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Abstract
It is recommended to use visual laryngoscope for tracheal intubation in a Corona Virus Disease 2019 patient to keep the operator
farther from the patient. How the position of the operator affects the distance in this setting is not ascertained. This manikin study
compares the distances between the operator and the model and the intubation conditions when the operator is in sitting position
and standing position, respectively.
Thirty one anesthesiologists with minimum 3-years’ work experiences participated in the study. The participant’s posture was

photographed when he performed tracheal intubation using UE visual laryngoscope in standing and sitting position, respectively. The
shortest distance between the model’s upper central incisor and operator’s face screen (UF), the horizontal distance between the
model’s upper central incisor and the operator’s face screen, the angle between the UF line and the vertical line of the model’s upper
central incisor were measured. The success rate of intubation, the duration of intubation procedure, the first-attempt success rate,
the Cormack–Lehane grade, and operator comfort score were also recorded.
When the operator performed the procedure in sitting position, the horizontal distance between the model’s upper central incisor

and the operator’s face screen distance was significantly longer (9.5 [0.0–17.2] vs 24.3 [10.3–33.0], P� .001) and the angle between
the UF line and the vertical line of the model’s upper central incisor angle was significantly larger (45.2 [16.3–75.5] vs 17.7 [0.0–38.9],
P� .001). There was no significant difference in UF distance when the operator changed the position. Cormack–Lehane grade was
significantly improved when it was assessed using visual laryngoscope. Cormack–Lehane grade was not significantly different when
the operator assessed it in sitting and standing position, respectively. No significant differences were found in the success rate,
duration for intubation, first-attempt success rate, and operator comfort score.
The operator is kept farther from the patient when he performs intubation procedure in sitting position. Meanwhile, it does not make

the procedure more difficult or uncomfortable for the operator, though all the participants prefer to standing position.

Abbreviations: AUF= the angle between the UF line and the vertical line of themodel’s upper central incisor, COVID-19=Corona
Virus Disease 2019, HUF= the horizontal distance between themodel’s upper central incisor and the operator’s face screen, , PPE=
personal protective equipment, SARS = severe acute respiratory syndrome, UF = the shortest distance between the model’s upper
central incisor and operator’s face screen.
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1. Introduction

Corona Virus Disease 2019 (COVID-19) has been spread wildly
and rapidly all over the world.[1] COVID-19 has been a serious
threat to human health and life due to the high mobility and
mortality.[1–3] Based on the existing studies, there is so far no
effective medicine or therapeutics. The COVID-19 patients are
mainly under supportive and symptomatic treatment.[4] Approx-
imately 5% to 14% of the patients with COVID-19 are critically
ill, and 2.3% of them need tracheal intubation for invasive
mechanical ventilation.[2,4–6] Meanwhile, many suspected cases
and confirmed cases are presented to operate room for selected or
emergency surgery. General anesthesia and intubation are
required in these cases.
Intubation is considered a particularly high-risk procedure for

cross infection of COVID-19 in spite of the sufficient personal
protective equipment (PPE).[2,7] The operator has to stay close to
the patient during the intubation procedure, and it is highly likely
that patients might cough and generate aerosol. As we know, 9%
of the operators were infected even though they had good
protective equipment during the outbreak of severe acute
respiratory syndrome (SARS) in Ontario, Canada in 2003.[8]

Similarly, several anesthesiologists in Wuhan has been infected
due to the intubation procedure for the COVID-19 patients,
though the detailed data are not available yet.[9]

It has been reported that the operator can stay a longer distance
from the patient’s airway when visual laryngoscope is used for
tracheal intubation. In this way, the operator gets less affected by
the mouth air from the patient.[10] Thus, visual laryngoscope is
recommended when tracheal intubation is required for COVID-
19 patients.[9,11] However, is it possible to further increase the
distance between the operator and the patient? Will the distance
differ when operator is in different position? In this model-based
simulation study, we compared the distances between the
operator and the patient and intubation conditions when the
operator was in the sitting and standing position. Hopefully, the
results will help to identify the optimal position for tracheal
intubation in COVID-19 patients, which keeps the operators
farther from the droplets and aerosol from the patients.
2. Methods

