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Introduction

Predicting difficult intubations by evaluating the 
airways is vital in everyday anesthesia practice. Inaccu-
rate assessment may place the patient at risk of hypoxic 
events and even death if complications occur and appro-
priate ventilation cannot be maintained. There are sev-
eral clinical predictors for difficult airway laryngoscopy 
or intubation: Mallampati score, the upper-lip bite test, 
interincisor distance, neck hyperextension, thyromental 
distance, sternomental distance, short neck, abnormal 
teeth, history of obstructive sleep apnea and neck cir-

cumference. These have poor to modest sensitivity and 
specificity in difficult airway prediction [1,2].

Ultrasound (US) is a powerful new point-of-care tool 
for airway management and is widely available in the op-
erating rooms, emergency departments and critical care 
units [3]. The technique is non-irradiating, reproducible, 
repeatable, inexpensive, non-time consuming and easy 
to perform [3,4]. US of the upper airway provides de-
tailed anatomic information and has numerous potential 
clinical applications [5,6]. It can be used to estimate tra-
cheal tube size, confirm correct tracheal tube and laryn-
geal mask placement, diagnose upper airway pathology, 
guide percutaneous tracheostomy or cricothyroidotomy 
and predict post-extubation stridor [7]. The role of US in 
anesthesia-related airway assessment is encouraging al-
though it is poorly defined. The main advantage of US in 
anesthesia seems to be related to its predictive power for 
difficult airway [8]. Several types of measurements have 
been investigated aiming to find a simple and reliable pa-
rameter which identifies patients with a difficult airway 
and thus helps the clinician in choosing the adequate in-
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tubation sequence, conferring safer airway management. 
Measurements such as anterior neck soft tissue thickness 
(ANS), tongue measurements, hyomental distances and 
composite indexes have been assessed.

In 2003 Ezri et al published a paper on difficult airway 
prediction based on the US measurement of the ANS [9]. 
By 2016 several studies have suggested that US, could 
offer several measurements for difficult airway predic-
tion [3,10]. The advantages of US and the availability of 
ultrasound machines have boosted clinical interest in pre-
operative predictive US, especially in the operating room. 
However, in 2016 and 2017, concerns have been raised 
regarding the ability of US measurements to predict dif-
ficult airway as no single measurement or parameter 
could confer optimal sensitivity and specificity [11,12]. 
Recent results from a meta-analysis based on eight origi-
nal studies concluded that the pooled characteristics of 
US-derived measurements predict difficult airway with 
69% sensitivity and 84% specificity, comparable to those 
of computed tomography and X-ray [13]. Nonetheless, 
recent studies on the diagnostic accuracy of US-derived 
measurements for difficult airway have emerged, studies 
that continued to highlight the advantages of this tech-
nique (Table I). Airway US might constitute a useful tool 
provided simple scanning algorithms are established. In 
fact, US could become a first-line non-invasive airway 
assessment tool in the future [5].

The aim of this educational paper is to describe su-
prahyoid and infrahyoid US measurements investigated so 
far and summarize the current knowledge regarding their 
diagnostic performance for difficult airway detection. 

Which ultrasound-derived parameters could serve 
as potential screening tools for difficult airway?
Several US measurements have been evaluated. The 

most studied was ANS at different levels. Other param-
eters were tongue thickness and tongue-to-oral cavity 
ratio, hyomental distances with derived ratios and com-
posite scores. All studies excluded pregnant patients, 
patients with airway tumors, distorted airways, exter-

nal laryngeal manipulation and laryngeal mask inser-
tion. Optimal sniffing position, good muscle relaxation 
and an experienced laryngoscopist are required to allow 
comparisons between studies [26]. The reference stand-
ard is the Cormack-Lehane scale, with grades III and IV 
representing a difficult view of the larynx during direct 
laryngoscopy [27]. This is not synonymous with difficult 
intubation, but definitely confers homogeneity for studies 
on difficult airway prediction. 

