
Coronavirus disease 2019 (COVID-19) is a disease 

caused by the severe acute respiratory syndrome coronavi-

rus 2 (SARS-Cov-2) infection. In the Republic of Korea, 

10,936 patients had been diagnosed and 258 patients had 

died of COVID-19 as of May 12 of 2020, since the first case 

was diagnosed on January 19, 2020 [1]. 

If a COVID-19-related patient undergoes surgery in areas 

where COVID-19 is prevalent, healthcare workers should 

perform infection control during aerosol-generating pro-

cedures to minimize the transmission by airborne viral 

spread and contact transmission by respiratory droplets. 

Therefore, when performing surgery for COVID-19-related 
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patients at our hospital, healthcare workers wore an appro-

priate personal protective equipment (PPE) to prevent ex-

posure to SARS-Cov-2. Anesthesia was also performed in a 

negative pressure operating room designed to prevent in-

fection with minimal healthcare workers.  

We performed general anesthesia for femoral fracture 

surgery in two COVID-19-related patients. Herein, we re-

port a case in which infection control was performed and 

another case in which healthcare workers were exposed to 

SARS-CoV-2. 

The study was approved by the Institutional Review 

Board of the Daegu Fatima Hospita (no. DFE20ORIO064). 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 
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We obtained informed consent from the patients after sur-

gery to publish this report. 

CASE REPORT 

Case 1 

An 88-year-old male patient without any underlying dis-

ease, who had been taking drugs due to symptoms of 

cough, sputum and myalgia a week prior to the visit to the 

hospital, came to our emergency room because fell from 

his height. At the time of the visit, his mental status was 

drowsy, and a fever of 37.7°C was observed. Based on brain 

magnetic resonance imaging, an acute cerebral infarction 

was suspected. A left femur intertrochanteric fracture was 

observed on the radiography of the lower limbs. There 

were no specific findings on the chest X-ray and blood 

tests, but SARS-CoV-2 quantitative real-time polymerase 

chain reaction (RT-PCR) and chest computed tomography 

(CT) were performed due to symptoms of respiratory in-

fection such as cough, sputum and fever. Chest CT showed 

consolidation in both lower lungs which was suspected to 

be pneumonia (Fig. 1), and a positive result of the SARS-

CoV-2 RT-PCR was confirmed. The patient was admitted to 

an isolation ward and treated for acute cerebral infarction. 

The patient was confirmed to be infected with SARS-

CoV-2, but a bacterial pneumonia was not excluded; there-

fore, antibiotics and hydroxychloroquine were adminis-

tered. Two RT-PCR tests performed on the 6th and 10th 

days of admission showed negative results. After 2 weeks of 

admission, there was no evidence of active infection on 

chest CT; therefore, it was decided to perform a closed re-

duction with internal fixation of the left femur intertro-

chanteric fracture on the 19th days of admission. Since the 

patient was taking an antiplatelet agent (clopidogrel) due 

to the cerebral infarction, we decided to administer a gen-

eral anesthesia to the patient. According to our hospital’s 

COVID-19 response guidelines (Fig. 2) based on previous 

results of SARS-CoV-2 positive patient reports, we decided 

to wear enhanced PPEs. 

A separate negative pressure zone was set to prevent 

aerosol spread. We covered the anesthesia machine, an op-

erating bed, and equipment in the operating room with vi-

nyl. To prevent contamination of the anesthesia machine, 

high-efficiency particulate air (HEPA) filters (GVS Filter 

Technology UK Ltd., UK) were applied to the inspiratory 

and expiratory limbs of the breathing circuit and the pa-

tient’s side was connected to the endotracheal tube. 