2.1. Participants

The study was performed in The First Affiliated Hospital of
Guangzhou University of Chinese Medicine during 1 to 9th April
2020. Since no identifiable data were included in this study,
ethical approval was remitted, as indicated by the Ethics
Committee of the institute. Thirty one anesthesiologists with
minimum 3-years’ work experiences participated in the study.
The age, sex, body height, personal preference for intubation
procedure, and experiences in using UE visual laryngoscope and
in certain position (standing or sitting) were recorded.
2.2. Experiment setting

The study was conducted in the post anesthesia care unit. An
“AIRSIM” (Trucorp, Belfast, Northern Ireland) manikin was put
on a standard transportation bed, which was adjusted at 50cm
height (the same height as the general ward bed). The Cormack–
Lehane classification was set to grade 2, which was identified
before the intubation procedure by 3 other anesthesiologists who
did not participate the study. They assessed the airway using
2

Macintosh Laryngoscope and adjusted the AIRSIM tongue
volume by syringe inflation or deflation to set the Cormack–
Lehane classification of airway. All the participants had a 10-
minutes’ training to get familiar with the AIRSIM manikin and
intubation instruments.
2.3. Intubation setting

Participants performed intubation procedure using UE visual
laryngoscope and wearing standard PPE (Fig. 1) in random
sequence by roll dice. Those with a roll of 1 to 3 performed the
procedure in the standing position first, and then in the sitting
position (on a 50-cm-high chair). Those with rolls of 4 to 6
performed the procedure in the reverse sequence. The disposable
blade and tracheal tube were sufficiently lubricated before the
procedure. The screen and handle of the visual laryngoscope were
covered with a sealed disposable ultrasound probe cover to
prevent contamination (Fig. 1). The position of the tracheal tube
was confirmed by the view of carina via a flexible intubating
scope through the tube.

2.4. Main outcomes

Photos were taken when the operator performed the intubation
procedure in standing and sitting position, respectively. Based on
the photos, the shortest distance between the model’s upper
central incisor and operator’s face screen (UF), the horizontal
distance between the model’s upper central incisor and the
operator’s face screen (HUF), and the angle between the UF line
and the vertical line of the model’s upper central incisor (AUF)
were measured using ImageJ software (Fig. 2).

2.5. Secondary outcomes

The success rate of intubation, the duration of intubation
procedure (the time between the insert of the visual laryngoscope
into the mouth and insert of the tube through the vocal cord), and
the first-attempt success rate were recorded. It was recorded as
failure if the operator failed to finish the procedure within 120
seconds. The operator assessed the comfort score using visual
analogue scale. The score was determined by the distance on a 10
cm scale between “very uncomfortable” and “very comfortable,”
providing a score ranging from 0 to 10. The Cormack–Lehane
classification of the airway was identified and recorded again
when the operator performed intubation procedure using UE
visual laryngoscope.
2.6. Statistical analysis

Continuous data were compared by the using paired t test or
Mann–Whitney U test. Proportions were analyzed by using
Fisher exact test or the Chi-squared test. Analyses were
conducted with Prism 8. P <.05 was considered statistically
significant.
3. Results

Thirty one anesthesiologists were included in the study. All of
participants, 13 (41.9%) men and 17 (58.1%) women, had
minimum 3-years’ working experiences. The average age of the
participants was 35.2±6.6. The average body height was 167.5
±6.3cm. All the participants, except 2, were experienced using



Figure 2. Main outcomes measured in different operator positions.

Figure 1. UE visual laryngoscope and standard PPE. PPE=personal protective equipment.
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Table 1

Main outcomes.

Standing intubation
(n=31)

Siting intubation
(n=31) P value

UF distance, cm 31.7 (21.4–44.7) 31.8 (20.8–53.9) .993
HUF distance, cm 9.5 (0.0–17.2) 24.3 (10.3–33.0) .000
AUF, ° 17.7 (0.0–38.9) 45.2 (16.3–75.5) .000

AUF angle= the angle between the UF line and the vertical line of the patient’s mouth, HUF distance=
the horizontal distance between the model’s upper central incisor and the operator’s face screen, UF
distance= the distance between the model’s upper central incisor and operator’s face screen.

