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ABSTRACT

Introduction Difficult airway management is closely
related to the safety and quality of medical care. However,
the low incidence of correct prediction of difficult airway
in clinical screening tests presents physicians with a
dilemma. Depressed airway neuromuscular tension during
sleep and anaesthesia tends to cause collapse of fragile
parts of the upper airway. Although previous studies

have confirmed that anterior cervical tissue thickness

is associated with difficult airways, there is no evidence
to support a correlation between a difficult airway and
specific patterns or findings of anaesthesia-induced airway
collapse. Thus, this study aims to examine changes in
airway dimensions before and after induction of general
anaesthesia to explore whether it could provide useful
information regarding the specific anatomic changes
occurring which may cause difficult airways.

Methods and analysis This will be a single-centre
prospective observational single-blinded study, conducted
in a tertiary teaching hospital in Guangzhou, China.
Subjects will be recruited from patients (aged 18-65
years) scheduled for elective surgery under general
anaesthesia. Sonographic measurement will be performed
to detect changes in the thickness of the anterior cervical
soft tissue before and after anaesthetic induction. Based
on the resulting data distribution, analyses will initially
compare these changes using a paired t-test or the
Wilcoxon signed-rank test. The correlation of sonographic
changes and Cormack-Lehane grade will be evaluated
by using receiver-operating characteristic curves to
detect the sensitivity and specificity of a measurement for
detecting difficulties. Linear stepwise regression analysis
will be used to assess the correlation between airway
changes and demographic variables as well as clinical
tests.

Ethics and dissemination Ethical approval has been
obtained from the Ethics Committee of the First Affiliated
Hospital of Guangzhou University of Chinese Medicine
(ZYYECK (2018) 041). The results will be disseminated
through conference presentations, professional journals
and peer-reviewed publications.

Trial registration number ChiCTR1900021123; Pre-
results.

Strengths and limitations of this study

» No previous study has used ultrasound to investi-
gate upper airway changes following anaesthetic
induction.

» The study will explore new indicators that can pro-
vide insight into the theoretical basis for dynamic
risk assessment of difficult airways.

» The trial will recruit both easy and difficult laryngos-
copy subjects, which can provide information useful
for evaluating the difference between difficult and
normal airways.

» Patients with indications for awake and/or spon-
taneous breathing airway management technique
will be excluded, and patients with unexpected and
complicated difficult airway management will be
withdrawn from the study; although this might cre-
ate a potential selection bias, this will ensure patient
safety and compliance with the American Society
of Anesthesiologists’ principle of difficult airway
management.

» The repeated measurement design uses each indi-
vidual as its own control, which overcomes the bias
caused by individual variation; however, the influ-
ence of measurement time on observation results
is not considered.

INTRODUCTION

Airway management is critical in medical
intervention and is a prerequisite for
successful treatment and rescue. However,
in some cases, repeated attempts to perform
laryngoscopy or intubation lead to lack of
adequate oxygen delivery to the brain and
other vital organs, which can threaten patient
safety.’ In 2016, we conducted a large-scale
survey of airway management in China,
which showed that 73% of anaesthesiologists
were concerned about difficult airways, 36%
experienced emergency airway rescue, and
in 14% of hospitals, death or brain injury
were caused by difficult airways. Although
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airway managementrelated severe complications in
anaesthesia are rare, they can result in serious patient
harm.” * According to the survey data obtained in the
fourth National Audit Project of the Royal College of
Anaesthetists and Difficult Airway Society project (NAP4),
the incidence of ‘cannot intubate, cannot oxygenate’ is
less than 1 in 5000 in general anaesthesia; however, the
combined rate of death and brain damage in such cases
constitutes up to 25% of all major complications. Among
these adverse events, hypoxia is the most common cause
of airway-related deaths.”*

Obstruction of the upper airway is a relatively common
complication during sleep and anaesthesia.” Even
topical anaesthesia of the oropharynx tends to increase
the frequency of obstructive sleep apnoea (OSA).° The
mutual narcotic mechanism of sleep and anaesthesia is
thought to trigger the bistable thalamocortical switch that
controls consciousness.” At or approaching the moment
of loss of consciousness, local electromyographic activity
abruptly decreases to a nadir, accompanied by an increase
in mask pressure.® Such problems often occur because
the tendency for a loss of pharyngeal patency is related to
anatomical factors,8 which also make intubation difficult.®