Healthcare workers wore enhanced PPEs including N95 

respirator, surgical cap, double gown, double glove, shoe 

covers, and powered air-purifying respirators (PAPR), 

which was separately set in the negative pressure zone. The 

patient was moved to the operating room with healthcare 

workers wearing the enhanced PPE. After entering the op-

erating room, we continuously monitored the electrocar-

diogram (EKG), pulse oximetry, and blood pressure. After 

preoxygenation, propofol 1.5 mg/kg was administered for 

anesthesia induction. Rocuronium bromide 0.8 mg/kg was 

administered to induce a neuromuscular blockade suffi-

cient to prevent the spread of airborne droplets. Tracheal 

intubation was performed using a McGrath MAC (Mc-

GRATH, Aircraft Medical Ltd., UK) videolaryngoscopy. Af-

ter intubation, we closed the operating room for 30 min to 

prevent aerosol transmission. Anesthesia was maintained 

with 1.5–2.0 vol% sevoflurane and remifentanil infusions. 

After 45 min, the surgery was completed and sugamma-

dex 2 mg/kg was administered to reverse the neuromuscu-

lar blockade. Five minutes after Sugammadex administra-

tion, the neuromuscular blockade was sufficiently reversed 

such that tracheal tube extubation was performed. After 

extubation, the operating room was closed for another 30 

min to prevent aerosol transmission. Then, to prevent the 

post-anesthesia care unit (PACU) from being contaminat-

ed, the patient had to recover in the operating room. After 

recovering for 30 min, healthcare workers wearing en-
Fig. 1. Chest CT showed consolidations in both lower lung which were 
suspected as pneumonia. CT: computed tomography.
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Elective Surgery Protocol

Chest PA

Patient without 
symptom

Unremarkable 
chest X-ray

Standard PPE

Checked chest 
abnormality

Patient with symptom or 
risk factor

Chest CT & SARS-COV-2 RT-PCR

Fever above 37.5°C
or Respiratory symptom
or epidemiological contact
history with confirmed
infection patient

Unremarkable
chest CT

No PCR result Enhanced PPE

PCR 1 time negative Standard PPE

Checked chest CT 
abnormality

No PCR result Enhanced PPE

PCR 1 time negative Enhanced PPE

PCR 2 time negative
(24 hour internval)

Standard PPE

RT-PCR positive Enhanced PPE

Fig. 2. (A) When planning elective surgery, Chest X-ray was performed first. If the possibility of SARS-CoV-2 infection could not be completely ruled 
out, chest CT and RT-PCR were also performed. (B) In the case of emergency surgery, chest CT was checked as well as chest X-ray in all patients. 
SARS-CoV-2 PCR was performed when abnormality in Chest CT was detected, patients had risk factors, or respiratory symptoms such as cough 
and sputum. RT-PCR: real-time polymerase chain reaction, PPE: personal protective equipment, SARS-CoV-2: severe acute respiratory syndrome 
coronavirus-2, COVID-19: coronavirus disease 2019, CT: computed tomography, PA: posteroanterior.
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hanced PPEs moved the patient back to the isolation ward 

through a separate elevator. After the surgery was complet-

ed, healthcare workers who participated in the surgery re-

moved the enhanced PPE in the anteroom of the negative 

pressure zone, and the operating room’s surface was disin-

fected and the operating room was ventilated for 30 min. 

A week after the surgery, the chest CT result of the pa-

tient did not show any specific findings and the SARS-

CoV-2 RT-PCR was also confirmed to be negative. There-

fore, eight days after the surgery, the patient was dis-

charged with no other complications. 

Case 2 

A 73-year-old female patient was admitted for further 

evaluation due to a suspected right lesser trochanter 

pathologic fracture on the hip X-ray and bone metastasis 

on the whole body bone scan. The patient was on medica-

tion for hypertension and hypothyroidism. She was also di-

agnosed with pulmonary tuberculosis 10 years ago and 

was cured after treatment. The patient had been taking an-

tiplatelet agents for 9 years after intra-arterial stent inser-

tion due to right internal carotid artery stenosis. SARS-

CoV-2 RT-PCR was performed because the patient had a 

fever of 37.8°C one week before admission. A negative re-

sult was reported. On the second day of admission, a fever 

of 38°C or higher was observed; thus, SARS-CoV-2 RT-PCR 

was performed but negative results were confirmed. Chest 

radiography showed no specific findings other than the old 

pulmonary tuberculosis lesion in the right upper lung. Lat-

er, the fever subsided. 

