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Introduction: Anesthesiologists are exposed to the risk of infection from various secretions or droplets from the respiratory tract of 
patients. We aimed to determine bacterial exposure to anesthesiologists’ faces during endotracheal intubation and extubation.
Methods: Six resident anesthesiologists performed 66 intubation and 66 extubation procedures in patients undergoing elective 
otorhinolaryngology surgeries. Sampling was performed by swabbing the face shields twice in an overlapping slalom pattern, before 
and after each procedure. Samples for pre-intubation and pre-extubation were collected immediately after wearing the face shield at the 
time of anesthesia induction and at the end of the surgery, respectively. Post-intubation samples were collected after the injection of 
anesthetic drugs, positive pressure mask ventilation, endotracheal intubation, and confirmation of intubation success. Post-extubation 
samples were collected after endotracheal tube suction, oral suction, extubation, and confirmation of spontaneous breathing and stable 
vital signs. All swabs were cultured for 48 h, and bacterial growth was confirmed by colony forming unit (CFU) count.
Results: There was no bacterial growth in either pre- or post-intubation bacterial cultures. In contrast, while there was no bacterial 
growth in pre-extubation samples, 15.2% of post-extubation samples were CFU+ (0/66 [0%] vs 10/66 [15.2%], p=0.001). All the 
CFU+ samples belonged to 47 patients with post-extubation coughing, and the CFU count was correlated with the number of coughing 
episodes during the process of extubation (P < 0.01, correlation coefficient= 0.403).
Conclusion: The current study shows the actual chance of bacterial exposure to the anesthesiologist’s face during the patient 
awakening process after general anesthesia. Given the correlation between the CFU count and the number of coughing episodes, we 
recommend anesthesiologists to use appropriate facial protection equipment during this procedure.
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Introduction
Healthcare workers are exposed to many risk factors for their physical and mental health.1 Medical procedures for patients 
with infectious diseases can be dangerous to healthcare workers because of the possibility of infection transmission. 
Although the risk of pathogen transmission during aerosol-generating procedures is not fully known, the face of healthcare 
workers can get contaminated by droplets from the patients,2 which can be inhaled into the healthcare workers’ lungs or 
penetrate the wounded skin or mucous membranes of their eyes, nose, and mouth to cause an infectious disease.

The face shield is a representative personal protective equipment (PPE) that protects the facial area. According to the 
Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO), face shields are required 
when performing procedures that generate splashes or sprays of blood, body fluids, or respiratory secretions.3 In 
a previous study using a cough aerosol simulator and breathing simulator, the amount of virus on the respirator under 
the face shield was reduced by 96% when compared to that without the face shield.4 However, there is relatively scarce 
data regarding face shields, and further research is needed to better understand and establish their appropriate use.2 It has 
been reported that anesthesiologists can perform endotracheal intubation well while wearing face shields or other PPEs.5 

Nevertheless, many anesthesiologists do not have sufficient knowledge about protective equipment and do not follow the 
recommended preventive measures (eg, washing hands and using personal protective equipment).6,7
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Bacterial exposure to the endoscopist’s face shields has been reported.8 In previous studies that quantified aerosol 
generation during general anesthesia, aerosols were detected during endotracheal extubation; however, the results were 
conflicting during endotracheal intubation.9–12 There have been no studies on bacterial exposure to anesthesiologists’ 
faces during endotracheal intubation, extubation, and airway suction. Therefore, this prospective study aimed to 
determine bacterial exposure to anesthesiologists’ face shields during endotracheal intubation and extubation by 
comparing pre- and post-procedural samples from face shields.

Materials and Methods
Ethics Approval and Conduct of the Study
The study protocol was approved by the Institutional Review Board of the Yonsei University Health System, Seoul, 
South Korea (#4-2020-0529) on 30, June, 2020, and registered at http://clinicaltrials.gov (NCT04673006). This study 
was conducted in accordance with the ethical guidelines of the Helsinki Declaration. This prospective study was 
conducted in resident anesthesiologists performing endotracheal intubation and extubation in 66 elective otorhinolar-
yngological surgeries that were expected to be longer than 3 hours. We excluded patients with suspected difficult airway, 
obesity (a body mass index higher than 40), suspected respiratory infections, cognitive disorder, illiteracy, or foreign 
nationality. Written informed consent was obtained from all the anesthesiologists and patients enrolled in this study, 
which was conducted from January to June 2021.

