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Abstract

Background Unanticipated difficult airway remains a challenge for the anesthesiologist with no established standard
criteria to predict difficulty in intubation. Our aim was to correlate the pre-anesthetic ultrasonographic (USG) airway
assessment parameters with Cormack-Lehane (CL) grade at direct laryngoscopy view under general anaesthesia.

This was a prospective, observational study on 150 adult patients between 18 and 70 years with the American Society
of Anesthesiologist—Physical Status 1-2 requiring general endotracheal anesthesia for elective surgery.

Results The incidence of difficult laryngoscopy was 22.7%. The sonographic distance from anterior neck surface to
epiglottis (ANS-E) > 1.67 cm was observed to be a statistically significant USG predictor of difficult laryngoscopic view
with sensitivity of 64.71% and specificity of 78.45% (p = 0.000). The sonographic distance from anterior neck surface to
hyoid bone (ANS-H) or to anterior commissure (ANS-AC) did not corelate with difficult laryngoscopy. The ultrasound
(US) parameters had higher negative than positive predictive value.

Conclusions We found ANS-E distance to be the most significant predictor of difficult laryngoscopy in our study.
USG is a useful tool to identify the “at-risk” patients for difficult airway.

Keywords Direct laryngoscopy, Endotracheal anesthesia, Ultrasound

Background

Unanticipated difficult airway remains a challenge for the
anesthesiologist. Failed or delayed intubation is associ-
ated with significant morbidity and mortality (Cook and
MacDougall-Davis 2012). The incidence of difficulties
encountered in perioperative airway management has
been reported to range from 1 to 4% (Bajracharya et al.
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2015). It is imperative to not only acquire the knowledge
and skill for intubation techniques but also do careful
assessment through planning and preparation. Accurate
preoperative airway assessment should be performed to
facilitate airway management planning.

There are many conventional bedside screening meth-
ods commonly applied such as Mallampati classification
(MPC), thyromental distance (TMD), inter-incisor dis-
tance, neck movements, and neck circumference (NC)
to predict difficult airway and are components of mul-
tivariate risk indices (Karkouti et al. 2000; El-Ganzouri
et al. 1996; Khan et al. 2009). However, these tests have
a high inter-observer variability (Reed et al. 2005) and
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low sensitivity and specificity (Butler and Dhara 1992;
Norskov et al. 2015). Their application in emergency and
intensive care setting maybe counterproductive where
the patients are uncooperative, confused and unable
to follow instructions (Adhikari et al. 2011). The Modi-
fied Cormack-Lehane (CL) classification (Yentis and Lee
1998) grades the glottic view for easy or difficult intuba-
tion but depends upon direct laryngoscopy which is pos-
sible only after general anesthesia.

Ultrasound (US) of the upper airway is evolving as
a useful, non-invasive tool for airway assessment in
adjunct to clinical methods. However, its scope as an
airway imaging technique and correlation of ultrasound
guided measurements with Modified Cormack-Lehane
classification is still being explored by various researchers
across the globe.

Different sonographic techniques have been employed
for airway evaluation in the past studies. Various air-
way parameters that can be measured are volume of the
tongue, soft tissue thickness at the level of the hyoid
bone, epiglottis and vocal cords, and visibility of the
hyoid bone in sublingual ultrasound, etc. However, there
is no established standard criteria to predict difficulty in
intubation. Hence, we decided to study the usefulness of
preoperative ultrasonographic (USG) evaluation of the
airway vis-a-vis the bedside airway assessment to predict
the glottic view on direct laryngoscopy in adult patients.

The primary objective was to correlate the pre-anes-
thetic ultrasonographic airway assessment parameters
with the Modified Cormack-Lehane grade at direct laryn-
goscopic view under general anesthesia in adult patients.
The secondary objective was to correlate the bedside
parameters with Cormack-Lehane grade.