On the 4th day of admission, chest CT showed no specif-

ic findings except for the multifocal post-infectious old le-

sions in the right lung, and there was no change compared 

to the previous chest CT (Fig. 3A). Therefore, on the 5th day 

of admission, an excisional biopsy of the right femur was 

performed. Considering that the possibility of COVID-19 

infection was excluded, the patient was transferred to a 

room different from the previous one after the excisional 

biopsy was performed. After the biopsy, a fever of 37.5°C or 

higher was noted and the C-reactive protein was elevated. 

As a result of the biopsy, a lymphoma was suspected. 

On the 9th day of admission, a right femoral shaft patho-

logic fracture occurred, and it was decided to perform a 

closed reduction of the fracture with internal fixation at the 

emergency on that same day. We considered that the pa-

tient had been confirmed to be negative for SARS-CoV-2 by 

RT-PCR 6 days before admission and on the 2nd day of ad-

mission, and there was no evidence of active infection on 

chest CT on the 4th day of admission. For the persistent fe-

ver, we consulted with the division of infectious disease 

and infection control department. The division of infec-

tious disease and infection control department suggested 

that the patient's fever seemed to be a neoplastic fever 

caused by lymphoma. Therefore, we excluded the possibil-

ity of a SARS-CoV-2 infection in the patient and decided to 

perform the surgery with standard PPEs including surgical 

gloves, gown, eye shields, and N95 respirators. Since the 

patient was taking an antiplatelet agent (clopidogrel) due 

to internal carotid artery stenosis, we decided to adminis-

ter a general anesthesia to the patient. After preoxygen-

ation, propofol 2 mg/kg was administered for anesthesia 

Fig. 3. (A) Chest CT showed no evidence of active infection and no change in the interval of old tuberculosis. (B) Chest CT showed increased 
bilateral pleural effusion and no interval change of GGA in the right lower lung. (C) Chest CT showed a multifocal patchy GGA lesion with interlobular 
septal thickening that appears to be a new suspected viral pneumonia. CT: computed tomography, GGA: ground-glass appearance.

A B C
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induction, and rocuronium bromide 0.6mg/kg was admin-

istered. Tracheal intubation was performed using McGrath 

MAC (McGRATH, Aircraft Medical Ltd.) and anesthesia 

was maintained with 1.5–2.0 vol% sevoflurane and remifent-

anil infusion. Oxygen saturation was maintained at 100% 

during anesthesia, and blood pressure, heart rate, and me-

chanical ventilation were maintained stable. 

The surgery lasted 85 min. Then, sugammadex 2 mg/kg 

was administered to reverse the neuromuscular blockade. 

Five minutes after administration of sugammadex, the 

neuromuscular blockade was completlely confirmed; 

therefore, tracheal tube extubation was performed. After 

that, the patient was transferred to the PACU for recovery. 

After an hour, the PAR score was checked at 9 points; there-

fore, the patient was moved to the hospital room. 

One day after the surgery, the patient developed a fever 

of 38.4°C again, and another patient in the same hospital 

room was confirmed to be COVID-19 positive. Therefore, 

the chest CT and SARS-CoV-2 RT-PCR test were redone on 

the patient. On chest CT, bilateral pleural effusion was ob-

served (Fig. 3B), and the SARS-CoV-2 RT-PCR results were 

positive. As a result, the patient was confirmed to be 

COVID-19 positive and moved to the isolated room. After 

that, Lopinavir, ritonavir, and hydroxychloroquine were ad-

ministered for COVID-19 treatment and antibiotics were 

administered in consideration of possible bacterial pneu-

monia. 