The framework of bone and cartilage on the upper
airway ensures respiratory tract patency. However, the
pharynx, a soft tube composed mainly of muscles and
lacking in bony or cartilaginous scaffolds, provides the
anatomical basis for collapse during inhalation. Due to
the role of the thoracic and abdominal muscles during
inhalation, the pleural cavity is enlarged, the pressure
of the pleural and pharyngeal cavity is reduced, and the
whole respiratory tract is in a negative pressure state.
When the negative pressure exceeds the critical pressure
that can be withstood by the pharyngeal airway wall, the
airway may collapse, especially in individuals in whom
the tract is already narrow due to compression of tissue
around the pharynx.” '

Accurate prediction of a difficult airway is the first
step towards avoiding potential complications. Preoper-
ative unspecified airway assessment is recommended by
the American Society of Anesthesiologists (ASA) and
NAP4, as well as by many international airway manage-
ment guidelines.'’ Whenever feasible, airway history and
physical examination should be conducted in all patients;
based on the anticipated likelihood of airway difficulty,
such as that in patients with OSA, the ASA strongly
suggests conducting additional evaluations.'

The observed incidence of unexpected difficult airways
depends on the tests performed. Unfortunately, low
sensitivity and high variability significantly decrease the
value of the commonly used clinical screening test as a
reliable clinical diagnostic approach.'”” A Danish retro-
spective study revealed that 93% of difficult intubation
and 94% of difficult mask ventilation cases were unantic-
ipated; at the same time, only 25% and 22%, respectively,
of the anticipated cases actually occurred.' A meta-anal-
ysis'” and systematic review'® have found that both single
predictors and combined tests are characterised by

limited discriminative capability, sensitivity and positive
likelihood ratio.

The invisible anatomic lesions (eg, vocal fold cysts)
that may lead to difficult airways could be challenging
to identify in standard preoperative examinations; addi-
tionally, quantitative analysis of the obstacles cannot be
implemented based on clinical signs and symptoms.'’
Various assistive techniques such as endoscopy,'® X-ray
imaging,'CT*"*' and MRI** * have been used to image
both intrinsic and extrinsic pathological changes in the
trachea.** In addition, combining the advantages of
endoscopy and CT, the novel application of virtual endos-
copy in anaesthesia provides a three-dimensional (3D)
‘fly-through’ video of intratracheal anatomy through
reconstructed CT images.” Compared with other supple-
mentary measurements, ultrasound is an effective,
non-invasive, widely available evaluation modality, which
requires no radiation and which can be performed with
little or no patient preparation. Furthermore, it would be
arelatively objective technique and familiar to anaesthesi-
ologists who often conduct ultrasound-guided nerve block
and vascular access, as well as airway management-related
operations (eg, confirmation of endotracheal tube place-
ment and localisation of cricothyroid membrane).* This
measurement allows evaluation of adjacent soft tissue
structures around the collapsible segment, such that
narrowing and flaccidity can be delineated. A strong
correlation has been found between the Cormack-
Lehane score and ultrasound-determined depth from
the skin to the trachea at the level of the thyrohyoid
membrane.”” The use of ultrasound is similar to that of
the upper lip bite test, which is the optimal bedside test
for predicting difficult intubation.'?****

However, not all difficult tracheal intubations are
related to obvious lesions; they can also be derived
from more subtle anatomical tendencies controlled by
muscular tone.” * Depression of the electromyographic
activity of pharyngeal dilator muscles, as well as reduc-
tion of longitudinal tension due to reduced lung volume
during anaesthesia and sleep, cannot offset the intralu-
minal negative pressure during inspiration and the extra-
luminal negative pressure from soft tissue and bone,
thus leading to the occurrence of airway collapse.”® The
vulnerable compliant segments are predisposed to partial
or complete obstruction only when neuromuscular acti-
vation is depressed by a pharmaceutical agent® or when
sleep occurs.” For this reason, obstruction during sleep
and anaesthesia can be identified in only few patients
when they are awake.” Therefore, preoperative ultra-
sound examination may not be able to reveal the impact
of dynamic changes on airflow in the upper airway, thus
limiting its ability to identify potential risks.

