanwhile, a 

patient who visited the emergency room at the same 

time tested positive for COVID-19. Therefore, our 

patient was classified as a suspected COVID-19 

patient. The subsequent retest was positive, and the 

patient was transferred to the exclusive COVID-19 

ICU. 

  After the transfer, while maintaining supportive 

care, a tracheoesophageal fistula occurred in the mid-

trachea due to the prolonged tracheostomy tube 

placement, requiring surgery to repair the 

tracheoesophageal fistula (Figure 1A). Our hospital 

did not have a separate negative-pressure operating 

room, and it was difficult to transfer to other 

hospitals considering the patient's current systemic 

condition, including respiratory distress (Figure 1B). 

Therefore, the surgery was scheduled in the 

operating room of our hospital after discussion with 

the Department of Infection Control, Thoracic 

Surgery, and Anesthesiology. For easy control and 

isolation, the surgery was planned in Room 20 of D-

rosette on Saturday morning. Our hospital does not 

plan regular surgeries on Saturdays and Sundays, 

ensuring sufficient ventilation time after surgery.  

The operating rooms of our hospital are composed of 

A-, B-, C-, and D-rosettes, and the D-rosette operates 

a separate air conditioning system. Room 19, 

connected to Room 20, was designated as the 

anteroom.   

First, we requested that the central air conditioning 

system be turned off in both rooms.  After 

confirming that the air conditioning system was off, 

a separate disinfection exhaust fan in the operating 

room was used to exhaust the air inside the operating 

room. As a result, only exhaust went through the 

exhaust fan without supply air.  The inside of the 

operating room was not under positive pressure, so 

the air inside the operating room did not escape 

elsewhere (e.g., the corridor or the adjacent operating 

room), only to the designated passage.  The 

differential pressure displayed on the differential 

pressure gauge (DS Mecasys, Seoul, Korea) inside 

the operating room was –1.0 Pa (Figure 2A), and the 

differential pressure measured with a portable 

differential pressure manometer (Kimocorea, Seoul, 

Korea) was approximately –0.9 Pa (Figure 2B).  

Items other than disposables were covered with vinyl 

to prevent exposure to aerosols (Figure 3A), and two 

heat and moisture exchange (HME) filters were 
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connected to the corrugate tube (Figure 3B).   

The surgical team included the minimum number 

of medical staff: one thoracic surgeon, one 

anesthesiologist, two surgical assistants, and three 

nurses. All medical staff dressed in Level D personal 

protective equipment (PPE) on third floor, separate 

from the operating room (on the second floor), 

including two pairs of gloves, ono N95 mask, and a 

powered air-purifying respirator (PAPR). After 

completing all preparations, the patient was 

transported to the operating room through the 

designated passage, which included a separated 

elevator with a negative-pressure cart, by transport 

personnel wearing Level D PPE. The patient was 

placed on a surgical table, the corrugate tube was 

promptly connected to the tracheostomy tube, and 

the invasive arterial blood pressure, pulse oximeter, 

and electrocardiogram were monitored. The patient 

was in a near-alert state with spontaneous breathing 

through tracheostomy and in both thoracostomy 

states due to both types of pneumothorax.  The initial 

vital signs were blood pressure of 167/75 mm Hg, 

heart rate of 91 beats/min, respiratory rate of 20 

breaths/min, and peripheral oxygen saturation of 

100 %. Total intravenous anesthesia was induced 

using propofol and remifentanil target-controlled 

infusion. Fistula suture closure was performed on the 

esophageal and tracheal sides over 90 min after 

anesthetic induction.  After surgery, the patient was 

transferred back to the exclusive COVID-19 ICU 

under sedation with a negative-pressure cart. Next, 

the waste was safely disposed of following the 

regulations, and the operating room and anteroom 

were subjected to forced circulation for eight hours 

through an air conditioning system and not used for 

48 hours after. 

 

CASE 2 

A 69-year-old man was diagnosed with COVID-

19 pneumonia and was undergoing supportive 

treatment in our exclusive COVID-19 ward.  On the 

third day of hospitalization, the patient fell and 

complained of lower sensory and motor deterioration 

(motor grade 2). Magnetic resonance imaging 

indicated spinal cord compression with compressive 

myelopathy, requiring emergency surgery (anterior 

cervical discectomy and fusion at level C5/6) (Figure 

4). Since it was a weekday, the surgery was 

scheduled in room 20 of the D-rosette after all 

regular surgeries were complete. The air 

conditioning was controlled as in Case 1, and all 

items, excluding the disposables, were protected with 

vinyl as much as possible. All participating medical 

and transport staff members were equipped with 

Level D PPE and PAPR.   

  The patient was transported while wearing a KF94 

mask with a negative-pressure cart, and the initial 

vitality was stable. Once the KF94 mask was 

removed for anesthetic induction, the facial mask 

connected to the circuit was fitted to minimize 

aerosol discharge. Anesthesia was induced using 

propofol, remifentanil, and sevoflurane, and 

endotracheal intubation was performed quickly using 

a video laryngoscope. The operation lasted 

approximately 70 minutes and was terminated 

without any specific events. Since the cough reflex 

induced by endotracheal extubation can spread the 

virus, the patient was transferred to an exclusive 

COVID-19 ICU equipped with a negative-pressure 

isolation room for endotracheal extubation. The 

elective surgery scheduled for the next day in the 

same operating room was canceled and performed 

elsewhere, and the operating room was not used for 

24 hours. 

 

 

 
 

Fig. 1. A preoperative computed tomography (A) and chest 

anterior-posterior image (B). 

 

 

 

 
Fig. 2. The instrument panel (A) and portable differential 

pressure manometer (B) used in the surgery. 
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Fig. 3. The operating room before the start of surgery (A) 

and the heat and moisture exchanger filters used in the 

surgery (B). 