By means of US in the suprahyoid region it is pos-
sible to investigate the submandibular and sublingual 
spaces, the floor of the mouth and the root of the tongue 
[28,29]. Hyomental distances (HMD) can be measured 
with the head placed in neutral, sniffing or maximal hy-
perextended position and the derived hyomental distance 
ratios (HMDR) can then be calculated. For the evalu-
ation of the tongue, measurements such as thickness, 
cross-sectional area, width, volume, tongue-to-oral cav-
ity ratio can be measured. In the infrahyoid region, the 
visceral space includes the thyroid gland, the larynx and 
hypopharynx, as well as the cervical trachea [29-31]. The 
soft tissue thickness of the neck can be measured at dif-
ferent levels: anterior to the hyoid bone, epiglottis and 
vocal cords commissure. 

I. Anterior neck soft tissue thickness
ANS has been measured in obese and non-obese pa-

tients. Measurements were taken at the level of the hyoid 
bone, through the thyrohyoid membrane, to the epiglottis 
and at the level of the vocal cords.

In order to evaluate ANS, the described scanning 
technique implies the measurement of the distances be-
tween the skin and three different anatomical structures. 
The patient is positioned with the head in neutral posi-
tion and the linear transducer is placed perpendicular to 
the laryngeal axis. The anterior border of the hyoid bone 
is visualized and appears hyperechoic (fig 1a), while the 
epiglottis appears hypoechoic. Through the thyrohyoid 
membrane, the epiglottis appears curvilinear and its pos-
terior border is demarcated by the air-mucosal interface 

Fig 1. Anterior soft tissue thickness measured at the level of the hyoid (a), pre-epiglottic (b) and the anterior commissure of the vo-
cal cords (c)
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Table I. Diagnostic accuracy of different investigated suprahyoid and infrahyoid ultrasound measurements for difficult airway  
prediction

Reference Measurement N Se% Sp% Cutoff 
[9] ANS- vocal cords 50 (obese) Good discriminator between easy 

and difficult laryngoscopy 
[14] ANS- vocal cords 64 (obese) Does not discriminate between 

easy and difficult laryngoscopy
[15] ANS- hyoid

ANS- pre-epiglottic
51 Not assessed

[16] HMDR 12 (obese) Good discriminator between easy 
and difficult laryngoscopy

[17] Sublingual ultrasound 110 Inability to see the hyoid bone 
[18] ANS- hyoid

ANS- pre-epiglottic
ANS- vocal cords

203 85.7
100
75

85.1
66.3
80.6

1.28 cm
1.78 cm
1.1 cm

[19] ANS- pre-epiglottic 74 64.7 77.1 2.75 cm
[11] HMDR max/neutral

Tongue thickness, volume, cross-sectional area, width,  
tongue-to-oral cavity ratio, floor of the mouth muscle area  
and volume

199 42.9

9.1-31.7

96

68.4-97

[20] PE/P-VC 53 87.5 30
[21] Tongue thickness

Tongue thickness to thyromental distance ratio
2254 75%

84%
72
79

6.1 cm
>0.87

[12] ANS-hyoid
ANS-preepiglottic
Width of the tongue, tongue volume,  
floor of the mouth cross-sectional area

130 58.3
75
50-66.7

56.8
63.6
55.9-62.7

[22] ANS- pre-epiglottic
ANS- vocal cords

301 82
NC

91 0.254 cm

[7] ANS- hyoid
ANS- vocal cords
PE/E-VC

100 NI85.7
NI 86.7 0.23 cm

[23] HMDR max/neutral
HMDR sniffing/neutral
ANS- pre-epyglottic

25 (obese) 100
75
75

90.5
76.2
75

1.23
1.12
1.38 cm

[24] HMDR max/neutral
HMDR sniffing/neutral
ANS- pre-epiglottic

120 86
57
57.14

72
93
91.82

1.24
1.06
1.9 cm

[25] HMDR max/neutral
PE/E-VC

120 75
82

85.3
80

1.085
1.77

N = number of patients; Se% = sensitivity; Sp% = specificity; US = ultrasound; ANS = anterior neck soft tissue thickness; HMDR = hyo-
mental distance ratio; PE/E-VC = the ratio of the pre-epiglottic space to the distance from the epiglottis to the midpoint between the vocal 
cords. NC - No correlation; NI - Not indicative

