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Abstract: Objective: To investigate the diagnostic value of ultrasound for predicting occurrence of airway difficulty
in patients undergoing anesthesia. Methods: A total of 273 patients airway difficultyundergoing general anesthesia
admitted to the Department of Anesthesiology, Nanjing First Hospital, Affiliated to Nanjing Medical University from
January 2017 to October 2021 were selected in this prospective study. Among them, 73 suffered airway difficulty
and the airway difficultyremaining 200 did not. Factors relating to the occurrence of difficulty were observed, and
the hyomental distance ratio [HMDR = hyomental distance at the extreme of head extension (HMDe)/hyomental
distance in the neutral position (HMDn)] combined with the distance from skin to epiglottis midway (DSEM) were
further studied for the prediction of airway difficulty occurrence. Results: Multivariate regression analysis revealed
that HMDe, HMDR, and DSEM were factors associated with the occurrence of difficulty (all P<0.05). The specificity
and the sensitivity of HMDR in diagnosing airway difficulty were 0.715 and 0.918 respectively at a cutoff value of
1.245 mm. The specificity and sensitivity of DSEM in diagnosing airway difficulty were 0.959 and 0.767 respectively
at a cutoff value of 22.952 nm. When HMDR was combined with DSEM, the specificity of the diagnosis of airway
difficulty was 0.973, and the sensitivity was 0.904. Conclusion: HMDe, HMDR and DSEM can be used to predict
occurrence of airway difficultyand HMDR combined with DSEM has value in the diagnosis.
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Introduction

Anesthesia safety is one of the clinical prob-
lems to be considered during surgery. Clinical
studies have reported that airway difficultyis a
key life-threatening factor for patients [1] and a
potentially disastrous event that can even lead
death [2]. Therefore, identification of airway dif-
ficulty in patients prior to surgery has important
significance in ensuring a safe surgical proce-
dure. At present, there are many approaches
for identifying airway difficulty [3-5]. However,
none of them has provided precise indexes for
predicting the occurrence of airway difficulty
during anesthesia induction [6]. With the devel-
opment of medical technology, CT and MRI
imaging, which can show the airway and the
surrounding tissues precisely, are being applied
in identifying airway difficulty. Nevertheless,
neither of them is suitable for patients who
need emergent surgery due to either radioac-

tive or expensive with long operating process
[7, 8]. So, ultrasound, which is easy and flexible
to operate, seems to be a better approach for
identifying airway difficulty, as compared with
CT and MRI. With the use of ultrasound, we can
not only visualize airway difficulty, but also mea-
sure indexes that could predict the occurrence
of airway difficulty [9]. It was reported that
application of ultrasound in measuring HMDR
(HMDR = HMDe/HMDn) had certain value in
predicting the occurrence of airway difficulty
[10]. It was also reported that application of
ultrasound in measuring DSEM had certain
value for patients with difficult intubation [11].
Even though a single indicator has certain value
for airway difficulty prediction, its precision and
sensitivity remain to be improved. So far, no
studies have reported the values of combined
HMDR and DSEM in predicting the occurrence
of airway difficulty. Based on these, our study
collected the clinical data of patients who
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underwent scheduled general anesthesia and
analyzed the associated risk factors for patients
who had airway difficulty. In addition, the value
of HMDR combined with DSEM measured by
ultrasound in predicting the occurrence of air-
way difficulty was also analyzed in this study.

Material and methods
General data

A total of 273 patients with airway difficultyun-
dergoing general anesthesia who were admit-
ted to the Department of Anesthesiology,
Nanjing First Hospital affiliated to Nanjing
Medical University from January 2017 to
October 2021 were selected as the airway
study group in thisprospective study. Among
them, 73 developed airway difficulty and 200
did not. These patients were aged from 18 to
65 years, with an average age of 43.2+6.4
years. The study was approved by the Ethics
Committee of the Nanjing First Hospital affiliat-
ed to Nanjing Medical University. Written
informed consents were obtained from all
patients.

Inclusion and exclusion criteria

Inclusion criteria: Patients aged over 18;
Patients who signed the informed consent;
Patients with ASA grade I-lll who were sched-
uled to receive surgery [2] with general anes-
thesia; Patients who were scheduled to take
airway intubation; Patients who agreed to
receive ultrasound to assess airway-related
factors.

Exclusion criteria: Patients with deformity in the
neck, head or maxillary area; Patients compli-
cated by head and neck malignant tumor;
Patients who were scheduled to get surgery for
cervical spine; Patients with incomplete clinical
data.