 

 

 
 

Fig. 4. The patient’s cervical magnetic resonance image. 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅲ. DISCUSSION 

SARS-CoV-2 mainly infects by airborne 

transmission. The respiratory fluid particle size 

excreted by people during exhalation varies, and 

even very small droplets are small enough to travel 

tens of meters and float in the air for hours [7,8].  

SARS-CoV-2 has also been detected on the surface 

of hard objects, such as plastic and stainless steel, for 

72 h to 9 days [8,9]. The estimated basic 

reproduction number of COVID-19 is 3.38 ± 1.40, 

ranging from 1.90 to 6.49 [9]. The operating room 

and the operating room corridor are spaces where 

many people come and go throughout the day. A 

positive pressure is maintained inside the operating 

room to prevent pathogens, such as bacteria or 

viruses from outside. Therefore, if the virus spreads 

inside the operating room, everyone sharing the 

common corridor is very easily exposed. 

Fundamental to these cases is ensuring the safety 

of the medical staff performing the emergency 

surgery and the other patients without a negative-

pressure operating room. Thus, controlling the air 

conditioning system was the most important. A 

central air-conditioning system circulates air 

throughout the operating room for air purification 

and cooling. We designated two operating rooms as 

the main COVID-19 operating room and anteroom 

and blocked the air coming in through the supply fan 

on the ceiling, allowing the air to go out only through 

the four exhaust fans at the bottom of the wall. The 

air passing through the exhaust fan passed through 

the HEPA filter and exited the roof of the building. 

To this end, the central air conditioning was off, and 

the disinfection exhaust fan, directly controlled in the 

operating room, was activated. After a few minutes, 

the differential pressure between the operating room 

and the operating room corridor became –1.0 Pa. 

This is significant because the differential pressure in 

the operating room can change from positive to 

negative with a simple maneuver, although it does 

not meet the criteria for a negative-pressure isolation 

area (–2.5 Pa) presented by the US Centers for 

Disease Control and Prevention [1]. 

Surgery was performed after the end of the regular 

surgical working day or on weekends, without other 

surgeries, using the operating room that was spatially 

farthest from the other operating rooms. A dressing 

room was set up at the entrance to the operating 

room, and staff from the Infection Control 

Department instructed how to appropriately wear the 

PPE and PAPR and blocked non-participants from 

entering. As the air conditioning system was off in 

the operating room, it was impossible to cool, so 

PAPR was essential for the medical staff to facilitate 
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easier breathing over a long period.  All medical staff 

entered and exited through the anteroom, where they 

were allowed to remove the contaminated PPE and 

PAPR. Non-disposable anesthesia and monitor 

devices, syringe pumps, and warmers were wrapped 

in vinyl as much as possible and manipulated over 

vinyl to minimize exposure to infectious agents.  

HME filters were also installed on the expiratory and 

the common limbs of the corrugate tube to protect 

the anesthetic machine from the patient’s breathing.  

The patient moved through the designated route, 

including the designated elevator with the negative-

pressure cart connected to the HEPA filter while 

wearing a KF94 mask, and the transport staff also 

wore Level D. Before anesthetic induction, the 

tracheal tube was connected to the closed-circuit, or 

the mask was sealed as quickly as possible to 

minimize the aerosol exposure to the air through the 

patient's breathing. 

After surgery, endotracheal extubation was not 

performed in the operating room but rather in the 

COVID-19 ICU, equipped with a negative-pressure 

room.  The air conditioning was controlled to ensure 

sufficient circulation, and the operating rooms were 

not used for at least 24 hours after. The anesthetic 

machine operated free ventilation to remove any 

remaining aerosol for several hours. All products that 

came into contact with the patient (e.g., the corrugate 

tube, facial mask, bag valve mask, laryngoscope 

bladder, and temperature probe) were used as 

disposables and immediately discarded. 

In Korea, during the Middle East Respiratory 

Syndrome (MERS) outbreak in 2015, group infection 

through domestic medical institutions strengthened 

facility standards. In particular, the law was amended, 

so general hospitals with more than 300 beds were 

required to have negative-pressure isolation rooms.  

With the COVID-19 pandemic, hospitals are 

expanding the number of negative-pressure rooms 

and infection protection equipment. However, 

compared to negative-pressure isolation wards, 

negative-pressure operating rooms are very rare, 

except for in a few designated hospitals in Korea, 

owing to very low demand and a high cost.  In most 

surgeries, blood and body fluids are exposed, and 

during endotracheal intubation and extubation 

performed under general anesthesia, aerosols in the 

lungs are easily spread into the air [11]. Specifically, 

the aerosol amount emitted increases significantly 

when coughing due to the cough reflex during 

extubation [12].   

The recommendation is to postpone or reschedule 

elective surgery for COVID-19 confirmed or 

suspected patients based on priority [13,14] and 

consider transferring patients who need emergency 

surgery to a hospital with a negative-pressure 

operating room. However, hospitals with negative-

pressure operating rooms are very rare, and it is 

practically difficult to transport all surgeries required 

during hospitalization to other hospitals. There is a 

lack of clear guidelines on this scenario, and there 

are heterogeneity and gaps in each recommendation, 

such as for preoperative preparation or anesthesia 

[15]. For this reason, when such a situation occurs, 

most hospitals follow their own regulations or 

respond according to the circumstances.    

 

Ⅳ. CONCLUSION 

This case report allows us to share our experiences, 

which can serve as a reference for the safety of the 

patients requiring emergency surgery and the 

medical staff performing them.  This report also 

describes and suggests turning the operating room 

ventilation into negative pressure using a simple 

maneuver when surgery is unavoidable in patients 

with highly infectious aerosol disease as a safety 

option for the medical staff. 
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