We investigated healthcare workers who participated in 

the surgery. In the PACU, all healthcare workers were wear-

ing standard PPEs, so there were no exposed healthcare 

workers, but confirmed that the anesthesiologist and nurse 

who participated in the surgery were exposed because they 

did not wear eye shields when they performed the anes-

thesia. Therefore, we ran SARS-CoV-2 RT-PCR on these two 

healthcare workers, and made them stay at home for two 

weeks. For the two tests, both showed negative results on 

SARS-CoV-2 RT-PCR. Fever and cough symptoms were not 

observed for two weeks. After two weeks, on the SARS-

CoV-2 RT-PCR, both healthcare workers’ results were re-

ported as negative. 

By the way, the operating room was also exposed to the 

possibility of infection. Therefore, we performed surface 

disinfection, emptied the operating room for 24 h, and per-

formed room air ventilation. A carbon dioxide absorber of 

the anesthesia machine was also replaced as we performed 

disinfection. 5 days after the surgery, a multifocal patchy 

ground-glass appearance (GGA) lesion in both lungs which 

were suspected to be viral pneumonia was reported on the 

chest CT scan (Fig. 3C); therefore, antibiotics and hydroxy-

chloroquine were administered. However, pneumonia had 

not improved, and the patient was given a ventilator care in 

the intensive care unit. Twenty-three days after surgery, 

pneumonia was aggravated and the patient was died. 

DISCUSSION 

COVID-19 is a disease caused by a new virus, SARS-

CoV-2, which occurred in December 2019 in Wuhan, Hubei 

Province, China [2]. On March 11, 2020, the World Health 

Organization (WHO) declared a global pandemic of SARS-

CoV-2 spreading across the world. Like SARS-CoV, SARS-

CoV-2 can cause person-to-person transmission by air-

borne viral spread, physical contact, and respiratory drop-

lets [3,4]. 

In aerosol-generating procedures such as tracheal intu-

bation, noninvasive ventilation and cardiopulmonary re-

suscitation, the risk of coronavirus transmission can be in-

creased [5,6]. In particular, when performing general anes-

thesia in the operating room, aerosol occurs in a limited 

space so there is a higher risk of healthcare workers being 

exposed to infection. Due to the increased risk of SARS-

CoV-2 transmission during general anesthesia, in order to 

prevent transmission of SARS-CoV-2 during the surgery of 

COVID-19-related patients, we planned to prepare a nega-

tive pressure operating room, healthcare workers wearing 

appropriate PPE, and minimize in-hospital exposure. 

During the aerosol-generating procedure in a negative 

pressure room, WHO recommends both performing air 

changes at least 12 times per hour and controlling the di-

rection of air flow during mechanical ventilation at the 

same time [6]. Our hospital performs air changes at least 12 

to 15 times per hour in the operating room, but it does not 

have any permanent negative pressure operating rooms. 

Thus, we converted two operating rooms into temporary 

negative pressure operating rooms for COVID-19 related 

patients by referring to the setting of a negative pressure 

operating room during the Middle East respiratory syn-

drome epidemic [7]. To do this, the operating room was di-

vided into two rosettes and the hospital clean unit setting 

was changed. The fresh air inflow of operating rooms was 

maximized in rosette A, and minimized (50% of maximum) 

in rosette B (Fig. 4) The outflow of both rosettes remained 

constant. 

With this setting, Rosette A was set as a positive pressure 
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zone, and rosette B was set as a relatively negative pressure 

zone. This caused the air to flow only in one direction be-

tween the two zones. Whenever a patient is about to move 

to the operating room, a smoke test was performed to en-

sure that negative pressure was established (Supplementa-

ry Video 1). According to the operating room response 

guidelines, we consulted with the division of infectious 

disease and infection control department and allowed 

healthcare workers to wear standard PPE or enhanced PPE 

when participating in surgery (Fig. 2).  

We checked whether there was an abnormality on chest 

radiography, which is basically performed as a preopera-

tive evaluation. This is because, at the time, many SARS-

CoV-2 infections occurred epidemically in Daegu, Republic 

of Korea, making it difficult to perform SARS-CoV-2 RT-

PCR in all patients undergoing surgery. Although chest 

X-ray was less sensitive in detecting COVID-19 than chest 

CT, since it was performed by preoperative evaluation in all 

patients, the possibility of COVID-19 could be evaluated 

first through chest X-ray [8]. 