Methods

Collection of general data and related informa-
tion: First, the personal and clinical data of
patients, including sex, age, weight, height,
body mass index, ASA classification, intubation
history, mouth opening degree, thyromental
distance, modified Mallampati classification,
HMDR and DSEM were collected. Factors asso-
ciated with the occurrence of airway difficulty
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were observed. Approaches used to measure
DSEM: Patients were placed pillow-free in a
supine position. GE-HealthcareVenue4012L-SC
(GE, USA) was placed in a sagittal position at
the middle of left larynx (1 cm to the left along
the middle line) to expose thyroid cartilage and
hyoid bone. The linear hyperechogenicity of the
interface between air and mucosa at the poste-
rior epiglottis was observed below the thyroid
cartilage. The distance from skin to epiglottis
was measured. A high-frequency linear array
probe of color Doppler ultrasound was placed
between the mandibular eminence and thyroid
cartilage. The probe was paralleled with the
sagittal plane of the body but at a perpendicu-
lar angle to the skin. The location of the hyoid
bone was marked on the body after it was
shown by ultrasound. The distance from the
hyoid bone to the mandible, that is the hyomen-
tal distance in a neutral position (HMDn), was
measured with the use of a tape. Then, the
patient’'s head was held in a “sniff” position
with maximum retroversion (shoulders were
still on the bed), and the hyomental distance at
the extreme of head extension (HMDe) was
also measured using the same approach. So,
HMDR = HMDe/HMDn [12].

Definition of airway difficulty: According to the
Management Guidelines for Airway difficulty
2017, airway difficulty is a clinical accident
caused either by difficult respiration when
wearing facial masks or difficult intubation
under the supervision of an anesthesiologist
with at least 5-year clinical experiences, or
the occurrence of both [13]. The American
Association of Anesthesiologists has defined
airway difficulty as making multiple attempts
for intubation of the airway, no matter the pres-
ence or absence of a pathogenic airway [14].

The diagnostic value of HMDR combined with
DSEM for predicting airway difficulty was
observed. See Figure 1 for the workflow of the
study.

Outcome measurement

Relevant clinical data were included for statisti-
cal analysis of factors associated with the
occurrence of airway difficulty.

ROC curve was applied to assess the diagnos-
tic value of HMDR combined with DSEM for pre-
dicting the occurrence of airway difficulty.
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were used to obtain the diag-
nostic probability of HMDR
combined with DSEM, so as
l to evaluate the diagnostic
value of HMDR combined with
DSEM for predicting the oc-
currence of airway difficulty.
DelLong test was applied for
the comparison of diagnostic
l differences in ROC. P<0.05
was considered significant in
two-sided tests.

Enroliment of 273 patients undergoing general
anesthesia from Jan 2017 to Oct 2021

200 patients didn’t occur
with difficult airway

73 patients occurred
with difficult airway

Determination of patients’ general data and measurement data,
including sex, age, weight, height, BMI, surgical ASA grading,
history of intubation, mouth opening degree, thyromental
distance, improved Mallampati grading, HVDR and DSEM

Results

Comparison for differences between the difficult General data
airway group and non-difficult airway group

l The body mass index and

DSEM in the airway difficulty

group were all higher than

those in the non-airway diffi-

culty group (all P<0.05). The

Use of logistic regression model for analyzing risk factors of
difficult airway with the use of measurement data with differences

Application of risk factors that were screened out according
to the logistic regression model on the investigation of the
ROC diagnostic value of difficult airway

mouth opening degree, thyro-
mental distance, HMDe and

Figure 1. Workflow of the study.

Statistical analysis

Data were analyzed using SPSS 17.0 statistical
software. Measured data conforming to a nor-
mal distribution were expressed as mean =+
standard deviation (X + sd), and those not con-
forming to a normal distribution were express-
ed as M (P25, P75). Independent sample t test
was used for measured data conforming to nor-
mal distribution and homogeneity of variance,
expressing as t. Rank Sum Test was used for
measurement data not conforming to normal
distribution and homogeneity of variance,
expressing as F. Enumerated data were ex-
pressed as humber (%) analyzed with Pearson
chi-square test and expressed as chi-square.
Logistic regression analysis was used to ana-
lyze factors associated with the occurrence of
airway difficulty. Univariate analysis was used
to analyze the variables with differences.
Stepwise forward (Wald) method was used for
variable screening, which was used when P<0.1
and excluded when P>0.1. The risk of airway
difficulty was expressed as the odds ratio (OR)
after calibration. ROC curve was drawn and the
area under ROC curve (AUROC) was calculated.
95% confidence interval (95% CI) in addition to
the application of logistic regression model
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HMDR were all lower in the air-
way difficulty group than those
in the non-airway difficulty
group (all P<0.05). So, it was
suggested that body mass index, mouth open-
ing degree, thyromental distance, HMDe,
HMDR and DSEM were the factors that could
predict the occurrence of airway difficulty (all
P<0.05). See Table 1.

