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ABSTRACT

Introduction Patients with cervical spondylosis have a high
incidence of difficult airway, and unpredicted difficult intubation
may be life-threatening. Traditional predictors and imaging
data may suggest a difficult airway, but these data have
limited predictive value, with low sensitivity and specificity.
Ultrasonography is a non-irradiating, reproducible, inexpensive
and simple tool that provides good imaging of the cervical

soft tissue for airway assessment. This study will use the new
‘XU-line’ in the dynamic ultrasonographic airway evaluation

of the spatial displacement of the anterior cervical tissues to
determine whether preoperative ultrasonographic assessment
of the neck anatomy can predict difficult airway.

Methods and analysis This prospective, observational study
will be conducted in a single centre. Four hundred and eleven
patients scheduled for anterior cervical decompression and
fusion under general anaesthesia will be recruited. The parallel
trunk reference line through the mentum is defined as the
XU-line, and the spatial displacement of the anterior cervical
soft tissue relative to the XU-line at six anatomical levels in

the transverse plane and two distances in the sagittal plane
will be measured on ultrasonography with the patient in the
supine position and the sniff position. The spatial displacement
distances of soft tissue structures relative to the XU-line will

be compared between the ‘easy intubation’ and ‘difficult
intubation’ groups (in accordance with the Cormack-Lehane
classification). Receiver operating characteristic curves will be
used to determine the sensitivity and specificity of the ‘difficulty
prediction capability’ of each ultrasonographic and physical
measurement. Multiple logistic regression analysis will be
performed to determine the independent predictors of difficult
intubation.

Ethics and dissemination Ethical approval for this study

has been obtained from the Peking University Third Hospital
Medical Science Research Ethics Committee. The results of this
study will be disseminated via a peer-reviewed publication and
national and international conferences and workshops.

Trial registration number ChiCTR2000034446.

INTRODUCTION
Unpredicted difficult intubation may be
diagnosed during laryngoscopy, potentially

," Mingfeng Mao,? Yang Zhou," Wanrui Shi,’ Mao Xu'

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This protocol introduces the novel concept of the
‘XU-line’ (X line on ultrasonography, a reference line),
which enables the measurement of the dynamic
spatial changes in the pre-airway tissue structures
rather than the static thickness of the local struc-
tures described in previous relevant studies.

= This protocol introduces a custom-made coupling
pad that could increase the smoothness of the con-
tact surface between the ultrasound probe and the
neck, increase the overall scanning range and im-
prove ultrasonographic accuracy.

= The application of the ‘XU-line’ during ultrasonogra-
phy to evaluate the airway is non-irradiating, repro-
ducible, inexpensive and easy to perform.

= This study will comprise only patients with cervical
spondylosis, who have a higher incidence of difficult
airway; thereby, increasing the probability of identifying
ultrasonographic clues to predict a difficult airway.

= This will be a single-center observational study, and
the extrapolation of our findings will require further
evaluation.

causing a life-threatening scenario.' If
patients with difficult airway could be identi-
fied earlier, clinicians may be better prepared,
and the success rate of endotracheal intuba-
tion may be increased.”” This is particularly
important in patients with cervical spondy-
losis, who have a higher incidence of diffi-
cult airway. The reported clinical predictors
of difficult airway during laryngoscopy or
intubation comprise the Mallampati score,
upper lip bite test, interincisor distance, neck
hyperextension, thyromental distance, ster-
nomental distance, short neck, abnormal
teeth, history of obstructive sleep apnoea
and neck circumference. Medical imaging
(radiography, CT and MRI) is also used to
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predict difficult airway.” However, these imaging exam-
inations require large pieces of equipment, and real-time
observations are difficult. Therefore, there is a need for a
more convenient examination method to predict difficult
airway perioperatively.

