
Research Article
Airway Management in Adult Intensive Care Units: A Survey of
Two Regions in China

Sheng Zhang ,1 Jintuan Lin,2 Xiaoyan Diao,3 Wenjian Shi,4 and Lei Huang 1

1Department of Critical Care Medicine, Peking University Shenzhen Hospital, Shenzhen, Guangdong, China
2Department of Critical Care Medicine, Shenzhen Sixth People’s Hospital, Shenzhen, Guangdong, China
3Obstetrics Department, Maternal and Child Health Hospital of Xinjiang Uygur Autonomous Region, Urumchi, Xinjiang, China
4Department of Anesthesiology, People’s Hospital of Xinjiang Uygur Autonomous Region, Urumchi, Xinjiang, China

Correspondence should be addressed to Lei Huang; hl0248@outlook.com

Received 27 January 2022; Revised 14 August 2022; Accepted 3 November 2022; Published 21 November 2022

Academic Editor: Leonardo Roever

Copyright © 2022 Sheng Zhang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The critical medicine residency training in China started in 2020, but no investigation on the practice of tracheal intubation in
ICUs in China has been conducted. A survey was sent to the adult ICUs in public hospitals in Shenzhen (SZ) city and
Xinjiang (XJ) province using a WeChat miniprogram to be completed by intensive care physicians. It included questions on
training on intubation, intubation procedures, and changes in the use of personal protective equipment due to COVID-19. We
analyzed 301 valid questionnaires which were from 72 hospitals. A total of 37% of respondents had completed training in RSI
(SZ, 40% vs. XJ, 30%; p = 0:066), and 50% had participated in a course on the emergency front of the neck airway (SZ, 47% vs.
XJ, 54%; p = 0:256). Video laryngoscopy was preferred by 75% of respondents. Manual ventilation (56%) and noninvasive
positive pressure ventilation (34%) were the first-line options for preoxygenation. For patients with a high risk of aspiration,
nasogastric decompression (47%) and cricoid pressure (37%) were administered. Propofol (82%) and midazolam (70%) were
the most commonly used induction agents. Only 19% of respondents routinely used neuromuscular blocking agents. For
patients with difficult airways, a flexible endoscope was the most commonly used device by 76% of respondents. Most
participants (77%) believed that the COVID-19 pandemic had significantly increased their awareness of the need for personal
protective equipment during tracheal intubation. Our survey demonstrated that the ICU doctors in these areas lack adequate
training in airway management.

1. Introduction

Acute airway management is often the responsibility of crit-
ical care and emergency doctors in China. Hence, endotra-
cheal intubation (EI) is a core skill for intensive physicians,
which requires practical training and teamwork.

EI for critical patients always is a routine and dangerous
performance in an emergency room and intensive care unit
(ICU). Critically ill patients are physiologically very different
from patients who undergo intubation in an operating room
(OR) for various reasons, such as the presence of preexisting
hypoxemia, fragile hemodynamic state, metabolic acidosis,
and high intracranial pressure. New data showed that the
incidence of adverse events associated with airway manage-
ment in ICUs was higher by a factor of 55 when compared

with that in ORs [1]. Complications associated with intuba-
tion have been reported to occur in up to 45% of critically ill
patients, with cardiovascular instability occurring in 42%,
severe hypoxemia in 9.3%, aspiration in 3.9%, cardiac arrest
in 3.1%, and cardiac arrhythmia in 5.6% [2]. For critically ill
patients, the main risk of peri-intubation adverse events
arises from the failure of the first attempt at EI, in addition
to “physiologically difficult airway.” An adaptive procedure
should include preintubation patient assessment, preoxy-
genation, rapid intubation procedures, and other recom-
mended measures to improve the intubation success rate
and minimize intubation-related issues. However, there are
some controversies regarding the patient’s position, cricoid
pressure, and the use of neuromuscular blocking agents
(NMBAs) [3, 4].
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Nevertheless, the procedures and complication rates for
managing the emergency airway in the ICU may vary from
one region to another. In particular, residency training of
critical care medicine in China was just established in
2020, and intensivists have different professional back-
grounds; moreover, there is no uniform training program
for airway management in China. Shenzhen (SZ) is one of
the most economically developed cities in China and has rel-
atively adequate medical resources. Xinjiang (XJ) province is
a resource-poor region in western China, and we believe that
these two regions are representative to some extent. None of
the existing clinical observational and cohort studies contain
data from China; therefore, the principal aim of this study
was to investigate routine procedures for intubation in criti-
cal patients (including patient evaluation, drug prescription,
preparation of difficult airway devices, and personal protec-
tive equipment (PPE)) used because of the coronavirus dis-
ease (COVID-19) pandemic and basic airway management
training for ICU physicians in eastern and western China.