Multivariate logistic regression analysis

Multivariate logistic regression analysis reve-
aled that HMDe, HMDR and DSEM were inde-
pendent factors for predicting the occurrence
of airway difficulty (all P<0.05). See Tables 2
and 3.

Diagnostic value of HMDR combined with
DSEM for patients with airway difficulty

The AUC of HMDR for predicting the occurrence
of airway difficulty was 0.763; when HMDR
was 1.245 mm, the Youden index was 0.633,
the specificity was 0.715, and the sensiti-
vity was 0.918. The AUC of DSEM for predict-
ing the occurrence of airway difficulty was
0.829; when DSEM was 22.952 mm, the
Youden index was 0.757, the specificity was
0.959, and the sensitivity was 0.767. The for-
mula, Log(6.121+0.986*HMDR+22.386*DSEM)Y was Used tO
predict the diagnostic value of HMDR combined
with DSEM for airway difficulty. The AUC of
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Table 1. Comparison of general data and possible variables that affect airway difficulty (X + sd, n)

Iltem Airway difficulty group (n=73) Non-airway difficulty group (n=200) X%/t P
Sex 0.001 0.970
Male 48 132
Female 25 68
Age (year) 42.74+6.2 43.847.3 1.145 0.253
Height (cm) 166.54+8.23 164.82+8.15 1.539 0.125
Weight (kg) 66.22+15.82 63.8219.34 1.536 0.126
Body mass index (kg/m?) 24.89+4.22 23.82+3.02 2.315 0.021
Surgical ASA grading 0.375 0.540
Grade I-lI (n) 63 178
Grade I-Il (n) 10 22
History of intubation 2.276 0.131
Yes (n) 69 196
No (n) 4 4
Mouth opening degree (cm) 4.01+0.21 4.21+0.32 4,961 <0.001
Thyromental distance (cm) 6.83+0.73 7.11+0.68 2.952 0.003
Improved Mallampati grading 0.425 0.541
Grade I-ll (n) 53 137
Grade I-ll (n) 20 63
HMDn (cm) 4.44+0.77 4.42+0.62 0.220 0.826
HMDe (cm) 5.03+0.71 5.52+0.67 5.263 <0.001
HMDR 1.15+0.09 1.27+0.12 8.908 <0.001
DSEM (mm) 23.30+£3.34 19.62+2.12 8.874 <0.001

Notes: x> denotes for the result of chi-square test and t for t test. HMDn: hyomental distance in neutral position; HMDe:

hyomental distance at the extreme of head extension; HDMR: hyomental distance rate; DSEM: distance from skin to epiglottis

midway.

Table 2. Assignment of variables that may predict the oc-

currence of airway difficulty

assess the condition of patients’ air-
way before surgery. It has been

reported that there is a 25%-30%
chance of having difficult intubation

if the patient’s airway is not evaluat-
ed before surgery [15, 16]. However,
the occurrence of difficult intuba-
tion in patients after receiving anes-
thesia results in anoxia in the brain or
cardiac arrest within a short period,

Factor Independent Assignment
variable

Body mass index (kg/m?) X1 >24.2=1,<24.2=0
Mouth opening degree (cm) X2 <4.11=1, >4.11=0
Thyromental distance (cm) X3 <6.91=1, >6.91=0
HMDe (cm) X4 <5.23=1, >5.23=0
HMDR X5 <1.24=1, >1.24=0
DSEM (mm) X6 >22.60=1, <22.60=0

thus threatening a patient’s life [17].

Notes: The average values were used as the assignment criteria. HMDe:
hyomental distance at the extreme of head extension; HDMR: hyomental
distance rate; DSEM: distance from skin to epiglottis midway.

HMDR combined with DSEM was 0.911, the
Youden index was 0.894, the specificity was
0.973, and the sensitivity was 0.904. See Table
4 and Figure 2.

Discussion

Airway difficulty is the main cause of failed intu-
bation. Therefore, it is of great importance to
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So, identification of airway difficulty
before surgery is crucial to ensure
successful surgeries.

Our study suggests that BMI, mouth opening
degree, HMDe, HMDR, and DSEM were all fac-
tors contributing to the occurrence of airway
difficulty. Patients with high BMI, namely obese
patients, are susceptible to airway difficulty. It
is also suggested that the correlation of BMI
with the occurrence of airway difficulty is stron-
ger in male patients than that in female patients
[18]. Thyromental distance, the angle between
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Table 3. Results of multivariate logistic regression analysis

Factor B SE Wald value OR value (95% Cl) P

Body mass index (kg/m?) 1.182 0.733 2.762 3.412 (0.892-10.023) 0.135
Mouth opening degree (cm) 0.803 0.802 1.073 2.278 (0.493-10.677) 0.289
Thyromental distance (cm) 0.188 0.721 0.072 0.865 (0.192-3.674) 0.652
HMDe (cm) 1.248 0.685 2.631 2.431 (1.458-4.382) 0.032
HMDR 1.836 0.785 6.782 5.268 (1.569-23.654) 0.021
DSEM (mm) 0.682 0.208 10.823 1.972 (1.278-2.873) 0.001

Notes: HDMR: hyomental distance rate; DSEM: distance from skin to epiglottis midway; SE: standard error; Cl: confidence

interval.