(fig 1b). In this plane, the anterior commissure and the 
vocal cords are also visible and appear as mobile hyper-
echoic structures (fig 1c).

Ezri et al have noticed that in obese patients the ANS 
measured at the level of the vocal cords discriminated 
between patients with easy versus difficult intubation [9]. 
A similar study conducted on obese patients, but from 
a different geographical population, did not confirm this 
method and could not differentiate the patients with easy 

versus difficult intubation [14]. In a pilot study we con-
ducted on 25 morbidly obese patients, the sensitivity and 
specificity of the method were 75% [23].

In the non-obese patients ANS measurements at the 
levels of the hyoid bone and epiglottis might discrimi-
nate between easy and difficult laryngoscopy [15]. Re-
ported sensitivities and specificities for ANS measured 
at different levels vary considerably among studies 
[7,12,18,19,22,24]. These clinical studies are not fully 
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comparable and each includes only modest numbers of 
patients. However, most of them suggest that the ANS 
distances are independent predictors of a difficult laryn-
goscopy [18]. ANS at different levels might be related to 
airway mobility during laryngoscopy. The hypothesis is 
that fat pads influence the view during direct laryngosco-
py [9]. The abundance of pretracheal soft tissue might be 
a good predictor of difficult laryngoscopy as the mobility 
of the pharyngeal structures is impaired. 

II. Tongue measurements
Tongue thickness and width, cross-sectional area and 

volume, as well as tongue thickness-to-oral cavity ratio 
are easily measured by placing a curvilinear ultrasound 
probe in the submental region in either mid-sagittal or 
transverse planes (fig 2).

In the studies of Andruszkiewicz et al [11] and Para-
meswari et al [12], tongue measurements such as thick-
ness, volume and width, together with volume and 
tongue-to-oral cavity ratio have been shown to provide 
low to modest sensitivities. These led the authors to con-
clude that their use as screening parameters is inappro-
priate. Similarly, the US evaluation of the floor of the 
mouth muscles has low accuracy [11]. However, tongue 
thickness and tongue thickness-to-thyromental distance 
ratios provided higher sensitivities when further studied 
in a subsequent large-sample study published by Yao et 
al, concluding that these measurements have the optimal 
diagnostic accuracy [21]. 

Macroglosia is listed as a clinical predictor for dif-
ficult airway in all anesthesia textbooks as it does not al-
low good visualization of the larynx during direct laryn-
goscopy. The only three available clinical studies which 
investigated tongue thickness, provide contradictory re-
sults [11,12,21]. The study of Yao et al has the highest 
number of patients and concluded that these parameters 
have the potential to predict difficult tracheal intubation 
[21]. 

III. Hyomental distances and derived ratios
HMD and HMDR can be measured with the help of 

US by placing a curvilinear probe in the midsagittal posi-
tion in the submental area. The investigator can easily 
identify the bright hyperechoic structures: the mandible 
and the hyoid bone. HMD is measured between the pos-
terior aspect of the symphisis menti and the anterior bor-
der of the hyoid (fig 2). 

HMD in maximal hyperextended position and HMDR 
maximal/neutral (the ratio obtained by dividing the HMD 
measured with the head fully extended to that in neutral 
position) have been identified as discriminative markers 
between obese patients with easy versus difficult laryn-
goscopy [16]. Andruszkiewicz et al have found a modest 
sensitivity of 42.9% for difficult airways [11]. Recently, 

in three published studies, sensitivities have been appre-
ciated to be higher [23,24,25].