Ultrasonography (US) machines are available in most
modern operating theatres and emergency departments.
As US is non-irradiating, reproducible, inexpensive and
easy to perform,® a growing number of anaesthesiologists
are using US in a variety of applications in daily practice,
especially in airway evaluation. US can be used to esti-
mate the required tracheal tube size, confirm the correct
position of the tracheal tube and laryngeal mask, diag-
nose upper airway pathology, guide percutaneous trache-
ostomy or cricothyroidotomy and predict post-extubation
stridor.” Previous studies have found that a preanaesthetic
ultrasonographic airway assessment is useful in predicting
difficult intubation.*"” The size of the tongue relative to
the oropharyngeal space is an important determinant of
the ease of inserting the laryngoscope blade, and tongue
size is traditionally assessed by the modified Mallam-
pati classification, which has only moderate sensitivity.""
However, US could be used to precisely calculate the
tongue volume (based on the width and cross-sectional
area of the tongue) to assess the tongue size on laryngos-
copy."! Hui et al’ recently showed that the visibility of the
hyoid bone on a quick sublingual US predicts easy laryn-
goscopy, while the inability to visualise the hyoid bone on
sublingual US predicts difficult laryngoscopy.

Despite having the potential to identify patients with
probable difficult intubation, US is still not commonly
used in airway assessment. One reason is that although
several airway ultrasonographic parameters have been
reported as possible indicators of difficult laryngoscopy
in previous studies, there is minimal strong evidence
supporting their validity."’ ' Additionally, a prominent
Adam’s apple (anterior projection of the thyroid carti-
lage) may affect the contact between the US probe
and the anterior skin of the neck, making it difficult to
perform an ultrasonographic examination of the anterior
median cervical airway, especially in men.

In this protocol, we designed a custom-made ultrasono-
graphic coupling pad to increase the area and smoothness
of the contact surface between the ultrasound probe and
the neck. We also use a novel line, the “XU-line’, to assess
the dynamic spatial displacement of the pre-airway tissue
structures during endotracheal intubation. The aim of the
proposed study is to explore whether one or more US indi-
cators can predict difficult airway independently, using the
XU-line.

METHODS AND ANALYSIS

Study design

This is a prospective, observational study conducted in a
single centre. The active protocol at the time of writing
is V.3, 10 July 2021. The flowchart of this trial is shown in
figure 1.

411 patients scheduled for
cervical vertebrae surgery

‘ Preoperative airway evaluation |

| Neutral position | | Extended position |

‘ Ultrasonographic examination ‘

l

| Anesthesia induction, exposure of glottis ‘

‘ Grading of glottal exposure (CL grade) ‘
| |

Normal airway group: Difficult airway group:
CL grade I-lI CL grade llI-1V

| |
}

Comprehensive model of airway assessment:
1. variable selection
2. Fit the prediction model
3. Model evaluation and optimization
4. Cross validation
}

1. Success rate and time of intubation,
adverse events
2. Postoperative adverse events

Figure 1 Study flowchart.

Patient recruitment

The study cohort will comprise patients scheduled for
anterior cervical decompression and fusion under general
anaesthesia in the Peking University Third Hospital,
Beijing, China, from December 2022 to December 2023.

Inclusion criteria

» Age 18-70years.

» Mental competence.

» American Society of Anaesthesiologists physical status
I-111

» Provision of written informed consent.

Exclusion criteria

» Abnormal pharynx or other neck anatomy.

» Any abnormalities causing anatomical changes, such
as facial/cervical fractures, maxillofacial abnormali-
ties, cervical tumours or goitre.

» Patients who are unconscious, severely ill or have
learning difficulties or a mental disability.

After providing informed consent, patients will be
enrolled in the study and anonymised using an identifi-
cation code. Patients will be able to voluntarily withdraw
from the trial at any time.

Sample size and study power

To build a multivariate logistic regression model of the
measurements in the neutral position and sniff posi-
tion, less than five parameters should be included in
the model at the same time. Considering that 8-10
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Figure 2 XU line in the radiographic image: a horizontal line
parallel to the trunk of patient.

outcome events are needed for each independent vari-
able, 50 patients with difficult airway should be enrolled.
Our previous research revealed that the incidence of
difficult airway in patients with cervical spondylosis is
approximately 14.9%-17.1%"* %; therefore, a total of
336 surgical patients should be included in this study.
The future comparison of different prediction methods
will require a 10-fold cross-validation; therefore, we will
enrol additional research subjects to ensure that there
are sufficient numbers for each measurement when 90%
of the subjects are extracted for modelling. Therefore,
373 (336/0.9) patients are needed. After adding 10% to
account for other uncertainties, the estimated number of
cases needed is 411.