There is limited high-level scientific evidence of the
potential role of ultrasound in dynamic detection of
upper airway changes during induction of anaesthesia.
Furthermore, the data obtained do not indicate suffi-
ciently whether these changes are associated with difficult
airway. It is consequently critical that methodologically

2

Dong F, et al. BMJ Open 2019;9:2029782. doi:10.1136/bmjopen-2019-029782



rigorous trials are performed to establish the use of ultra-
sound in assessment of difficult airway during anaesthetic
induction and to provide new ideas and a theoretical
basis for determining the correlation between dynamic
airway changes and difficult airways.

We aim to address this issue in the study proposed here.
Subjects will be recruited from the First Affiliated Hospital
of Guangzhou University of Chinese Medicine, a tertiary
teaching hospital in China. In this institute, nearly 20 000
cases undergo operating room anaesthesia annually, 60%
of which involve general anaesthesia; this can provide
sufficient cases for addressing the critical clinical issues
discussed above.

METHODS AND ANALYSIS

Aim of the current study

To evaluate changes in anterior cervical soft tissue thick-
ness at five anatomical levels (hyoid bone, epiglottis,
cricothyroid membrane, thyroid isthmus and suprasternal
notch) in the upper airway, before and after induction of
general anaesthesia.

To detect whether correlations exist between changes
in ultrasound measurements and mask ventilation pres-
sure, Cormack-Lehane score, demographic variables and
clinical screening tests and to identify the usefulness of
these measurements for assessment of a difficult airway.

Design and setting

The study is designed as a prospective observational
single-blinded study, conducted in a single centre. The
flowchart of this trial is provided in figure 1. The study
will observe patients scheduled for elective surgery under
general anaesthesia in the operating theatre of the First
Affiliated Hospital of Guangzhou University of Chinese
Medicine from February 2019 to January 2020.

Sample size and study power

Sample size is estimated based on a pilot study of 18
subjects. The change in the depth from the skin to the
epiglottis before and after induction of anaesthesia in the
pilot study was 0.22cm=+0.55 (mean+SD). Assuming type
I and type II errors of 0.05 and 0.10, respectively, at least
66 subjects should be enrolled in this study. To adjust for
attrition by dropout, 75 subjects will be recruited into the
study.

Participants

Patients aged from 18 to 65 years, ASA physical status I-II
and scheduled for elective surgery under general anaes-
thesia in operating room will be screened for eligibility.
We will use no sex restriction. The inclusion and exclusion
criteria are provided in table 1. If any subject is thought
to have allergic symptoms or haemodynamic changes, the
corresponding treatment and tracheal intubation will be
given immediately, and the participant will be withdrawn
from the study. If face mask ventilation is inadequate, the
Intubating laryngeal mask airway (ILMA) will be used to

Patients undergoing elective general anaesthesia surgery

criteria S

-t E: ion criteria

Y

Eligible subjects for recruitment

< Written informed consent

Y

Preoperative evaluation

[
] L

Clinical screening tests
Body mass index(BMI)

Demographic variables

Age Mallampati class
Sex Thyromental distance
Race Length of neck

Thickness of neck

L]

Routine monitoring
Electrocardiogram(ECG)
Respiratory frequency
Heart rate(HR)

Blood pressure
Oxygen saturation(Sp02)
Arterial blood gas analysis
Narcotrend index
Train-of-four(TOF) ratio
Mean airway pressure(Pmean)

Y

Ultrasound measurement (T1)
Thickness of the anterior cervical
soft tissues at five levels:
Hyoid bone
Epiglottis
Cricothyroid membrane
Thyroid isthmus
Suprasternal notch

-4 Anaesthetic induction
4

A

Ultrasound measurement (T2)

v

Laryngoscopy

v

Final analysis

Figure 1 Flow chart of the study.

maintain ventilation. After sufficient oxygenation, fibre-
optic-guided intubation through ILMA will be performed.
If the Supraglottic airways (SGA) cannot maintain ventila-
tion and oxygenation, cricothyroid membrane puncture
will be performed immediately. In addition, patients with
unanticipated difficult ventilation or intubation will be
withdrawn from the study.