To determine bacterial exposure during intubation and extubation, anesthesiologists’ face shield bacterial swab 
sampling was performed in 66 intubation and 66 extubation procedures by the investigator (S. H. Kim). Endotracheal 
intubation and extubation were performed by resident anesthesiologists aged ≥ 20 years, wearing a disposable, non-sterile 
face shield (Figure 1). Both anesthesiologists and assistant nurses used surgical gloves and wore simple surgical mask or 
Korean filter 94 face masks. Before endotracheal intubation and extubation procedures, when the anesthesiologist wore 
the face shield, the investigator (S. H. Kim) removed the protective film (outer vinyl) of the face shield. The samples 
were collected from the face shield before and after each procedure. Sampling was performed by sweeping a sterile 
cotton swab twice over the face shield, including the corners and edges in an overlapping slalom pattern, and at 
the second time perpendicular to the first direction.13 Bacterial swab samples were collected five times from each 
patient, and a total of 330 samples were collected. The sampling process was performed for each patient as follows.

1. Pre-intubation sampling: The anesthesiologists wore a disposable, non-sterile face shield before the induction of 
general anesthesia. The protective film was peeled off immediately after wearing, and a sterile cotton swab was 
used to collect a sample from the surface of the face shield.

Figure 1 Face shield.
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2. Process of anesthetic induction and post-intubation sampling: After standard monitoring including pulse oximetry, 
non-invasive blood pressure monitoring, and electrocardiography, resident anesthesiologists performed preoxy-
genation using Westmed 900 Series Anesthesia Masks (Westmed, Inc. Tucson, Arizona, U.S), and assistant nurses 
administered 2 mg/kg of propofol and 0.5 mg/kg of remifentanil for anesthetic induction. When the patient’s loss 
of consciousness was confirmed, 6 mg/kg of rocuronium was administered, and anesthesiologists performed 
positive pressure mask ventilation. After the patient was sufficiently relaxed, endotracheal intubation was 
performed using a KoMAC videolaryngoscope (KoMAC Co., Ltd., Seoul, Republic of Korea). 
Anesthesiologists confirmed the success of intubation through chest auscultation. During this procedure, the 
anesthesiologists were not allowed to touch the face shield and the investigator monitored for any inadvertent 
touch. If a touch or other contact occurred, the patient was excluded from the study. After the intubation procedure, 
the investigator used a sterile cotton swab to collect the sample from the face shield surface in the same manner as 
pre-intubation sampling. General anesthesia was maintained with 3–7% desflurane and remifentanil infused 
throughout the surgery. Thirty minutes before the end of surgery, 0.5 μg/kg of fentanyl was injected for post-
operative pain control.

3. Pre-extubation sampling: When the operation was completed, the anesthesiologists wore a new face shield before 
the emergence of the patients. Immediately after removing the protective film from the face shield, the investigator 
sampled the surface with a sterile cotton swab.

4. Process of extubation and post-extubation sampling: The anesthesiologists performed endotracheal tube and oral 
suction, after which the anesthetic agents were discontinued. Endotracheal “awake” extubation was performed 
when the patient responded to the command to open their eyes, and spontaneous breathing was confirmed. After 
the removal of the endotracheal tube, a Westmed 900 Series Anesthesia Mask was applied to the patient, and 
the anesthesiologists checked the patient’s consciousness, spontaneous breathing, and vital signs until stable After 
the extubation, additional oral suction was performed at the discretion of the anesthesiologists. Throughout the 
process, any unintentional touching was monitored carefully, and sampling was performed in the same manner as 
mentioned above. Coughing during the extubation process, if any, was also recorded.

5. Positive control sampling: After extubation, post-extubation positive control samples were collected using a sterile 
swab from the endotracheal tube tips.

The swabs were placed in a transport medium (AM608-2S, Asan pharm Co.,Seoul, Korea) and delivered to 
Samkwang Medical Laboratories (Seoul, Korea) in a refrigerated state on the day of the procedure. After mixing the 
solid medium with a cotton swab, the inspectors streaked the medium onto the blood agar and MacConkey agar plate and 
incubated it at 37°C for 48 h. The results of bacterial growth were reported as the number of colony-forming units (CFU) 
in all samples. Any growth of CFU ≥ 1 was classified as a positive colony forming unit (CFU+). Identification of specific 
bacterial species was not attempted to avoid further clinical intervention of the patients and anesthesiologists.