Xie et al. [9] reported that chest CT can also help detect 

COVID-19 in patient s with negative results in SARS-CoV-2 

RT-PCR. Therefore, we also performed chest CT in patients 

with risk factors, or with symptoms of respiratory infection 

such as fever, cough, and sputum. 

SARS-CoV-2 RT-PCR is considered a standard for the de-

tection of SARS-CoV-2 infection, but false-negative results 

in sampling should also be considered. When collecting a 

sample of RT-PCR, errors may occur depending on the ex-

aminer, and a sufficient amount of sample may not be col-

lected from the upper respiratory tract, resulting in weakly 

positive results. In this case, RT-PCR should be performed 

by sampling from the lower respiratory tract, but since it 

was not easy to perform this, chest CT was performed to 

check the possibility of SARS-CoV-2 infection more closely 

[10]. 

When performing urgent surgery without performing 

SARS-CoV-2 RT-PCR or chest CT, the possibility of COVID-19 

could not be completely excluded. Therefore, all health-

care workers wore enhanced PPE. The surgery was per-

formed in a negative pressure zone. When performing sur-

gery other than urgent surgery, we immediately received a 

radiologist's report on chest radiography or chest CT scans 

of patients who underwent surgery because of the consul-

tation with the radiology department in advance. Since it 

was difficult to completely exclude the possibility of 

COVID-19 as a result of one negative RT-PCR [10], all 

healthcare workers wore standard PPE to performed anes-

thesia even when not wearing enhanced PPE. 

The standard PPE includes surgical gloves, gown, eye 

shields, and N95 respirators (Fig. 5) while enhanced PPE 

includes overall clothes with head cover, shoe covers, gog-

gles, two pairs of surgical gloves, a PAPR (Fig. 6). Health-

care workers wore enhanced PPEs in separate anterooms. 

Even after the surgery, healthcare workers discarded the 

PPEs in the anteroom, performed basic disinfection, and 

then left. To minimize virus transmission in the hospital, 

surgery was planned after completion of the elective sur-

gery. The patient was moved to the operating room 

through separate elevators and pathways. The pathway 

around the negative pressure operating room was also con-

trolled. After the aerosol-generating procedure of endotra-

cheal intubation and extubation, the operating room was 

closed and room ventilation was performed for 30 min. It 

has been reported that the stability of SARS-CoV-2 is main-

tained for 3 h in aerosol and 72 h in materials such as plas-

tic or stainless steel [11]. Therefore, the anesthesia machine 

and operating bed in the operating room are covered with 

vinyl for protection. After the surgery, the operating room 

was ventilated for more than 3 h, and had not been used 

for at least another 24 h. The operating room and anesthet-

ic machine were disinfected and extra surface disinfection 

was performed. 

Anesthesia was performed by a well-trained anesthesiol-

ogist, and intubation was performed using videolaryngos-

copy to minimize the possibility of intubation failure. 

In case 1, it was a surgery of COVID-19 confirmed pa-

tient; therefore, the protocol was well performed and anes-

A rosette

B rosette

PACU
positive
air flow

Enterance

Positive pressure zone

Negative pressure zone

Anteroom Main
operating room

Fig. 4. This picture is a schematic diagram of our operating hall. We 
set up rosette A and rosette B. The rosette close to the entrance was 
set as a negative pressure zone. PACU: post-anesthesia care unit.
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different hospital room Another COVID-19 confirmed pa-

tient was using a nebulizer in the room. It is thought that 

this nebulizer use caused airborne viral spread and trans-

mission to other patients in that hospital room. SARS-

CoV-2 RT-PCR tests were performed on patients, their 

caregivers, and all staff in this ward as COVID-19 con-

firmed cases occurred. Those who showed positive results 

of SARS-CoV-2 RT-PCR were moved to isolation rooms and 

those who came into contact with COVID-19 patients were 

isolated immediately for 14 days. 