Methods

After obtaining the institutional ethics committee
approval, a prospective observational study was con-
ducted on 150 consenting adults of either sex, American
Society of Anesthesiologist—Physical Status (ASA-PS)
1-2, posted for elective surgery under general endotra-
cheal anesthesia during the period between January 2019
and July 2019.

The exclusion criteria included patients with any fea-
ture of difficult airway such as maxillofacial anomalies,
restricted neck movements, cervical spine pathology,
limited mouth opening, edentulous patients, skin infec-
tion over neck region, body mass index [BMI]>35 kg/
m?, tracheostomized patients, and pregnant patients.
Patients requiring rapid sequence intubation or sched-
uled for fibreoptic tracheal intubation were also excluded.

All patients underwent a detailed preoperative history
and physical examination including bedside airway evalu-
ation on the day before surgery. The modified Mallampati
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class, thyromental distance, and neck circumference were
noted and recorded for all patients.

All patients underwent a detailed preoperative USG
assessment in the operation theatre (OT) holding area
by the a credentialed point-of-care ultrasound (POCUS)
anesthesiologist (Smalley et al. 2020 Aug). For sono-
graphic assessment of the airway, the patient was made
to lie supine with head in sniffing position, with mouth
closed and tongue on floor of the mouth without any
movement.

The linear high-frequency probe 12L SC (frequency
4-13 MHz) of the ultrasound machine (WIPRO GE
VENUE 40) was used to measure the different sono-
graphic parameters. The probe was placed on the skin in
the submental region at different levels, to get the trans-
verse view of the upper part of neck. The sonographic
parameters and the way they were measured is described
in Table 1. These parameters were chosen based on stud-
ies found in literature (Adhikari et al. 2011; Parameswari
et al. 2017; Falcetta et al. 2018; Reddy et al. 2016; Nazir
and Mehta 2018; Koundal et al. 2019; Wu et al. 2014; Koh
et al. 2002; You-Ten et al. 2018; Gupta et al. 2012).

The transverse view was used for measuring—anterior
neck surface to hyoid distance (ANS-H). Anterior neck
surface to epiglottis distance at the level of the thyro-
hyoid membrane (ANS-E) and anterior neck surface to
anterior commissure distance at the level of the thyroid
cartilage (ANS-AC) (Figs. 1, 2, and 3).

All the clinical and sonographic parameters were
observed and documented in the case record form. The
time taken for the USG assessment was also documented.
Subsequently, the patient was shifted to the operat-
ing room and baseline monitors of electrocardiogram,
non-invasive blood pressure, and pulse oximeter were
connected and values noted. The patient was placed in
neutral position, without head in over extension or over
flexion.

After preoxygenation with 100% O, for 3 min, intra-
venous (IV) midazolam 1 mg and IV fentanyl 2 mcg/
kg were administered. Induction of anesthesia with
IV propofol 2 mg/kg was followed by muscle relaxa-
tion using IV atracurium 0.5 mg/kg IV and ventilation
with oxygen and sevoflurane 2% for 3 min Subsequently,
direct laryngoscopy was performed by an anesthesiolo-
gist (more than 2 years of experience) using an appropri-
ate sized curved Macintosh blade, and the laryngoscopic
grade as per Modified Cormack-Lehane scoring system
(MCLS) was noted. External laryngeal manipulation was
applied wherever appropriate (Yentis and Lee 1998; Koh
et al. 2002) (Fig. 4, Table 2).

MCLS grades 1 and 2a were categorized as easy intu-
bation (group E) and MCLS grades 2b, 3, and 4 were
categorized as potentially difficult airway (group D).
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Table 1 USG parameters measured, probe used, and the view
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Parameter | Probe View Explanation

ANS-H | Linear | Transverse | Distance from anterior neck surface to hyoid
bone.

ANS-E Linear | Transverse | Distance from anterior neck surface to
epiglottis at the level of thyrohyoid
membrane.