In addition, EI poses a very high risk of severe acute
respiratory syndrome coronavirus 2 transmissions, a causa-
tive agent for COVID-19, for healthcare workers, such as
critical care physicians. This virus spreads through droplets,
aerosols, and contact with the mucosa; therefore, appropri-
ate PPE and effective procedures during intubation may
reduce the risk of nosocomial infection [5, 6]. We aimed to
investigate the impact of the COVID-19 pandemic on the
use of PPE and awareness of the need for PPE during EI
among ICU physicians.

2. Methods

2.1. Survey. This survey was designed based on the existing
literature and COVID-19 airway management guidelines
and modified from a small-scale survey in ICUs of SZ, which
was conducted in 2020 by one anesthesia and three intensi-
vists. The study was reviewed and approved by the Ethics
Committee of the Peking University Shenzhen Hospital,
Approval No: IRB of Peking University Shenzhen Hospital
[2021] 057th. These questionnaires were distributed to the
adult ICUs of 107 (including 37 in SZ and 70 in XJ) in gen-
eral, secondary, and tertiary public hospitals through the
WeChat app. It consisted of 23 questions (including 4 mul-
tiple choice questions) with four sections: 3 regarding infor-
mation about the respondents, 3 about airway training, 15
about the procedure of induction and tracheal intubation,
and 2 about PPE use. We defined the associate chief physi-
cians and chief physicians as the senior doctors.

2.2. Survey Population. Participants completed all question-
naires online from March 23, 2021, to May 20, 2021. To
avoid duplication, only one entry was allowed for each
WeChat account. The survey included all intensive care
senior and junior physicians from the selected hospitals.
Participation was voluntary and anonymous, and signed
informed consent forms were obtained from all participants.
Those refusing to participate in the surveys and requiring
assistance from other departments for endotracheal intuba-
tion were excluded from the analysis.

2.3. Statistical Analysis. The responses to the returned ques-
tionnaires were entered into a Microsoft Excel file. Data
analysis was performed using the statistical software SPSS
26.0. The differences in responses between participants from
SZ and XJ were compared using the χ2 test or if very few
physicians selected specific responses, the Fisher exact test.
All comparisons were performed at a 5% significance level.

3. Results

A total of 72 ICUs from the 107 general public hospitals
invited to participate returned the questionnaire; of these,
11 were university hospitals (five from SZ and six from
XJ). Excluding the 129 respondents with non-ICU specialties
and those who did not perform tracheal intubation indepen-
dently, 301 valid questionnaires were received from 32 hos-
pitals in SZ (n = 198, 66%) and 40 hospitals in XJ (n = 103,
34%). Compared to those from XJ, SZ respondents did not
significantly differ in terms of qualification level and ICU
work experience (Table 1).

3.1. Training. A total of 150 (50%) respondents stated that
they had completed the formal airway course and a course
on the emergency front of the neck airway (FONA), and
only 112 (37%) participants had been trained in RSI. There
was no difference in the proportion of those trained between
SZ and XJ (Table 1).

3.2. Assessment. In total, 217 (72%) participants stated that
they routinely performed difficult airway assessments, which
was more common among respondents in SZ than in XJ
(77% vs. 63%; p = 0:012). The risk of aspiration was assessed
by 194 (64%) respondents before tracheal intubation, and SZ
versus XJ was not significantly different (Table 1).

3.3. Preoxygenation and Position. The majority of respon-
dents preferred manual ventilation (n = 156, 68%) and non-
invasive positive pressure ventilation (NIPPV) (n = 103,
34%) as preoxygenation methods. High-flow nasal cannula
oxygen therapy (HFNO) was used seldomly (Table 2).

Table 2 also shows that the supine position was preferred
by all respondents we surveyed. Only 63 (21%) participants
answered that they used a ramped position for patients with
the risk of reduced functional residual capacity (FRC), such
as obese or late-term pregnancy.