Study procedures

Definition of the XU-line

We define the parallel trunk reference line through the
mentum as the XU-line (X line on ultrasonographic
images), by which we will evaluate the spatial displace-
ment of the pre-airway tissue (figure 2). To measure the
distance from the pre-airway tissue to the XU-line, we will
use a custom-made ultrasonographic coupling pad, with
a thickness designed to reach the chin level (figure 3).
The ultrasonographic coupling pad is in the shape of an

e

Figure 3 A custom-made ultrasonographic coupling pad in
the shape of an arch.

arch; its top layer is horizontal, and the bottom layer is
arched to match the shape of the anterior neck, so the
pad can be in close contact with the anterior neck. The
pad can completely cover the entire neck of the patient
from the lower chin to the superior sternal fossa after
appropriate placement. The top layer of the pad matches
the plane of the XU-line. Additionally, the coupling pad
is filled with fluid, which allows ultrasound penetration
to provide a clear image. Our preliminary experiment
showed that real-time clear ultrasonographic images
could be achieved using this coupling pad.

Preoperative evaluation and ultrasonography

The preoperative evaluation and ultrasonographic exam-
ination will be performed the day before surgery by the
same trained examiner to avoid measurement bias. Each
patient’s basic information and medical history will be
obtained. Physical examinations will comprise measure-
ments of each patient’s height, weight and body mass
index. Airway evaluation will comprise the Mallampati
score, neck mobility (degree of flexion/extension from
the midline), upper lip bite test, jaw movement, pres-
ence of prominent incisors, mouth opening, thyromental
distance, sternomental distance, hyomental distance and
neck circumference at the level of the thyroid cartilage.
Then, patients will be placed in the supine position with
their head on a thin pillow, and the custom-made ultra-
sonographic coupling pad will be placed on the patient’s
neck. The curvilinear probe (frequency: 10 MHz,
measurement depth: 5cm) of a portable US machine
(M7 Super; Mindray, Shenzhen, China) will be placed
on the top layer of the pad. The distances will then be
measured from the XU line to anatomical landmarks at
six levels (hyoid bone, thyrohyoid membrane, epiglottis,
vocal cords, thyroid isthmus and suprasternal notch
level) in the transverse plane, and the thickness of the
genioglossus and the lingual-chin distance in the sagittal
plane will be measured with the builtin screen ruler.
Then, patients will change to the sniff position, and the
sane distances will be measured. The anaesthesiologists
performing laryngoscopy and endotracheal intubation
will be blinded to the ultrasonographic findings.

Anaesthetic procedure

Patients will fast for 8hours but will be permitted to
ingest clear fluids until 2hours before anaesthesia. Stan-
dard monitoring (electrocardiography, pulse oximetry
and non-invasive blood pressure monitoring) will be
performed throughout anaesthesia. Equipment for diffi-
cult airway management will be ready for use. Preox-
ygenation will be performed for 3min through a face
mask before the administration of propofol (2mg/kg)
and a neuromuscular blocker (rocuronium 0.6 mg/kg)
intravenously.

Laryngoscopy and ultrasonography
When the anaesthetic depth is sufficient, anaesthesiolo-
gists with more than 5years of experience will perform
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the laryngoscopy and endotracheal intubation. With
the patient in the standard sniff position, a Macin-
tosh curved laryngoscope blade will be inserted while
real-time observation of endotracheal intubation will
be performed by US. Traction and movement of the
thyroid cartilage will be observed as the endotracheal
tube enters the trachea. A maximum of three intubation
attempts will be permitted. A modified version of the
Cormack-Lehane classification will be used to evaluate
the exposure of the glottis."* Patients with Cormack-
Lehane grades I or II will be designated as the ‘easy intu-
bation’ group; patients with Cormack-Lehane grades I11a
(only the epiglottis is visible and liftable), IIIb (epiglottis
adherent to the pharynx) and IV (no laryngeal struc-
tures can be seen) will be designated as the ‘restricted
or difficult intubation’ group. Difficult airway will be
defined as Macintosh laryngoscope Cormack-Lehane
grade III-IV, more than three intubation attempts or
intubation time >10min. If the patient has poor venti-
lation before surgery, slow induction of retained sponta-
neous breathing will be performed, and propofol will be
administered at 1 mg/kg intravenously. If the ventilation
is satisfactory, intubation will be performed after muscle
relaxant administration. If effective ventilation cannot
be maintained, a laryngeal mask airway device will be
used to maintain ventilation. If the supraglottic airway
device fails, cricothyroid membrane puncture will be
performed immediately according to the difficult airway
management guidelines issued by the American Society
of Anaesthesiologists."”