ANS-AC | Linear Transverse | Distance from anterior neck surface to
anterior commissure of vocal cord.
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Fig. 1 Distance from anterior neck surface to hyoid bone (ANS-H).
Legend: Black line indicating ANS-H distance

The patients were then intubated with an appropriate
sized endotracheal tube. The number of attempts at
laryngoscopy and use of any adjunct (gum elastic bou-
gie) or use of video laryngoscope was also recorded.
The rest of anesthesia and surgery was conducted as
scheduled. The intubating anesthesiologist was una-
ware of the preoperative bedside and sonographic air-
way assessment parameters.
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Fig. 2 Distance from anterior neck surface to epiglottis (ANS-E).
Legend: Black line indicates ANS-E distance

Statistical analysis
Our sample size was estimated to be 144 to predict dif-
ficult laryngoscopy with an accuracy of 87%, with 80%
power and 5% level of significance based on research by
Nazir I, Mehta N, on Indian patients (Nazir and Mehta
2018).

Data analysis was done using SPSS version 16. Nor-
mality test was performed before applying any statistical
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Fig. 3 Distance from anterior neck surface to anterior commissure
(ANS-AC). Legend: Black line indicates ANS-AC distance

Grade 1 Grade 2a

Fig. 4 Modified Cormack-Lehane Scoring System

Table 2 Modified Cormack-Lehane Grade classification

CL grade Direct laryngoscopy view
1 Visualization of the entire laryngeal aperture
2a Partial view of glottis
2b Only posterior extremity of glottis seen or
only arytenoid cartilages
Visualization of only the epiglottis
4 Visualization of only the soft palate (neither

epiglottis, nor glottis is seen)

test. The numeric data were summarized by descriptive
statistics like frequency (#) and mean =+ standard devia-
tion (SD). For statistical significance of numeric, ¢ test
was used. The categorical data were summarized by
frequency count and percentage and significance ana-
lyzed using chi-square/Fisher’s exact test. Sensitivity,

Grade 2b
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specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated. The correlation
analysis were done using Pearson correlation test. A p
value <0.05 was considered statistically significant in our
study.

Grade 4

Grade 3

Results

The study was conducted on 150 consenting adult
patients (69 males, 81 females) undergoing elective sur-
gery requiring general endotracheal anaesthesia in a
tertiary care hospital. There were 116 patients (77.3%)
belonging to Group E and 34 patients (22.7%) in Group D
of which none belonged to CL 4 (Fig. 5).

Among the demographic variables (age, gender, and
BMI), age was found to be statistically significant param-
eter (p value 0.02) with mean=+ SD of 46.3 +14.38 years
and 55+11.75 years in Group E and Group D,
respectively.

The bed side parameters studied namely MPC, TMD,
and NC were found to be statistically significant predic-
tors of difficult laryngoscopy as shown in Table 3.

The mean+SD distance of ANS-E in group E and
group D was 1.5689+0.2067 cm and 1.7538 £0.2561 cm,
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Table 3 Comparison of Mallampati class vs Cormack-Lehane grade

Cormack-Lehane Grade | Total no
MPC Chi-square | P-value
Group E Group D (%)
Class I 37 1 38 (25.3)
Class II 58 17 75 (50)
Class 11 21 16 37 (24.6) 17.64 <0.001
Class IV 0 0 0
Total 116 34 150 (100)
18
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Fig. 6 Comparison of ANS-E distance with Cormack-Lehane

Table 4 Comparison of ultrasonographic parameters with the Cormack-Lehane group

Mean SD unpaired
Parameter(cm) | CL Group n p value
(cm) (+ cm) T test
ANS-H E 116 0.8625 0.2256 -0.772 0.441
D 34 0.8965 0.226 Difference is not Sig
ANS-E E 116 1.5689 0.2067 -4.336 0.000
D 34 1.7538 0.2561 Difference is Sig
ANS-AC E 116 0.6228 0.2042 0.729 0.467
D 34 0.5926 0.2389 Difference is not Sig
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Fig. 7 ROC curve of anterior neck surface-epiglottis (ANS-E). Legend:
AUC area under curve, PPV positive predictive value, NPV negative
predictive value, ANS-H anterior neck surface to hyoid, ANS-E anterior
neck surface to epiglottis, ANS-AC anterior neck surface to anterior
commissure

respectively, and was found to be significant (p =0.000).
The ANS-AC and ANS-H distance were not found to be
significant (Fig. 6, Table 4).

