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ABSTRACT

Objective: The use of ultrasound (US) imaging for anatomical evaluation has been an exciting technological advancement in the field of anesthesia. 
The growing utilization of the US is due to its proven clinical effectiveness, cost-effectiveness, and practicality. This technology allows anesthesiologists 
to assess complex and diverse anatomy.

Methods: In a prospective observational study, US was used to measure the airway dimensions of 100 male patients. The study included assessing 
the minimal distance from the hyoid bone to the skin surface (DSHB-HB), the distance from the skin to the midway point between the hyoid bone 
and thyroid cartilage (DSEM-TM), and the minimal distance from the skin to the anterior commissure (DSAC-AC). These patients were scheduled for 
surgery under general anesthesia after giving informed written consent. The relationship between easy and difficult laryngoscopy and categorical 
variables was analyzed using the Pearson Chi-square test and Fisher’s exact test. A p<0.05 was considered significant.

Results: No significant difference in body mass index values in the easy and difficult laryngoscopy group. Out of 100 male patients, 80 were (80%) in 
the easy laryngoscopy group and 20 were (20%) in the difficult laryngoscopy group. The mean distances were 62.81 ± 22.82 mm, 41.09 ± 22.33 mm, 
and 39.30 ± 14.97 mm, respectively, for DSHB-HB, DSEM-TM, and DSAC-AC. There is a significant association between easy and difficult laryngoscopy 
and the increased distance from the hyoid bone to the skin surface, the distance from the skin to the epiglottis midway, and the distance from the skin 
to the anterior commissure (p<0.05).

Conclusion: US-assisted evaluation of the airway by the anesthesiologist has significant advantages compared to relying solely on clinical assessment.
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INTRODUCTION

The primary responsibility of an anesthesiologist is to make sure that 
the patient has appropriate gas exchange. If this vital oxygenation is not 
maintained for more than a few minutes, it can result in irreversible 
anoxic injury. Estimates suggest that up to 30% of deaths directly 
related to anesthesia are due to the inability to effectively manage a 
difficult airway (DA) [1].

The term “Difficult Airway” covers a broad range of clinical situations. 
This may involve problems with providing mask ventilation or difficulties 
with intubating the trachea. The worst-case scenario of being unable to 
intubate and unable to oxygenate poses the highest risk of brain damage 
or death. The laryngeal inlet appearance during direct laryngoscopy 
is best described by the Cormack and Lehane (CL) grading system. 
Difficult direct laryngoscopy is most commonly defined as a presence 
of Grade 3 or 4 view on laryngoscopy. Difficult direct laryngoscopy is 
often associated with difficult intubation in most patients. Kheterpal 
and associates defined difficult intubation as intubation requiring 
more than three attempts by anesthesia attending staff to secure the 
airway with an endotracheal tube and difficult laryngoscopy is defined 
as a CL Grade  2 or 3 view requiring multiple attempts or blades, 
however, most patients are successfully intubated [2-5]. Unsuccessful 
intubation with direct laryngoscopy occurs at a rate of 5–35/10,000 
anesthesias and the cannot intubate, cannot ventilate scenario occurs 
at a rate of 0.01–2/10,000 anesthesias [5]. Hence, we can see that 
the management of a difficult intubation, and more importantly, the 
prediction of a difficult intubation have far-reaching consequences 

both intraoperatively as well as postoperatively, in improving enhanced 
recovery after surgery, as well as overall morbidity and mortality. Air 
does not conduct ultrasound (US), the probe must be in full contact 
with the skin or mucosa without any interfacing air [6]. This can be 
achieved by applying adequate amounts of conductive gel between the 
probe and skin. Hyoid bone is a landmark structure and separates the 
upper airway into the suprahyoid and infrahyoid regions. It is visible in 
on the transverse view as a superficial, hyperechoic, inverted U-shaped, 
linear structure with posterior acoustic shadowing. Distance between 
skin and hyoid bone (DSHB), anterior commissure of the larynx is the 
anterior junction point of the true vocal cords. It is bounded anteriorly 
by the thyroid cartilage and is part of the laryngeal glottis. Distance 
between skin and anterior commissure (DSAC) and the true vocal cords 
appear as two triangular, hypoechoic structures (the vocalis muscles) 
outlined by the hyperechoic vocal ligaments. They are observed to 
oscillate and move toward the midline during phonation [7]. Distance 
between skin and thyrohyoid membrane (DSEM) and the thyrohyoid 
membrane is runs between the caudal border of the hyoid bone and the 
cephalad border of the thyroid cartilage.