3.4. Drugs Used in Intubation. Propofol (n = 2448, 82%) and
midazolam (n = 212, 70%) were the most commonly used
agents for induction, and etomidate and ketamine were
rarely administered (Figure 1) by ICU physicians.

Figure 2 illustrates that most respondents (n = 234, 78%)
chose to administer opioids. The preferred opioids for
induction were fentanyl (n = 109, 36%) and remifentanil
(n = 75, 25%).

Most ICU physicians (n = 245, 81%) replied that they
did not routinely administer NMBAs during induction.
The primary reasons were “not necessary to use NMBAs”
(n = 97, 42%) and “worried about fatal hypoxemia” (n = 52,
23%). Reversal NMBA (e.g., sugammadex) agents were often
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prepared during induction by 53 (33%) of 161 respondents
who administered NMBAs (Figure 3).

3.5. Cricoid Pressure. Approximately half of the respondents
(n = 140, 47%) commonly used nasogastric decompression
to prevent regurgitation or aspiration. Cricoid pressure was
used by 37% (n = 110), and the usage rate of prokinetic
drugs was only 14% (n = 43) (Figure 4).

3.6. Difficult Airway Management. Table 1 shows that a flex-
ible endoscope was the most popular choice (76%) for pre-
paring a difficult airway, and responses were similar
between participants from SZ and XJ (84% vs. 59%; p ≤
0:001). However, XJ respondents preferred to select a laryn-

geal mask (51% vs. 28%; p ≤ 0:001), while SZs were more
likely to receive emergency FONA equipment (55% vs.
34%; p = 0:001).

3.7. Laryngoscope. The majority of intensivists surveyed
(n = 286, 95%) usually employed orotracheal intubation,
and 163 (82%) respondents from SZ used video laryngos-
copy as the first-line choice during intubation, which was
significantly different (p ≤ 0:001) from the practice of doc-
tors in XJ who usually used direct laryngoscopy (43%)
(Table 1).

3.8. PPE. Most respondents (n = 231, 77%) from SZ and XJ
admitted that the COVID-19 pandemic had improved their

Table 1: Type of hospital, qualification, work experience, training, assessment, intubation method, and device available for difficult airway.

Total (%) Shenzhen (%) Xinjiang (%) p value

ICU respondents 301 198 (66) 103 (34)

Type of hospital 72 32 40

University hospital 11 6 5

District hospital 61 26 35 0.552

Level of qualification

Junior 214 (71) 139 (70) 75 (73)

Senior 87 (29) 59 (30) 28 (27) 0.635

Years of work in ICU

1-6 years 174 (58) 114 (58) 58 (56)

≥7 years 127 (42) 84 (42) 45 (44) 0.833

Formal airway management training: yes 150 (50) 99 (50) 51 (50) 0.936

Training of RSI: yes 112 (37) 81 (40) 31 (30) 0.066

Training of emergency FONA: yes 150 (50) 94 (47) 56 (54) 0.256

Difficult airway assessment

Routinely 218 (72) 153 (77) 65 (63) 0.012

Sometimes 75 (25) 39 (20) 36 (35) 0.005

Never 8 (3) 6 (3) 2 (2) 0.720

Aspiration risk assessment

Routinely 194 (64) 132 (67) 62 (60) 0.266

Sometimes 74 (25) 41 (20) 33 (32) 0.030

Never 33 (11) 25 (13) 8 (8) 0.245

Tracheal intubation approach

Orotracheal intubation 286 (95) 186 (94) 100 (97)

Nasotracheal intubation 16 (5) 12 (6) 3 (3) 0.234

The routine choice for laryngoscope glottic view

Video laryngoscope 225 (75) 163 (82) 52 (50) ≤0.001
Direct laryngoscope 59 (20) 25 (13) 44 (43) ≤0.001
Flexible scope 17 (5) 10 (5) 7 (7) 0.719

An available laryngeal mask: yes 108 (36) 55 (28) 53 (51) ≤0.001
An available flexible endoscope: yes 228 (76) 167 (84) 61 (59) ≤0.001
An available device for FONA: yes 144 (48) 109 (55) 35 (34) 0.001

COVID-19 improve the usage of PPE?