From the receiver operating characteristic (ROC)
curve, the cutoff value of ANS-E distance was found to
be>1.67 cm to predict difficult laryngoscopy with sensi-
tivity of 64.71% and specificity of 78.45%. The AUC (area
under the curve) was 0.735 having a p value was <0.0001
(significant) (Fig. 7). The PPV and NPV of ANS-E dis-
tance were 46.81 and 88.35%, respectively (Table 5).

The average time taken to perform the USG was
3.4 min £ standard deviation of 0.407 min. No assist device
was used for intubation in group E. Among 34 patients in
group D, bougie was used in 6 patients and video laryngo-
scope was used in 13 patients to assist intubation, while 15
patients did not require any assist device for intubation.

Discussion

In recent times, POCUS is emerging as a non-invasive
predictor of difficult airway (You-Ten et al. 2018). In con-
junction with the clinical criteria, US parameters add
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value to the prediction of difficult laryngoscopic view.
We embarked on this study to assess the “Usefulness of
preoperative ultrasonographic evaluation of the airway
vis-a-vis the bedside airway assessment to predict the
potentially difficult airway on direct laryngoscopy in
adult patients”

The USG parameters used in our study were the trans-
verse views of anterior neck surface to hyoid distance
(ANS-H), anterior neck surface to epiglottis distance
at the level of the thyrohyoid membrane (ANS-E), and
anterior neck surface to anterior commissure distance at
the level of the thyroid cartilage (ANS-AC). The simplic-
ity of performing these parameters using a single linear
transducer and hence less time-consuming made these
parameters of choice for our study. These parameters are
similar to those studied by Wu et al.(2014).

The other USG parameters measured in various studies
to predict difficult airway were the depth of pre-epiglottic
space distance which is the same as ANS-E in our study,
E-VC (the distance from the epiglottis to the mid-point
of the distance between the vocal cords), ratio of ANS-E
and E-VC (Reddy et al. 2016; Gupta et al. 2012), volume
of the tongue (Parameswari et al. 2017), volume of floor
of the mouth (Parameswari et al. 2017), hyomental dis-
tance in neck neutral and neck extended position (Wojtc-
zak 2012), hyomental distance ratio (Wojtczak 2012), and
visibility of hyoid bone by sublingual USG (Tsui and Hui
2008; Hui and Tsui 2014). In our study, the sonographic
view to measure the ratio of the distance from ANS-E
and E-VC (oblique transverse plane bisecting the epi-
glottis and posterior most part of the vocal folds with
arytenoids in one 2-dimensional view) was technically
challenging as probe resolution had limitation. Sublin-
gual view was not done as it required change of probe
and precautions to maintain sterility resulting in extra
time in the OT holding area.

Difficult laryngoscopy is generally defined as the inabil-
ity to visualize the vocal cords. The original Cormack-
Lehane scoring system includes only grades 3 and 4 in the
difficult laryngoscopy while the true incidence of difficult
laryngoscopy is underestimated as it excludes a subgroup
of the original grade 2 which is difficult to manage. The
MCLS system allows refining the definition of difficult
laryngoscopy as including grades 2b, 3, and 4 as we have

Table 5 Sensitivity, specificity, PPV, NPV, AUC, and p value of the USG parameters

Sensitivity | Specificity
Parameter AUC PPV (%) NPV (%) p value
(%) (%)
ANS-H 0.559 79.41 41.38 28.42 87.27 0.281
ANS-E 0.735 64.71 78.45 46.81 88.35 <0.0001
ANS-AC 0.53 29.41 93.97 58.82 81.95 0.638
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done in our study (Fig. 4). This makes the incidence of
difficult laryngoscopy in our study as 22.7% although
none of the patients had CL 4 grade. As the distribution
of CL 4 in general population is 0.2% (Koh et al. 2002), a
larger sample size than our study may probably express a
higher CL 4 result.