Aims
Analyze if neck soft-tissue thickness measured by ultrasonography 
(USG) can predict difficult intubation and use US to measure the 
thickness of anterior soft tissue at specific neck points: Hyoid bone 
(DSHB), thyrohyoid membrane (DSEM), and anterior commissure 
(DSAC) levels, to predict difficult intubation and correlate the findings 
with CL score.
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METHODS

This observational study took place at a tertiary care medical 
institution after receiving approval from the Institutional Ethical 
Committee (Ref/no/GGMC/IEC/PG/20/Mar/2017). The study 
encompassed 100  patients scheduled for surgery under general 
anesthesia, following their provision of informed written consent. 
The study focused on male adult patients, aged 20–50, with American 
Society of Anesthesiologists (ASA) Grade  I and II, who required 
general anesthesia for elective procedures. Female patients, as well 
as those with ASA >2, emergency surgeries, a history of specified 
surgical trauma, edentulous, and arthritis, were not included in the 
study. Based on the study conducted by Wu et al. [8], the sample 
size was calculated based on the correlation between anterior neck 
soft-tissue thickness at the level of thyrohyoid membrane and vocal 
cord, with 80% power, an alpha error of 5%, assuming a population 
correlation coefficient of 0.5%, and the total sample size calculated as 
100 patients.

US measurements will be performed by the primary investigator 
with the patient supine and the head and neck in neutral position. 
The thicknesses of anterior neck soft tissue at hyoid bone, thyrohyoid 
membrane, and anterior commissure levels will be obtained transversely 
across the anterior surface of the neck with a 13–6 MHz HFL 38× linear 
array US probe attached to a SonoSite S-nerve machine (SonoSite Inc., 
Bothell, WA, USA). At hyoid bone level, the minimal distance from the 
hyoid bone to skin surface (DSHB-HB), at thyrohyoid membrane level, 
the distance from skin to epiglottis midway (DSEM-TM) between the 
hyoid bone and thyroid cartilage and at the anterior commissure level, 
the minimal distance from skin to anterior commissure (DSAC-AC) will 
be obtained.

After anesthesia induction with midazolam 0.04  mg/kg, propofol 
2–2.5  mg/kg, fentanyl 2–4 μg/kg, and succinylcholine 2  mg/kg, 
endotracheal intubation will be carried out by qualified anesthesia 
providers. All the patients will be in neutral position without neck 
overextension or over-bending. The Macintosh blades will be used to 
expose the target larynx, and no external laryngeal pressure will be 
used to facilitate this process. Classification of laryngoscopic views 
will be based on the modified CL score. Grade  I is a full view of the 
glottis. Grade II (IIA and IIB) is partial view of the glottis or arytenoids. 
Grade  III (IIIA and IIIB) is only epiglottis seen. Grade  IV is neither 
glottis nor epiglottis visible. Grade  I and II are categorized as easy 
laryngoscopy. Grade III or IV are categorized as difficult laryngoscopy. 
Descriptive statistics included frequency and percentage for categorical 
variables and mean±standard deviation for continuous variables. The 
Pearson Chi-square test and Fischer exact test were applied to find the 
relationship between easy and difficult laryngoscopy when compared 
with the outcome for categorical variables. A  p<0.05 was considered 
significant.

Intubation difficulty scale
The difficulty of intubation as enumerated by the intubation difficulty 
scale incorporates seven factors [9]:
1.	 N1-Number of attempts >1
2.	 N2-Number of operators >1
3.	 N3-Number of alternative techniques
4.	 N4- CL grade (grade 1 to grade 4 given 0 to 3 points)
5.	 N5-Lifting force required (normal 0 or increased 1)
6.	 N6-Laryngeal pressure (not applied 0 or applied 1)
7.	 N7-Vocal cord mobility (abduction 0 or adduction 1).

RESULTS AND ANALYSIS

A total of 100  male patients were included in this study. The basic 
demographic characteristics are shown in Table 1. Using the CL grades 
assigned during direct laryngoscopy, the patients were divided into 
80  patients (80%) in the easy group and 20  patients (20%) in the 
difficult group. Distribution of body mass index (BMI) among easy 
and difficult laryngoscopy but there is no significant difference BMI 

values in easy and difficult laryngoscopy group Figs. 1 and 2. Clinical 
parameters such as MMPC and CL grades are shown in Table 1.

The US parameters DSHB, DSEM, and DSAC are recorded in Table 2.