Figure 3. The correlation between AUF angle and the operators’ body height
in different position. AUF= the angle between the UF line and the vertical line of
the model’s upper central incisor.
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UE visual laryngoscope to perform tracheal intubation on both
patients and AIRSIMManikin. These 2 participants only had the
experiences using UE visual laryngoscope on patients. All the
participants, except 2, had experiences performing the procedure
in position of both sitting and standing. These 2 participants only
had the experiences in the position of standing. All the
participants preferred to perform the procedure in standing
position.
The main outcomes are presented in Table 1. There was no

significant difference in UF distance when the operator changed
the position. The HUF distance was significantly longer when the
operator performed the procedure in sitting position (24.3 [10.3–
33.0] vs 9.5 [0.0–17.2], P� .001). The AUF angle was
significantly larger at the same time (45.2 [16.3–75.5) vs 17.7
[0.0–38.9], P� .001).
The secondary outcomes are presented in Table 2. The

Cormack–Lehane classification was significantly improved when
it was reassessed by the operator using the UE visual
laryngoscope in both sitting position and standing position.
There was no significant difference in the Cormack–Lehane
classification when the operator was in different positions. No
significant differences were found in the success rate, duration for
intubation, first-attempt success rate, and comfort visual
analogue scale score.
There was a positive correlation between AUF and the

operator’s body height in position of sitting (r=0.537). There
was a negative correlation between AUF and body height when
standing (r=–0.417) (Fig. 3).

4. Discussion

Tracheal intubation is a common procedure performed in the
department of anesthesiology, intense care unit, and emergency.
The operator is at high risk for contacting the droplets and
aerosol from the patient during the procedure,[5,12] which is the
main cause of cross infection.[13] To avoid the droplets and
Table 2

Secondary outcomes.

Standing intubation
(n=31)

Siting intubation
(n=31) P value

Success rate (%) 31 (100.0) 31 (100.0) 1
Intubation time, s 20.7±3.2 22.6±5.4 .098
Cormack–Lehane grade 1/2/3/4 22/9/0/0

∗
18/13/0/0

∗
.288

First-attempt success rate 30 (96.8) 28 (90.3) .612
Comfort VAS score 5.6 (4.0–7.0) 5.9 (4.0–8.0) .150

VAS= visual analogue scale.
∗
P< .0001, compared with the Cormack–Lehane grade that was assessed before the procedure.
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aerosol from the patients’mouth, emerging studies and guidelines
have presented recommendations for the procedure of tracheal
intubation for COVID-19 patients when establishing artificial
airway.[7,9,11,14–16] The operator should wear PPE for sufficient
protection. Muscle relaxants and sedatives should be adminis-
trated, if possible, to ensure sufficient neuromuscular blockage.
Choose visual laryngoscope for intubation as far as possible.
However, the procedure is frequently performed outside the

operating roomwithout muscle relaxants especially in emergency
cases.[17] Even when the muscle relaxants and sedatives are
administrated, the operators are still likely cross infected by the
air from the patient’s mouth.[10] On the other hand, there is no
recommendation for the position of the operator when he is
performing tracheal intubation. In this study, we measured and
compared the distances between the operator and the patient
when the operator performed intubation procedure in position of
sitting and standing, respectively. We also compared the
intubation conditions when the operator was in different
positions. We aimed to investigate if the distances and the
intubation conditions were affected when the operator changed
his position and to find the optimal position for tracheal
intubation procedure on COVID-19 patients.
Since the height of the bed in most wards is 18 to 22 in.,[18] a

20-ins’.’ (50.8cm) high bed was used in our study. The chair
was always adjusted at 50.8cm height throughout the whole
study to ensure the comfort of the operator and the consistency
of the study.
It has been reported that the droplets diffused up perpendicular

to the incisor teeth when the volunteers cough in supine position,
and the average total jet spreading angle is 23.98°.[19] In our
study, the AUF angle is larger than the jet spreading angle when
the operator is in sitting position. It is conversely when the
operator is in standing position (Fig. 4). Together with the
increased AUF angle, HUF distance is also significantly longer
when the operator is in sitting position. To some extent, the
longer HUF distance and the larger AUF angle keep the operator
farther from the range of the droplets’ path (Fig. 4).