Table 4. Value of each index for predicting the occurrence of air-
way difficulty

HMDR combined

Index HMDR DSEM

with DSEM

Area under curve 76.30% 82.90% 91.10%
Sensitivity 91.80% 76.70% 90.40%
Specificity 71.50% 95.90% 97.30%
Missed diagnosis rate 8.20% 23.30% 9.60%
Missed diagnosis rate 28.50% 4.10% 2.70%
Erroneous diagnosis rate 0.633 0.757 0.894
Positive likelihood ratio 3.22 18.7 33.48
Negative likelihood ratio 0.11 0.24 0.1

Notes: HDMR: hyomental distance rate; DSEM: distance from skin to epiglottis
midway.
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Figure 2. ROC curve of HMDR combined with DSEM for predicting the occur-
rence of airway difficulty. ROC: Receiver Operating Curve; HDMR: hyomental
distance rate; DSEM: distance from skin to epiglottis midway.

pharyngeal axis and laryngeal axis, is another
index with significance for assessing an airway.
However, it was reported that the sensitivity
and specificity of thyromental distance for pre-
dicting the occurrence of airway difficulty were
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poor [19]. HMDe and HMDR
are indexes showing the flexi-
bility of hyoid bone. It was sug-
gested that the flexibility of
hyoid bone had an influence
on the exposure of the glottis
during intubation, and also
that there was a difference in
HMDR between patients with
airway difficulty and those
without (1.21+0.12 vs. 1.36+%
0.14, P<0.001) [20-22]. With
the development of ultra-
sound technology, a clinical
study found that DSEM could
effectively predict the occur-
rence of airway difficulty [23].
According to a study abroad,
DSEM in healthy volunteers is
about (11.442.4) mm [24]. A
domestic Chinese study point-
ed out that significant differ-
ences in DSEM of patients
with or without airway difficul-
ty [25].

In our study, HMDR and DSEM
were used to further predict
the occurrence of airway diffi-
culty. The result showed that
the sensitivity of HMDR at a
cutoff value of 1.245 mm in
identifying airway difficulty
was relatively high (0.918),
while the specificity of DSEM
at a cutoff value of 22.952

mm was relatively high (0.959). The combina-
tion of HMDR and DSEM produced both high
sensitivity and high specificity for identifying
airway difficulty (0.904 and 0.973). A domestic
study showed that the sensitivity and specifici-
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ty for predicting airway difficulty with HMDR
were 0.818 and 0.705, respectively, when
HMDR<1.19 [26]. Another study showed that
the sensitivity and specificity were 0.897 and
0.579 when HMDR<1.22 [22]. According to a
foreign study with only 12 samples, the sensi-
tivity for predicting airway difficulty was 0.860
and the specificity was 0.720 when HMDR<Z
1.24 [27]. In 2018, a study including 120
Indian patients [28] showed that the sensitivity
and specificity for predicting airway difficulty
were 0.750 and 0.853 when HMDR<1.085,
which conforms to the results of this study. A
domestic study showed that the sensitivity and
specificity for predicting airway difficulty with
DSEM>23.6 mm were 0.818 and 0.705,
respectively [25]. A foreign study showed rela-
tively accurate prediction of airway difficulty
with DSEM at a cutoff value of 27.5 mm [11]. In
our study, the sensitivity and specificity of
DSEM at a cutoff value of 22.952 for predicting
the occurrence of airway difficulty were 0.767
and 0.959, and the area under the ROC curve
was 0.829 (95% Cl: 0.754-0.905), which differs
from the results mentioned above, probably
owing to a different ethnic group and sample
size. Previous studies suggested that predict-
ing airway difficulty with one single index was
not very accurate, but a combination of various
indexes was more valuable [29]. Hence, we
combined DSEM with HMDR and found that the
sensitivity and specificity for prediction were
both greater than using them individually.

However, this was a single-center study with
small sample size; further multi-center studies
with a bigger sample size should be conducted
in the hope of shedding some light on clinical
practice.

In summary, HMDe, HMDR, and DSEM are pre-
dictive factors for the occurrence of airway dif-
ficulty, and HMDR combined with DSEM per-
form better in identifying airway difficulty than
their individual application.
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