Significant 231 (77) 147 (74) 84 (81) 0.154

A little 63 (31) 47 (24) 16 (16) 0.097

Not at all 7 (2) 4 (2) 3 (3) 0.694

Abbreviations: ICU: intensive care unit; RSI: rapid sequence intubation; FONA: front of neck airway; PPE: personal protective equipment.
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Table 2: Position and method for preoxygenation.

Question Number Percentage

Position for preoxygenation

Routine supine position 301 100%

Routine ramped position 0 0

Ramped position for patients with impaired FRC, e.g., obese or late-term pregnancy 63 21%

How to preoxygenate

Nasal tube 2 1%

Face mask 19 6%

Manual ventilation 169 56%

NIPPV 103 34%

HFNO 8 3%

Abbreviations: FRC: functional residual capacity; NIPPV: noninvasive positive pressure ventilation; HFNO: high-flow nasal cannula oxygen therapy.
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Figure 1: What are your preferred sedative medications for induction intubation? Multiple choices.
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Figure 2: Which opioid agents are your first choice as the induction?
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awareness regarding the need for PPE during endotracheal
intubation. This was reflected in the extensive application of
waterproof gowns (64%), goggles/face shields (37%), and
N95 masks (24%), in addition to conventional PPE (Figure 5).

4. Discussion

This is the first survey on the practice of EI by intensive phy-
sicians in China, and residency training is in its early stages.
Our survey demonstrated that equipment availability for dif-
ficult airway management is associated with the medical
resources in both regions, while there was no significant dif-
ference in the level of training between RSI and emergent
FONA. Other major outcomes in our investigation include
less choice of NMABs and inadequate preparation of
difficult airway devices during EI. Additionally, our investi-
gation revealed that the COVID-19 pandemic significantly
improved the operator awareness of PPE requirements dur-
ing EI. In addition to surgical masks, gloves, and hair covers,
they also used waterproof gowns, goggles/face shield, and
N95 masks, which are widely recommended during the
COVID-19 pandemic [7, 8].

EI is a high-risk procedure for critically ill patients, and
relevant complications in the intubation procedure decrease
with improved first-attempt success, shorter intubation
duration, lower risk of aspiration, and well-managed difficult
airway. Meanwhile, a high first-attempt success rate limits
exposure to the transmission of bacteria and viruses during
intubation.

RSI is designed to facilitate rapid tracheal intubation and
control the risk of aspiration. Regarding the actual reduction
of adverse events during peri-intubation and the improve-
ment of first-pass success, however, there is an ongoing
debate [9, 10]. Current evidence showed significant variation
and modifications in the RSI technique, including optimal
position and respiratory support methods for preoxygena-
tion, new inducing agents, and muscle relaxants [11].
Modified RSI is far from classical procedures, but the prin-
ciple is widely accepted and was the recommended
method for EI during the COVID-19 pandemic [12].
Our survey demonstrated that 50% (n = 150) of ICU phy-
sicians had formal airway training and 37% had RSI train-
ing, which is lower than UK anesthesiologists [13] and
similar to Australia and New Zealand [14].

46% 35%

19%

33%

67%

Yes
No

Never
Sometimes
Routinely

Figure 3: (a) Do you use neuromuscular blocker agents (NMBAs) for tracheal intubation? (b) Do you prepare reversal agents for NMBAs?
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Figure 4: Which strategies are your choice to avoid regurgitation/aspiration? Multiple choices.
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Airway assessment, including the assessment of the risk
of difficult intubation and aspiration, is essential before
induction. Our survey revealed that 64% of doctors routinely
assessed the aspiration risk, and 72% assessed the difficult
airways. Although anatomical evaluation of the airway in
critically ill patients is often difficult because of the scarce
and unstable functional reserve, prior assessment of the air-
way (absent in 22.8%) is proposed even in emergencies [15].