The primary outcome of this study was whether bacterial exposure (reported as CFU+) occurred during endotracheal 
extubation; therefore, the rate of CFU+ was compared before and after extubation. The secondary outcome was bacterial 
exposure during endotracheal intubation, which was presented as the rate of CFU+ before and after intubation. Bacterial 
exposure was also evaluated in a subgroup of patients who coughed during endotracheal intubation and extubation.

Statistical Analysis
Considering that there was a 17% or greater chance of exposure to droplets or blood to medical personnel during various 
surgeries and procedures,8,14,15 this study assumed a 17% increase in the CFU+ ratio to be a significant difference (power 
0.80, type 1 error rate 5%). The sample size to confirm the 20% difference was 60 patients; therefore, 66 patients were 
sampled before and after the procedures, considering 10% dropouts.

CFU+ and positive exposure rates before and after the procedure were analyzed using the chi-square test. The correlation 
between the number of coughing episodes and the CFU count was analyzed using Pearson’s correlation analysis. Statistical 
analyses were performed using SPSS Statistics 26 (SPSS Inc. USA). Statistical significance was set at P < 0.05.
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Results
In the study, there were no excluded cases of unintentional touch to the face shield, and a total of six resident 
anesthesiologists performed 66 endotracheal intubation and extubation processes in 66 patients. Two of these patients 
had asthma, and one patient had a history of old pulmonary tuberculosis.

During the process of anesthetic induction, 14 patients exhibited coughing after remifentanil bolus injection, and there 
was no bacterial growth in either pre- or post-intubation bacterial cultures. In all cases, endotracheal intubation was 
successful on the first attempt.

During the process of extubation, although there was no bacterial growth in the pre-extubation samples, 15.2% of the 
post-extubation samples were CFU+ (0/66 [0%] vs 10/66 [15.2%], p=0.001). CFU+ in the post-extubation positive 
control sampling was 98.5%. A total of 47 patients exhibited coughing during the process of extubation, and bacterial 
growth was observed only in these patients. In this subgroup where patient coughed, CFU+ was different after extubation 
compared to before extubation (0/47 [0%] vs 10/47 [21.3%], p=0.001). Among these 47 patients, two patients exhibited 
coughing during endotracheal suction, 36 patients after the extubation, and the remaining nine patients both during 
endotracheal suction and after extubation. After the removal of the endotracheal tube, oral suction was performed in 61 
patients at the discretion of the anesthesiologists. Median (interquartile range) number of coughing episodes in the 
subgroup with coughing was 3.0 (1.0–4.0), and there was a correlation between the number of coughing episodes and the 
CFU count (P < 0.01, correlation coefficient= 0.403). The number of CFU in pre- and post- extubation samples is 
presented in the Table 1. Hypoxia, with oxygen saturation lower than 90%, did not occur during the extubation process in 
this study, and none of the anesthesiologists who participated in this study experienced symptoms of respiratory tract or 
facial infection during the study period.

Discussion
This study demonstrates the bacterial exposure to the face of anesthesiologists during the patient awakening process after 
general anesthesia, including endotracheal extubation and oral suction procedures. This result is meaningful in that it 
directly quantified bacterial exposure on the anesthesiologist’s face and showed that the extubation procedure carries 
a potential risk of infection. In particular, the CFU count confirmed by bacterial culture was correlated with the number 
of coughing episodes during the process of extubation, implying the importance of coughing for bacterial exposure 
during this procedure. In contrast, during the general anesthetic induction process, including positive-pressure mask 
ventilation and endotracheal intubation, we could not confirm bacterial exposure to the anesthesiologist’s face.

In our study design, “awake” endotracheal extubation was performed when the patients were fully alert and able to 
respond appropriately to anesthesiologists’ commands, which increased the potential risk of post-extubation coughing. 
Coughing produced the greatest number of aerosol particles among six respiratory activities, including quiet breathing, 
talking, exercise, shouting, and forced expirations, particularly increasing the particle count 370.8-fold compared with 
quiet breathing.16 Recent studies that quantified the amount of aerosol generation during general anesthesia have shown 
that patient coughing during extubation increased the amount of aerosol generation,10–12 which is consistent with our 
study result that all positive bacterial exposure belonged to extubation cases with patients coughing, and the CFU count 
was correlated with the number of coughing episodes. According to previous studies,9,11,12 endotracheal extubation 
produces aerosols, but the amount was comparable to or less than that of coughing. Therefore, based on our study, 
coughing during the process of extubation could be considered an important factor in bacterial exposure during this 
procedure. Tight mask sealing using an anesthetic facial mask after the extubation could potentially reduce dispersion of 