Since then, out hospital has restricted the transfer of pa-

tients between hospital rooms to prevent in-hospital trans-

mission. 

With COVID-19 infected patients, fever is the first symp-

tom mainly observed, and mild symptoms such as cough 

and fatigue may occur as well as severe complications such 

as pneumonia, acute respiratory distress syndrome, cardi-

ac injury, and multi-organ failure [12,13]. If only fever oc-

curs, it might be difficult to differentiate the cause of the fe-

ver from the other diseases of the patient. In addition, 

symptoms may occur 5 to 6 days after infection and up to 

14 days after transmission. Transmission has been report-

ed even in this subclinical period [4,14]. With patients in 

this subclinical period, it is difficult to clearly determine 

COVID-19 infection with symptoms or chest images only. 

Therefore, in areas where COVID-19 is an epidemic, efforts 

to identify COVID-19 should be made. 

In case 2, the patient also had a fever. However, there 

were no symptoms other than those leading to the surgery. 

Nothing had changed from the chest radiography 3 days 

prior to the surgery, and negative results were confirmed 

on the previously tested SARS-CoV-2 RT-PCR. Therefore, 

after consulting with the division of infectious disease and 

infection control department, we excluded the possibility 

of COVID-19 and performed surgery. However, since the 

patient was confirmed to have COVID-19 later, the fever at 

that time might have been caused by SARS-CoV-2 infection 

or underlying pathology during the subclinical period. It 

would be better if the surgery was performed with addi-

tional SARS-CoV-2 RT-PCR to ensure the patient was ex-

cluded from the possibility of having COVID-19. Since 

then, our hospital has been testing SARS-CoV-2 RT-PCR 

within 24 hours before surgery for all patients undergoing 

surgery. 

As COVID-19 had become a pandemic throughout the 

world, it is thought that the surgery of COVID-19-related 

patients will also increase. Due to the limited space in the 

A B

Fig. 5. Standard personal protective equipment in frontal view (A) and 
back view (B).

Fig. 6. Enhanced personal protective equipment in frontal view (A) 
and back view (B).

A B

thesia was successfully performed without healthcare 

workers being exposed to the risk of infection. 

In case 2, healthcare workers did not wear the PPEs 

properly, resulting in a situation in which they were ex-

posed to risks of infection to COVID-19-related patients. 

We prevented further exposure to infection by immediate 

isolation and continuous monitoring of the exposed 

healthcare workers. Furthermore, staff training sessions 

about wearing PPEs for healthcare workers were intensi-

fied and increased. 

After excisional biopsy, the patient was transferred to a 
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operating room, there is as risk of airborne viral spread and 

higher chance of transmission through contact, which in-

creases the risk of healthcare workers being exposed and of 

contaminating the operating room. 

Therefore, in areas where COVID-19 occurs as epidem-

ics, SARS-CoV-2 RT-PCR should be performed before sur-

gery in patients with symptoms of respiratory infections 

such as fever, cough, and sputum, or those who cannot 

completely exclude the possibility of COVID-19. In addi-

tion, SARS-CoV-2 RT-PCR testing may be necessary to rule 

out subclinical infection of SARS-CoV-2 to prevent the pos-

sibility of transmission in the hospital. 

In addition, efforts are needed to minimize the exposure 

of healthcare workers. Healthcare workers should wear ap-

propriate PPEs. To minimize aerosol generation during in-

tubation, the tidal volume should be kept as small as possi-

ble during manual ventilation using a face mask and vide-

olaryngoscopy should be used. Rapid sequence intubation  

or intubation after sufficient muscle relaxation should be 

considered to minimize coughing by the laryngeal reflex. 

In addition, to limit transmissions, efforts should be 

made to prepare trainings about wearing PPE, ways to set 

up a negative pressure room to prevent contamination of 

the operating room, and a protocol to prevent in-hospital 

transmission. 

SUPPLEMENTARY MATERIALS  

Supplementary video is available at https://doi.org/ 

10.17085/apm.20044.  
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