Hypoxemia is a common and severe complication dur-
ing intubation in critically ill patients and may increase the
risk of cardiac arrest and death. Although the classical RSI
suggests that positive pressure ventilation should be avoided
during induction, increasing evidence has proved that
NIPPV was more effective than usual preoxygenation in
improving oxygen saturation and reducing the incidence of
severe hypoxemia [16, 17]. A multicenter, randomized,
open-label trial stated that noninvasive ventilation was
equivalent to HFNO use for preoxygenation in patients with
mild respiratory failure but maybe better than HFNO use in
patients with a PaO2/FiO2 ratio < 200mmHg [18]. There-
fore, HFNO and NIPPV are recommended for airway man-
agement in ICUs for patients with acute hypoxemia, and
NIPPV should be the preferred option for patients with
severe hypoxemia [15, 19, 20]. In light of this, it is reasonable
that our responders’ first-line rescue strategies for preoxy-
genation before intubation were NIPPV (34%) and manual
ventilation (56%).

The ramped position has been shown to improve blood
saturation in both obese and nonobese patients with
impaired FRC [21, 22] and reduce the risk of aspiration
[23]. Although there is some contention regarding whether
the ramped position is associated with increased intubation
difficulty compared to the sniffing position [24, 25], current
guidelines remain to recommend a head-up position for pre-
oxygenation, especially in patients at high risk of aspiration

or desaturation [15, 19, 20]. Our survey found that only a
minority of ICU physicians adhered to the recommendation
for the use of the head-up position, which may be attribut-
able to the relatively low proportion of overweight patients
in China.

Aspiration is another major complication that should be
avoided. Our responders preferred nasogastric decompres-
sion to reduce aspiration (47%) rather than cricoid pressure
(37%), which is parallel to the results of the INTUBE study
[2, 13]. In the classical RSI, the Sellick maneuver (cricoid
pressure) is a basic method used to prevent aspiration. How-
ever, the largest randomized trial did not find any superior-
ity in performing cricoid force in patients undergoing
anesthesia with RSI [26], and this manoeuver can deteriorate
the visual field for laryngoscopy and require a specific train-
ing to accomplish [27]. Furthermore, during induction for
patients with COVID-19, the risk-benefit of applying cricoid
pressure should be carefully considered as it can stimulate
coughing; therefore, it is no longer mandatory as per the
guidelines for difficult airway management and patients with
COVID-19 [15, 28, 29].

Nasogastric decompression seems to be a simple and
affordable intervention to evacuate gastric contents to
reduce the risk of regurgitation/aspiration; but there are only
limited data about the requirement for a gastric tube before
anesthesia induction and the appropriate gastric tube man-
agement in RSI [13].

The peri-intubation cardiovascular collapse was the
most common adverse event in the INTUBE study.
Although ketamine was the first-line recommendation for
hemodynamic instability patients during intubation due to
its superior hemodynamic effect [30], a recent prospective
randomized single-center study reported that for emergency
EI, etomidate was comparable to ketamine in the 28 mortal-
ity rate. Nevertheless, propofol and midazolam were the
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Figure 5: Which personal protective equipment (PPE) do you often use during intubation for the past year? Multiple choices.
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most frequently prescribed as induction agents [31, 32], and
our investigation revealed a similar outcome, with lower
rates of ketamine and etomidate use. This may be attribut-
able to the fact that ketamine is currently unavailable in
China, as well as concerns regarding etomidate’s adrenal
suppression in sepsis patients.

Opioids are not the classical induction agents during
RSI, but they could reduce the cardiovascular response to
laryngoscopy, the dose of other induction agents, and
intracranial pressure fluctuations. 74% of our respondents
indicated that they administered opioids; this result is
slightly more than the choice of ICU physicians in other
countries (51%) [2]. Opioids have also been recommended
for awake EI for difficult airways [33] owing to high levels
of patient satisfaction and low risk of oversedation and
airway obstruction [34].

In comparison to other nations’ survey data, we discov-
ered that just 19% of intensivists routinely prescribed
NMBAs in RSI, which is the key difference. The use of
NMBAs is recommended in airway management guidelines
developed by anesthesiologists as it facilitates intubation in
ICUs to increase first-attempt intubation success rates [5,
28, 29, 35]. Although two systematic reviews found that
the use of NMBAs can improve the conditions for EI and
reduce number of difficult airway and intubation complica-
tions [36, 37], there are misgivings regarding the use of
NMBAs in critically ill patients. First, current evidence from
emergency departments and ICUs is still sparse. Second,
given the physiologically difficult airway of critically ill
patients, the clinicians are afraid of a “cannot intubate, can-
not ventilate” scenario and secondary fatal desaturation.
Therefore, patients who are at risk for refractory hypoxemia,
difficult intubation, and problematic ventilation (facial mask/
supraglottic airway SGA) should undergo awake intubation
rather than NMBAs [38]. However, we must highlight that
awake intubation in individuals with hypoxemia requires the
cooperation of the patient, or else the patient may get agitated
[30]; thus, a highly trained and skilled team is required. More
high-quality RCT studies are needed to evaluate the safety of
NMBAs in the airway management for critically ill patients.
Meanwhile, due to the increased risk of coronavirus for
healthcare workers during intubation, clinicians were sug-
gested to apply the NMBAs and avoid performing awake intu-
bation in patients with COVID-19 [28, 29, 39].