Observations

Ultrasound measurement

Before (T1) and after anaesthetic induction with loss of
consciousness (T2), airway sonographic measurements
(Navi series, Shenzhen Wisonic Medical Technologies,
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Table 1 Trial Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Age: 18-65years

ASA grade lor I

Undergoing elective surgery
under general anaesthesia

Appropriately NPO

Consent to participate

Pregnant women and
parturients

Indications for awake and/
or spontaneous breathing
airway management
technique

Abnormal pharynx or
anatomy

Preoperative Hct<35%;
Hb<110g/L

Severe cardiovascular or

cardiopulmonary diseases,
hepatic or renal dysfunction

Coagulation disorders
Refusal to participate

ASA, American Society of Anesthesiologists; Hb, haemoglobin;
Hct, haematocrit; NPO, Nil per os (nothing by mouth).

Shenzhen, China) will be performed by an attending
anaesthesiologist, using a linear ultrasound transducer.
Participants will be kept supine, in the sniffing position
throughout the measurement procedure.31 % The probe
will be placed in the submental region of the neck, in the
midline, to measure the thickness of the anterior cervical
soft tissues at five levels (hyoid bone (figure 2A), epiglottis
(figure 2B), cricothyroid membrane (figure 2C), thyroid
isthmus (figure 2D) and suprasternal notch (figure 2E))
in the axial plane. Measurement sites used during the first
measurement will be marked to allow easier positioning
of the probe at the same site in subsequent measure-
ments. The images will be stored on the hard drive of the
ultrasound machine.

Airway pressure measurement

After induction of anaesthesia, routine pressure-con-
trolled face mask ventilation will be administered to the
patient. Concomitantly, the mean airway pressure will be
measured with a variable reluctance diaphragm pressure
transducer (Datex-Ohmeda Aestiva 7100, GE Health-
care, Chicago, Illinois). Difficult mask ventilation will be
recorded.

Laryngoscopy

When the muscle relaxes completely (train-of-four,
TOF % 0), laryngoscopy will be performed by another
attending anaesthetist who is blinded to the results of the
ultrasound assessments. In accordance with a modified
version of the Cormack-Lehane classification system,33 34
the Cormack-Lehane grades 1 or 2a, grades 2b or 3a, and
grades 3b or 4 will be designated as easy, restricted and

difficult laryngoscopies, respectively.

After Before

Figure 2 Ultrasonography axial views at the level of the
hyoid bone (A), epiglottis (B), cricothyroid membrane (C),
thyroid isthmus (D) and suprasternal notch (E), before and
after anaesthetic induction. Consent to publish the figure
was obtained from the patient. A-M interface, air mucosa
interface; CTM, cricothyroid membrane; PES, pre-epiglotic
space; SM, strap muscles.

Anaesthetic induction procedure

Standard monitoring will be performed throughout
anaesthesia to detect clinical vital signs and indicators
related to the depth of anaesthesia (table 2). When the
Narcotrend (MonitorTechnik, Bad Bramstedt, Germany)
reaches stage D2, the second ultrasound measurement
will be made. The induction will be performed as per
standard practice of rapid sequence anaesthesia induc-
tion (see box 1).%

Table 2 Standard monitoring

Clinical vital signs Anaesthesia-related indicators

ECG Narcotrend stages and index
Respiratory frequency Train-of-four ratio

Heart rate Mean airway pressure
Blood pressure

Percutaneous oxygen
saturation

Arterial blood gas measurements
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Box 1 Anaesthetic induction procedure

1. Preoxygenation treatment through a face mask for 3 min.

2. Induction with intravenous propofol 1.5 mg/kg.

3. Surgical analgesia with intravenous sufentanil; infusion at 0.5—1 g/
kg/min, adjusted according to the Narcotrend (stage D2).

4. Neuromuscular blockade with intravenous rocuronium 0.6 mg/kg.

5. Pressure-controlled facemask ventilation with a tidal volume of
8 mL/kg.

6. Endotracheal intubation with a direct laryngoscope.

Outcome measurements

The primary outcome is the changes in the thickness of
the anterior cervical soft tissue between baseline and after
anaesthetic induction. The ultrasound measurement will
be used to evaluate thicknesses at five anatomical levels:
hyoid bone, epiglottis, cricothyroid membrane, thyroid
isthmus and suprasternal notch.

The secondary outcomes include the demographic
variables, clinical screening tests, laryngoscopy results
and anaesthesia-related indicators (table 3). Arterial
blood gas measurements will be examined before and
after anaesthetic induction.