For HMDR sniffing/neutral (the HMDR obtained by 
dividing HMD in standard sniffing position for anesthesia 
induction to that in neutral position) the diagnostic accu-
racy compared to HMDR maximal/neutral was found to 
be lower [23,24]. Thus, HMDR maximal/neutral seems 
to be more accurate to predict a difficult airway.

HMDs and HMDR obtained by dividing the hyo-
mental distance measured in maximal hyperextension to 
that in neutral position, measured clinically, have been 
shown to have predictive roles for a difficult airway [32]. 
HMDR is related to the ability of achieving good neck 
extension. The hyoid has a fixed position in relation to 
the base of the skull. The stylohyoid ligament stationary 
fixes the hyoid bone to the occiput [16]. With the head 
maximally extended, the mandible is moved away from 
the hyoid, which is relatively fixed in position. In patients 
with limited submandibular space compliance, visualiza-
tion of the larynx can become difficult because the HMD 
does not expand sufficiently. Thus, HMD measurements 

Fig 2. Hyomental distance and tongue thickness measured with 
the curvilinear transducer in sagital plane in the submandibular 
region

Fig 3. The pre-epiglottic distance and the distance between the 
epiglottis and the midpoint between the vocal cords, measured 
with a linear transducer that is rotated in a transverse plane from 
cephalad to caudal direction.
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reflect the elasticity in the sagittal plane. Wojtczak et al 
described a point-of-care simple scanning algorithm that 
could be easily used in anesthesia, emergency and inten-
sive care practice [33]. Up to now, the studies investigat-
ing the performance of HMDR maximal/neutral for diffi-
cult airway prediction included only a modest number of 
patients. The reported sensitivities and specificities iden-
tified in most of them suggested that this easy-to-measure 
parameter might be useful for difficult airway prediction. 
However, larger sample studies are awaited. 

IV. Pre-epiglottic distance divided by the distance 
between the epiglottis and the midpoint between  
the vocal cords (PE/E-VC)
The ratio of the pre-epiglottic distance to the distance 

between the epiglottis and the midpoint of the vocal 
cords (PE/E-VC) are calculated parameters. These are 
measured with a linear transducer that is placed in trans-
verse plane and angled from cephalad to caudal until the 
epiglottis, the posterior parts of the vocal cords and the 
arytenoid cartilages are visible in a single oblique trans-
verse plane [7,34]. The epiglottis is seen as a curvilinear 
hypoechoic structure and the vocal cords appear as hy-
perechoic lateral V-shaped structures (fig 3). 

Reported sensitivity for PE/E-VC was 82-87.5%, 
while specificity varied widely between 30 and 80% 
[20,25]. Reddy et al concluded that this parameter is not 
indicative for difficult intubation [7]. Gupta et al showed 
that PE/E-VC strongly correlates with the Cormack-Le-
hane grading. The grade can be predicted with a 67 to 
68% sensitivity [34].

These studies investigating PE/E-VC have included 
modest numbers of patients and have contradictory re-
sults [7,20,25]. Further adequately powered studies are 
necessary to establish its use in anesthesiology practice.

V. Sublingual ultrasound
A unique US-based method to assess difficult airway 

is sublingual US. The inability to visualize the hyoid 
bone suggests a difficult airway [17].

Conclusions

Anesthesiologists have many available US-derived 
parameters, which could provide additional information 
regarding airway anatomy during the preoperative air-
way evaluation. These could serve as potential screening 
parameters for a difficult laryngoscopy/difficult airway. 
Still, we do not yet know which of these provides the 
optimal predictive accuracy. 

In the future, larger sample size studies are required 
to compare the numerous ultrasound parameters’ per-
formances and to validate their use in the preoperative 
evaluation of the airway. 
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