Figure 4. The path of the droplets from the patient. A: the AUF angle in sitting
position; B: the average droplets spreading angle; C: the AUF angle in standing
position. AUF= the angle between the UF line and the vertical line of the
model’s upper central incisor.
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At the same time, the UF distance is not significantly different
when the operator performed the procedure in different
positions. That is to say, the optical line didn’t become longer
with the longer HUF distance. The visual laryngoscope makes it
easier for the operator to get a better vision, since the Cormack–
Lehane classification is significantly improved, which is consis-
tent to the other study.[20] Thus, the position of the operator has
no effects on the exposure or view of glottis. Consistently, it is
found in our study that the position of the operator has no effects
on the success rate of tracheal intubation and the duration of
intubation. Given above, it does not make it difficult for the
operator to perform the procedure in sitting position, though all
the participants prefer to perform the procedure in standing
position.
Nowadays, the health care workers usually perform the

tracheal intubation procedure with PPE. The hood is heavy and
the eye patches often fog up. What is more, the operator might be
very nervous when caring COVID-19 patients. All these make it
inconvenient for the operator.[21,22] Based on our experiences
from simulation training and the experiences reported by the
anesthesiologists in Wuhan, it is extremely difficult to perform
tracheal intubation with PPE. The intubation team inWuhanwas
once called perdue, because of the great difficulty and high risk of
the procedure. The operator might feel exhausted after the
procedure.[22] Thus, it is important to make it comfortable as far
as possible. In our study, the sitting position does not make it
uncomfortable for the operator, based on the comfort score.
There are several factors influence the main outcomes of the

study. First, the distances are influenced by the height of the
apparatus. In our study, the bed and the chair were set to the same
height of the bed used in our ward, so as to stimulate the actual
clinical practice. It is expected that the result can be applied to
general clinical situations in emergency ward, clinical apartment,
intense care unit, operation room, etc. Secondly, the distances are
influenced by the body height of the operator. The average body
height of the participants in our study is approximates to that of
5

Chinese adults, according to the latest Chinese nutrition and
chronic disease situation report released in 2020. On the other
hand, we analyze the relationship between the body height and
the AUF angle. It is found there is a positive correlation between
the AUF angle and the body height when the operator is in sitting
position. On the contrast, there is a negative correlation between
AUF angle and body height when the operator is in standing
position. Thus, the operator with higher body height might gain
more advantages when he performs the procedure in sitting
position. Thirdly, there are errors with measurements due to the
photograph bias, which may influence the main outcomes. To
minimize the bias, the participants were in the same site to
perform the procedure and the camera was put in the same site to
take the photograph.
There are several limits in our study. Firstly, this is a manikin

study, which is not fully the same as real clinical practice. To
simulate the general clinical situation, the participants
performed the procedure wearing standard PPE, the bed and
chair were set to the general height, and the Cormack–Lehane
score was set to classification 2. However, the posture of the
operator is likely to vary with the actual height of the bed and
the chair and the various patient characters (such as difficult
airway, body movement, and mobility of cervical spine, etc),
especially when the operator is caring emergency patients with
mental pressure and great tension. Secondly, we only measure
the distances and the angles between the operator and the
manikin. However, coughing and droplets jetting are not
simulated, which is not achievable on the manikin used in our
study. It is also difficult to get these data during actual
intubation procedure due to ethics issues. Thus, we use the data
reported in the literature. Last but not the least, though the
operator is kept farther from the patient with the longer distance
and the larger angle, it is different from actually decreasing the
incidence of cross infection. Farther study is needed to find if
significantly less droplet and aerosol can touch the operator
with the longer distances and the larger angle. Moreover, the
risk of cross infection is determined by multiple factors besides
the exposure to the droplet and aerosol (e.g., if the operator
follows standard procedure to sterilize and undress the suit
afterwards). We would say the longer distances and the larger
angle decrease the possibility of droplets projecting directly to
the face shield, which is a risk of vital transmission.[8]

It is no doubt that PPE is the most important and necessary
measure to protect acquiring SARS-CoV-2 during intubation.
The current guidelines have stated the standard procedure for
intubation in COIVD-19 patients (such as PPE, intubation
instruments, ventilationmode, andmedicine administration, etc).
However, there is no recommendation for the operator position
when performing the procedure. In this study, we find the
operator is kept farther from the patient by easily changing his
positionwith no additional costs. It does not make any difficult or
discomfort for the operator, even though all of participants prefer
to perform the procedure in standing position. Thus, it is worth
considering to perform intubation procedure in sitting position
not only for the COVID-19 patients, but for the patients with
infectious diseases of respiratory tract. Future study should
investigate the efficiency of the sitting position in clinical practice.
5. Conclusions

The operator is farther from the patient when he performs the
intubation procedure in sitting position. Meanwhile, it does not

http://www.md-journal.com
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make it difficult or uncomfortable for the operator despite of his
preference of standing position.
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