Recruitment and single blinding

The subjects will be recruited from the surgical ward, and
written informed consent will be obtained during the
preoperative visit. The three attending anaesthesiologists
will be blinded to each other’s preoperative evaluation,
ultrasound and laryngoscopy findings.

Patient and public involvement

The protocol of this study was developed and imple-
mented through discussion with a patient and public
involvement (PPI) group in face-to-face conversations
and via messages, emails and phone calls. LS was a
patient scheduled for orthopaedic surgery who served
as a patient adviser. He was consulted on key aspects of

the study design, including the recruitment and dissem-
ination methods, consent form, image data acquisition
and selection of the outcomes. The PPI representatives
read the final protocol prior to the manuscript submis-
sion. In addition to the dissemination to clinicians and
researchers through publication of professional clinical
papers and delivery of academic speeches, key results of
the trial will be disseminated via email to the participants
to encourage further publicity with respect to the results.

Statistical analysis

Data will be analysed using the IBM Statistical Package for
the Social Sciences (SPSS) V.20.0. The Shapiro-Wilks test
will be used to first verify the normality of the sonographic
data before and after anaesthetic induction. According to
distribution sets, these changes will be analysed using a
paired t-test or the Wilcoxon signed-rank test. Compar-
ison of the area under the receiver-operating charac-
teristic curves will determine the correlation between
sonographic airway changes and the Cormack-Lehane
grade, and will be used to assess optimal cut-off scores.
The independent contribution of demographic variables,
clinical screening tests and anaesthesia-related indicators
(table 3) to airway changes will be assessed in a multivar-
iate analysis using forward stepwise multiple linear regres-
sion. For all analyses, a p value <0.05will be considered
statistically significant.

ETHICS AND DISSEMINATION

Written informed consent in both Chinese and English
will be obtained from every participant prior to enrol-
ment. The subjects can voluntarily withdraw from the trial
at any time. Such withdrawal will not affect the medical
intervention provided by the institution. Participants will
be anonymised in the study by a medical identification
code.

Table 3 Outcome measurements

Primary outcome

Sonographic measurements: thickness of anterior cervical soft tissue at five levels

Hyoid bone Epiglottis
Secondary outcomes

Demographic variables

Cricothyroid membrane Thyroid isthmus

Clinical screening

Suprasternal notch

Laryngoscopy results Anaesthesia-related

Tests indicators
Age Body mass index (BMI) Cormack-Lehane grade Mean airway pressure
Sex Mallampati class SpO,

Race

Thyromental distance

Arterial blood oxygen
and carbon dioxide
Pa0O2, PaCO2

Length of neck
Thickness of neck

PaO,, partial pressure of oxygen; PaCO2, partial pressure of carbon dioxide; SpO,, peripheral pulse oximetry.
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The First Affiliated Hospital of Guangzhou Univer-
sity of Chinese Medicine is one of the four national
airway management training bases of the Chinese
Association of Anaesthesiologists. As an academic
and training centre, the department of anaesthe-
siology provides comprehensive operative services
to a large population. It also serves as the primary
teaching site to provide systematic, standardised and
normalised training for medical staff. Many interna-
tional conferences and training courses have been
held in our hospital in conjunction with well-known
universities worldwide. Since 2008, more than 1600
anaesthesiologists, emergency doctors, intensive care
unit doctors and respiratory physicians from 29 prov-
inces and municipalities in China have participated in
an airway management training programme. In 2018,
the director of the department delivered a speech
regarding the status quo of airway management in
China at the conference of the American Associa-
tion of Airway Management. These all provided suffi-
cient preconditions and conditions for validation and
promotion of new technologies.

To date, there has been no previous ultrasono-
graphic study that has observed the morphological
changes in the upper airway before and after induc-
tion of general anaesthesia. Our study will involve
monitoring these changes and analysing the correla-
tion between changes in the upper airway and difficult
airway by regression analysis, to provide a new basis
for evaluation of difficult airways and to explore new
and more effective methods to address this problem. It
will provide novel indicators that can form a basis for
new clinical guidelines in airway assessment. The find-
ings will be published in professional journals and in
peer-reviewed journals. They will be presented at semi-
nars and scientific conferences. The key audience for
dissemination will be anaesthesiologists, emergency
physicians, intensive care unit doctors and sleep medi-
cine physicians in China as well as internationally.
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