After intubation, the presence of the proper capno-
graph waveform will be used to confirm tracheal intuba-
tion. Then, the position of the endotracheal tube will be
examined by US to determine the distance between the
cuff position and the glottis. The neck will be extended
as much as possible for anterior cervical surgery. After the
appropriate position is achieved, mechanical ventilation
will be performed. The fresh gas flow rate will be 2L/
min, the oxygen concentration will be 50% and the tidal
volume will be 10mL/kg. The respiratory rate will be
adjusted to maintain the end-expiratory CO, concentra-
tion between 35 and 40mm Hg. Sevoflurane inhalation
will be used for anaesthesia maintenance, and remifen-
tanil will be continuously injected intravenously. The
remifentanil dosage will be adjusted based on the blood
pressure, and rocuronium bromide (0.15mg/kg) will be
added as needed. Tramadol 100 mg will be administered
intravenously before the end of the operation. Sevoflu-
rane and remifentanil will then be discontinued, and the
tracheal tube will be removed after the patient awakes
and meets the extubation criteria.

The time required for intubation and the number of
intubation attempts will be recorded. If the Cormack-
Lehane grades is III or IV under Macintosh laryngoscopy,
laryngeal intubation will be assisted by external pressure,
and the Cormack-Lehane grade after pressing the larynx
will also be recorded. The required auxiliary intubation
methods and tools will be recorded. We will also record

the intubation success rate, immediate adverse events,
and haemodynamic changes.

Outcome measures

Primary outcomes

» Ultrasonographic measurements in both the neutral
position and the sniff position: distance from the
XU-line to anatomical landmarks at six levels (hyoid
bone, thyrohyoid membrane, epiglottis, vocal cords,
thyroid isthmus and suprasternal notch level) in the
transverse plane, and the thickness of the genio-
glossus and lingual—chin distance in the sagittal plane.

» Cormack-Lehane grade.

Secondary outcomes

» Body mass index, Mallampati score, neck mobility
(degree of flexion/extension from the midline),
upper lip bite test, jaw movement, mouth opening
(cm), thyromental distance, sternomental distance
and neck circumference at the level of the thyroid
cartilage.

» Time required for intubation, number of intubation
attempts, required auxiliary intubation method and
tools (endotracheal intubation device change, head
and body position change, pressing of the larynx) and
intubation success rate.

» Immediate adverse events (blood on the device,
oropharyngeal abrasions, tooth injuries, lip injuries)
and haemodynamic changes, such as hypotension,
hypertension (blood pressure fluctuation of more
than £20% of the base value), bradycardia (<50 beats/
min), tachycardia (>100 beats/min) and hypoxia
(blood oxygen saturation<92%).

Additional risks to patients

Bedside airway US is noninvasive. Although ultrasonog-
raphy during endotracheal intubation may prolong the
endotracheal intubation time, anaesthesiologists with
extensive experience can successfully establish an artifi-
cial airway before hypoxia and ensure the patient’s safety.
Therefore, this study does not involve additional risks to
the patients, compared with the risks with conventional
general anaesthesia methods.

Data management safety committee

The data management safety committee will comprise
three independent researchers. The researchers will
review all adverse events, participant retention in each
arm of the study and compliance with the study protocol
at weekly intervals.