If there is concern about being unable to ventilate during
the apneic time, the availability of sugammadex, a drug that
rapidly reverses the effects of steroidal NMBAs [40], may
render rocuronium a more attractive option for optimizing
intubating conditions. However, the high cost limits its
application.

Surveys on the use of NMBAs in ICUs have shown sig-
nificant variability across countries [2, 14, 31, 41]. In our
survey, a large proportion of participants replied that they
did not adopt NMBAs because they did not feel the necessity
(43%). We speculate that the large use (75%) of video laryn-
goscopy (VL) may contribute to intensivists’ confidence in
the first-attempt success of intubation, which is significantly
higher than the data from other countries [2]. Although a
large multicenter randomized controlled trial performed in

ICU reported that a combo VL compared to DL did not
increase the first-attempt success rate [42], which was con-
sidered to be due to inadequate training of operators in fur-
ther analysis, the recent systematic review elucidated that
VLs were likely to reduce the rate of failed intubation and
result in a higher rate of successful intubation on the first
attempt with improved glottic views [43]. Furthermore, VL
provides conditions for reducing the spread of aerosols dur-
ing intubation. Therefore, the current guidelines highlight
that a video laryngoscope should be available [5, 33] and
considered as a first-line option for all intubations of criti-
cally ill patients undergoing COVID-19 [6, 8, 12]. The dis-
tinction in video laryngoscope use between respondents
from SZ (82%) and XJ (50%), as revealed in our study,
may be explained by the availability of resources.

The incidence of difficult intubation was about 5%, and
the failed EI after two attempts was 4.6% in critically ill
patients [2]. The latest reviews and guidelines emphasize
the importance of having SGAs and FONA kits available
for all patients, especially when a difficult airway is suspected
or intubation has failed [38, 44]. Following successful SGA
insertion and ventilation, fiberoptic-guided intubation via
second-generation SGA is recommended [15]. Our data
showed that just 36% of respondents had access to SGA,
while 48% had access to FONA kits. These devices are also
not common in all ICUs around the world [31].

4.1. Limitations. Our study had some limitations. First, the
surveyed population only included two regions in China,
which limited representativeness. Second, the proportion of
hospitals surveyed in XJ was not as high as in SZ, leading
to a bias. Third, our questionnaire was voluntarily com-
pleted by doctors in the ICU of each hospital, and random
sampling was not used, which may have biased the results.
Fourth, we did not inquire about the checklist preparation
before intubation, which is considered one of the important
steps to improve the success rate of intubation. Fifth, this
study did not collect more information on difficult airway
management, including serial preparation protocols, apneic
oxygenation techniques, and awake EI.

4.1.1. Further Directions. The focus of future research should
be the collection of larger adverse event data and the man-
agement of difficult airways in critically ill patients in China.
The protective effect of nasogastric decompression in
patients with high-risk aspiration merits further evaluation,
and optimal induction drugs should be confirmed by high-
quality, well-powered RCTs, especially in septic patients
undergoing EI. Further clinical practice and studies should
focus on specific procedures and PPEs to protect healthcare
workers performing intubation on critically ill patients, even
in the absence of a pandemic.

5. Conclusions

In this first survey study on intubation practice in Chinese
intensivists from two regions, the findings revealed a consid-
erable scope for improvements in EI training in Chinese
ICUs. Despite some differences in medical equipment
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resources across regions, there was little variation in the
training and practice of EI between SZ and XJ. One of the
obvious results was the low application of NMBAs; there-
fore, it is necessary to establish a quality monitoring system
and guidelines for EI in critically ill patients to strengthen
unified training in China.
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