Table 1 Number of Bacterial Colony-Forming Unit (CFU) Count in Pre- and Post- 
Extubation Samples Taken from the Anesthesiologist’s Face Shield

No Growth 1–15 CFUs 16–30 CFUs > 31 CFUs

Pre-extubation 66 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Post-extubation 56 (84.8%) 6 (9.1%) 3 (4.5%) 1 (1.5%)
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droplets. However, during the process of extubation, the face of the anesthesiologist can be exposed to patient coughing 
induced either by endotracheal tube suction or oral suction after the removal of the endotracheal tube.

Regarding endotracheal intubation, our study did not find any evidence of bacterial exposure to the anesthesiologist’s 
face during the procedure. The results of previous studies on whether this procedure is aerosol-generating are incon-
sistent. While Dhillon et al found that the aerosol concentration was 12 times greater than the baseline during the entire 
anesthesia induction procedure (passive oxygenation, bag mask ventilation, tube insertion),10 intubation generated only 
slightly more aerosol than the baseline in another study.9 In our study, bacterial growth was not observed during the 
anesthetic induction process, even in cases with coughing. During the induction, we used a facial mask for preoxygena-
tion and positive pressure ventilation, and the mask placed between the anesthesiologist’s face and the patient’s mouth 
could be one of the possible reasons for preventing bacterial exposure during this procedure. Considering that coughing 
can produce aerosols even under continuous positive airway pressure and high-flow nasal oxygenation ventilation,17 tight 
mask sealing and minimizing air leaks are still important during anesthetic induction.

During the COVID-19 pandemic era, as airway maneuvers are recognized as a source of infection, careful airway 
management techniques to reduce the transmission of infection sources have become more important.18 Medical 
personnel are usually unaware of patients’ body fluid exposure during the procedures, but various medical procedures 
have the potential to expose health care workers to body fluids and pathogens. Blood spatter and body fluid splashes on 
protective glasses and masks during various surgeries have been reported previously.14,15 Anesthesiologists also can be 
easily exposed to blood or secretion from the patient’s upper respiratory tract and stomach, which can be a carrier of 
pathogens.19,20 The incidence of post-extubation cough was reported to be 10–100%,21,22 and considering the importance 
of coughing during extubation, the use of appropriate PPE is essential for anesthesiologists in this procedure. Strategies 
to reduce the incidence of coughing such as “deep” extubation technique,23 or maintenance of low dose opioid24,25 during 
extubation have been attempted. However, these methods may not be effective for preventing coughing and could even 
be dangerous for some patient subpopulations such as those with a difficult airway. The anesthesiologists must prioritize 
the patient’s safety during the process of awakening and extubation. Therefore, the use of standard PPE including high 
particulate filtering respirator is strongly recommended for this procedure.26,27

This study had some limitations. First, we only investigated bacterial exposure and did not identify specific bacterial 
species. Exposure to viruses or other microorganisms was not investigated either. The relationship between the 
transmission of normal commensals and actual infection is not clear, and whether simple facial exposure leads to the 
transmission of disease or not may depend on additional processes such as droplet inhalation or mucosal penetration by 
the pathogens. Therefore, it is difficult to generalize the results of this study to the general mechanism of pathogen 
transmission. Second, we considered the entire process, from endotracheal tube suction to confirmation of the patient’s 
stability after the endotracheal tube removal, as a single process of extubation. As bacterial swabbing was not performed 
immediately after endotracheal tube suction, it is not clear which specific procedure caused bacterial exposure. 
Furthermore, after the removal of the endotracheal tube, it is very difficult to clearly differentiate between spontaneous 
coughing and that induced by oral suction.

Conclusions
In conclusion, this study demonstrated the possibility of bacterial exposure during patient awakening after general 
anesthesia. This exposure can pose a potential risk of infection for anesthesiologists. In addition, coughing during 
extubation appears to play an important role in bacterial exposure during the procedure. Based on the results of our study, 
appropriate use of PPE is highly recommended for healthcare workers during this procedure.

Abbreviations
CFU, colony forming unit; PPE, personal protective equipment.
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