Statistical methods

Data will be analysed using SPSS V.20.0 statistical soft-
ware (IBM Corp., Armonk, New York, USA). The spatial
displacement of the anterior cervical tissues and the
clinical airway measurements will be compared between
the easy intubation and difficult intubation groups.
Receiver operating characteristic curves will be used to
determine the sensitivity and specificity of the ‘difficult
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prediction capability’ of each ultrasonographic and phys-
ical measurement. Clinical factors associated with diffi-
cult intubation will be determined by univariate analyses.
The y* test will be used for categorical or binary vari-
ables, and the unpaired t-test will be used for continuous
variables. Multiple logistic regression analysis will be
performed to determine the independent predictors of
difficult intubation. Continuous data will be presented
as the mean+SD deviation, and categorical data will be
expressed as frequency (%). For all variables, the p value,
OR and 95% CI will be obtained. P values <0.05will be
considered statistically significant.

Patient and public involvement

This research will be performed without patient involve-
ment. Patients are not invited to comment on the study
design or contribute to the writing or editing of this docu-
ment for readability or accuracy.

ETHICS AND DISSEMINATION

Ethics approval for this study has been obtained from the
Medical Ethics Committee of Peking University Third
Hospital (approval no. M2018159). The results of this
study will be disseminated via a peerreviewed publica-
tion and national and international conferences and
workshops.

DISCUSSION

The strengths of our study are: First, in most previous
studies, US was used only when patients were in the
neutral position.w_18 However, endotracheal intubation
is usually performed when the patient is in the sniff posi-
tion; therefore, the dynamic spatial changes of the pre-
airway tissue structures from the neutral position to the
sniff position appear more meaningful to predict diffi-
cult airway. Wojtczak et al'' found that the tongue—chin
distance when the neck is extended is a more effective
predictor of difficult laryngoscopic exposure than the
distance in the neutral position. Our previous studies also
found that the change in neck range of motion (angle
difference between the neutral and extension positions)
on radiography is a better predictor of difficult airway
than that when using the raw data.'*'® Therefore, in our
study, we will first observe the pre-airway tissue structures
in both the neutral position and the sniff position. Second,
we define a novel line, the XU-line, by which we can
measure the spatial displacements of the pre-airway tissue
structures. Third, considering the influence of a promi-
nent Adam’s apple on ultrasonographic examination of
the anterior median cervical airway, especially in men, we
constructed a new ultrasonographic coupling pad shaped
in accordance with the characteristics of the anterior
neck. This custom-made coupling pad could increase the
smoothness of the contact surface between the ultrasound
probe and the neck, increase the overall US scanning
range and improve US accuracy. Furthermore, to avoid

measurement bias, preoperative US examination will be
performed by the same trained sonographer, and the
anaesthesiologists performing laryngoscopy and endotra-
cheal intubation will be blinded to the preoperative ultra-
sonographic findings. Therefore, this well-designed study
is more likely to provide useful US clues for preoperative
prediction of difficult airway.

The main limitations of this proposed study are: First,
owing to the weight of the coupling pad, the anterior
cervical soft tissue will be compressed after the pad is
placed; therefore, the measured thickness of the ante-
rior cervical soft tissues is not the actual value. However,
the coupling pad is arched, with a thin centre section
and thick sides; therefore, we believe that the change in
the neck thickness caused by the coupling pad can be
ignored. In addition, we will compare the spatial changes
of the soft tissues of the neck in the neutral position
with those in the sniff position while the position of the
coupling pad remains unchanged; therefore, we believe
that the pad will have little effect on the measurement
results. Second, owing to posture variations in different
patients, the coupling pad may not fit perfectly for all
patients. Therefore, we fill the coupling pad with liquid to
achieve maximum fit. Third, this is a single-centre obser-
vational study of people with cervical spondylosis; there-
fore, extrapolation of our findings to other patients will
require further evaluation.

Our protocol is the first to introduce the novel concept
of the XU-line, which enables the observation of dynamic
changes in the pre-airway tissue structures rather than
providing only the static evaluation of the local struc-
tures, as in previous relevant studies. The application of
the XU-line is expected to identify ultrasonographic clues
predicting difficult airway.
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