Table 1: Demographic features of participants

Demographic feature n,%
Age (years) (mean±SD) 34.7±8.3
ASA (PS)

Class I (n) 66,66
Class II (n) 34,34

MMPC
Class 1 (n) 28,28
Class 2 (n) 64,64
Class 3 (n) 7,7
Class 4 (n) 1,1

Cormack Lehane Grade
Easy laryngoscopy

1 (n) 47,47
2A (n) 21,21
2B (n) 12,12

Difficult laryngoscopy
3A (n) 14,14
3B (n) 4,4
4 (n) 2,2

Data are expressed in n‑number,%‑percentages and mean±SD

Fig. 2: Association between body mass index and laryngoscopy 
χ2- 3.453, df-1, p>0.05 (non-significant)

Fig. 1: Distribution of body mass index

Table 2: Mean value of all USG‑determined anterior soft‑tissue 
thickness of neck distances

USG determined distance in mm Mean±SD
Distance from the hyoid bone to 
skin surface in mm (DSHB)

62.81±22.82

Distance from skin to epiglottis 
midway in mm (DSEM)

41.09±22.33

Distance from skin to anterior 
commissure in mm (DSAC)

39.30±14.97

USG: Ultrasonography. Data are expressed in Mean±SD, distances in millimeters
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There is a significant association in easy and difficult laryngoscopy with 
increased distance from the hyoid bone to the skin surface (DSHB), 
distance from skin to epiglottis midway (DSEM) and distance from skin 
to the anterior commissure (DSAC) p<0.05 (Table 3).

DISCUSSION

Anesthesiologists continue to face challenges when dealing with 
unexpected DAs while securing the airway. The introduction of 
anatomical evaluation using US imaging has been one of the most 
exciting recent technological advances in the field of anesthesia. The 
increasing use of US has been attributed to its proven clinical efficacy, 
cost-effectiveness, and practicality, as it allows anesthesiologists to 
evaluate complex and varied anatomy [10]. US imaging is safe (non-
ionizing radiation, no contrast agent), non-invasive, portable, widely 
available, painless, easily reproducible, and provides real-time dynamic 
images [11-14]. Although deemed safer than other imaging methods, 
exposure to high-energy US should be minimized to reduce tissue 
heating and damage [10].

Wu et al. studied 203 non-obese Chinese Han patients undergoing 
surgeries. They found that 13.8% had difficult laryngoscopy and greater 
anterior neck soft-tissue thickness at the level of the hyoid bone [8].

Results by Komatsu et al., Ezri et al., El-Ganzouri et al., and Adhikari et 
al., do not significantly correlate with BMI, which is consistent with our 
findings [15-19].

Our results are similar to the study conducted by Wu et al. which 
concluded that the anterior neck soft-tissue thickness as measured by 
USG at hyoid bone, thyrohyoid membrane, and anterior commissure are 
independent predictors of difficult laryngoscopy [8].

Adhikari et al. further measured the anterior neck soft tissue at the 
hyoid bone and thyrohyoid membrane levels, which is important to 
displace the glottis by the laryngoscopic blade, and found that US 
measurements of anterior neck soft-tissue thickness at the level 
of hyoid bone and thyrohyoid membrane can be used to predict 
difficult laryngoscopies and a 2.8-cm US measurement at the 
thyrohyoid membrane was a good independent predictor of difficult 
laryngoscopy [19].

Neck US measurements are as accurate as magnetic resonance imaging 
for quantification of fat depth, but are inexpensive, rapid, and easy to 
perform [20].

In a meta-analysis Bajracharya et al., in non-obese and obese patients, 
visibility of the hyoid bone in sublingual US, soft-tissue thickness at 
the level of the hyoid bone, epiglottis, vocal cords, and suprasternal 
notch, as well as distance between skin and mid epiglottis at the level 
of the thyrohyoid membrane are independent predictors of difficult 
laryngoscopy (CL grade 3 and 4) [21].

Limitations
Patient included in the study with BMI >30 kg/m-2 was limited.

CONCLUSION

Every anesthesiologist should have the knowledge to identify and 
manage a DA. There are various methods available for pre-operative 
evaluation and recognition of a DA. Many traditional clinical 
parameters do not accurately predict a DA, which can lead to difficult 
intubation. Thus, US-assisted pre-operative evaluation of patients’ 
airways may complement traditional methods of pre-operative airway 
assessment. The ready availability and accessibility of US machines 
to most anesthesiologists make this an attractive option for pre-
operative airway assessment. Research has shown that the thickness 
of the anterior soft tissue at the levels of the hyoid bone, thyrohyoid 
membrane, and anterior commissure are individual predictors of 
difficult intubation.
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