In our study, the ANS-E distance was found to be a sta-
tistically significant predictor of difficult laryngoscopy
with a cutoff value>1.67 cm. This is in accordance with
the studies by Koundal et al. (Koundal et al. 2019) in 200
patients and Imran Nazir et al. in 90 patients (cutoff value
was > 1.615 cm and 1.77 cm, respectively). Similarly, Wu
et al. (Wu et al. 2014) in their study in Chinese popula-
tion (203 patients) found that US measurements of dis-
tance from skin to epiglottis was greater in the difficult
laryngoscopy group (p<0.0001) while Pinto et al. con-
ducted a study in Portuguese population (74 patients)
and found a much higher cutoff value of 2.75 cm for the
same (Pinto et al. 2016). In the systematic review and
meta-analysis by Carsetti et al, it was concluded that
the skin to epiglottis distance is the most studied index
test in literature to predict difficult direct laryngoscopy
(Carsetti et al. 2022).

ANS-H and ANS-AC were not found to be significant
predictors of difficult laryngoscopy in our study. This is
in accordance with study by Reddy et al., wherein they
showed that ANS-hyoid distance is not indicative of dif-
ficult intubation (p=0.857) (Reddy et al. 2016) Komatsu
et al. (2007) in their study in 64 patients concluded that
the thickness of pre-tracheal soft tissue at the level of
the vocal cords is not a good predictor of difficult laryn-
goscopy. However, they conducted the study in obese
patients with BMI > 35 kg/m?.

In contrast, Wu et al. in their study in Chinese popula-
tion (203 patients) found that US measurements of dis-
tances from skin to the hyoid bone and to vocal cords
were greater in the difficult laryngoscopy group and a
potential predictor of difficult intubation (p=0.0001)
(Wu et al. 2014). Similarly in studies by Adhikari et al.
(Adhikari et al. 2011) in 51 African—American patients
and by Koundal et al. in 200 Indian patients, it was
found that the distance from the skin to the hyoid bone
is a reliable predictor of difficult laryngoscopy (p =0.000)
(Koundal et al. 2019).

Reddy et al. (2016) conducted their study in 100
patients and Ezri et al. (2003) in their study in 50 obese
patients (BMI>35 kg/m?) concluded that an abundance
of pre-tracheal soft tissue at the level of vocal cords is a
good predictor of difficult laryngoscopy.

These differences in results as compared to our
study may be due to inclusion of CL 2b in group D (as
the above mentioned studies have included CL 2b in
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easy laryngoscopic view group), the study population
involved, their racial and ethnic variation, difference in
sample size, and inter-observer variability (Balakrishnan
and Chocalingam 2017; Farkas et al. 2005).

In our study, there was one patient with MPC I belong-
ing to Group D. On analysis, we found that the patient
had ANS-E distance of 1.98 cm which was more than our
cutoff value (1.67 c¢cm) to predict difficult laryngoscopy
and bougie was required to assist intubation. However,
his other bedside and sonographic parameters did not
predict difficult laryngoscopy. This indicates that USG
airway has a definitive role in predicting an unanticipated
difficult airway making it a valuable application to be
included in our armamentarium.

The average time taken in our study for assessment
of USG parameters was 3.40+0.40 min as compared to
10 min in study by Parameswari et al. (Parameswari et al.
2017). This may be because of more number of param-
eters included in their study. There are also some studies
where the time taken was less than 1 min for their USG
airway assessment (Gupta et al. 2012; Hui and Tsui 2014).

MPC is a predictor of difficult laryngoscopy as it
indicates the amount of space within the oral cavity
to accommodate the laryngoscope. In our study, there
was statistical significance between MPC and CL grade
(<0.001). This is in accordance with study by Prakash
et al. (p=0.000) and Srinivasan et al. (p=0.001)
(Prakash et al. 2013; Srinivasan and Kuppuswamy
2017). However, one patient of MPC 1 was in group D
and 21 patients of MPC III were in group E. Also, there
were 18 patients belonging to group D who had either
MPC I (1 patient) or II (17 patients). This is in accord-
ance with meta-analyses of the modified Mallampati
score by Lundstorm et al. who also concluded that
modified Mallampati score was an inadequate predictor
of difficult laryngoscopy as a stand-alone test (Lund-
strom et al. 2011). Therefore, it is imperative that we
evaluate another diagnostic parameter to predict the
difficult intubation as an adjunct to bedside criteria.

In our study, TMD and NC were statistically signifi-
cant predictors of difficult laryngoscopy (p=0.016;
p=0.004, respectively). This is in accordance with vari-
ous other studies which concluded that TMD is a signif-
icant predictor of difficult laryngoscopy (El-Ganzouri
et al. 1996; Srinivasan and Kuppuswamy 2017; Chhina
et al. 2018; Chara et al. 2014) and studies conducted by
Chhina et al. (2018) and Brodsky et al. (Brodsky et al.
2002) wherein they found that the neck circumference
had significant correlation with difficult intubation.

In our study, the ultrasound parameters had high
negative predictive value than a positive predictive
value. This is in accordance with the study by Para-
meswari et al. (2017).
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Assist device in the form of bougie or video laryngo-
scope was used in 19 of 34 group D intubations in the
current study. In other studies, gum elastic bougie, sty-
let, change of laryngoscopic blade, videolaryngoscope,
patient repositioning, laryngeal mask airway (LMA), or
fibreoptic intubation through LMA were used to assist
difficult intubation (Yentis and Lee 1998; Prakash et al.
2013).

A sample size of 150 might have been inadequate
to extrapolate the results to general population. The
standard threshold value as observed in other racial
and ethnic population in predicting difficult airway
may not apply to the Indian population as mentioned
by Prakash et al. (2013). Another limitation of our study
is the possibility of inter-observer variability in percep-
tion of Mallampati class (Karkouti et al. 2000) and the
Cormack-Lehane grade (Krage et al. 2010).

Conclusions

USG is a useful tool to identify the “at-risk” patients for
difficult airway. Recognizing those at risk is a priority
rather than relying on a single-bedside airway assess-
ment parameter (All India Difficult Airway Association
guidelines).

In our study, among the three USG parameters studied,
ANS-E distance greater than 1.67 cm was found to be the
most significant predictor of difficult airway.

Future research as a multi-centric study involving a
larger cohort of Indian population is required to establish
the standard value range for various USG parameters in
the Indian population.

Abbreviations

UsG Ultrasonographic
CcL Cormack-Lehane
ANS-E Anterior neck surface to epiglottis

ANS-H Anterior neck surface to hyoid

ANS-AC  Anterior neck surface to anterior commissure

us Ultrasound

MPC Modified Mallampati Class

TMD Thyromental distance

NC Neck circumference

ASA-PS American Society of Anesthesiologist—Physical Status
BMI Body mass index

or Operation theater

v Intravenous

POCUS Point of Care Ultrasound

MCLS Modified Cormack Lehane Scoring System

GroupE  Easy intubation - MCLS 1 and 2a

Group D Potentially difficult airway — MCLS 2b, 3, and 4

SPSS Statistical Package for the Social Sciences

SD Standard deviation

PPV Positive predictive value

NPV Negative predictive value

ROC Receiver operating characteristic

E-VC Distance from epiglottis to mid-point of distance between vocal

cords
LMA Laryngeal mask airway
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