
Although obesity is thought to increase the risks 
associated with intubation, high body mass index 

1-3.

intubation include history of sleep apnoea2,4,5, high 

Mallampati score2,3, thyromental distance <6 cm2,
increased age2, male gender2, limited neck movement2,
short neck and prominent upper teeth2,6. Although the 

predictive test7.
A large neck circumference is among the suggested 

better than BMI3. Neck circumference, though, does 
not indicate the amount of soft tissue at various 
topographic regions within the neck. Distribution of 

than neck circumference. 
A recent study of obese patients in Israel found 

thicker neck soft tissue at the level of the vocal cords 
and suprasternal notch as measured with ultrasound8.
In fact, there was no overlap in values at the level of 
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SUMMARY
Morbid obesity is associated with difficult laryngoscopy and intubation. In the general population, bedside 
indices for predicting difficult intubation (i.e. Mallampati classification, thyromental distance, sternomental distance, 
mouth-opening and Wilson risk score) have poor-to-moderate sensitivity (20-62%) and moderate-to-fair specificity 
(82-97%). In the obese population, although the risk of difficult intubation after a positive Mallampati test is 34%, 
it is still not sufficient to be used as a single predictive test. An abundance of pretracheal soft tissue anterior to the 
vocal cords, as quantified by ultrasound, was a better predictor of difficult laryngoscopy than body mass index (BMI) 
in Israeli patients. Obesity is a growing problem in the United States: therefore we sought to confirm this finding 
in the obese population in the United States. We used ultrasound to quantify the neck soft tissue, from the skin 
to the anterior aspect of the trachea at the vocal cords, in 64 obese patients (BMI >35). We assessed thyromental 
distance, mouth-opening, jaw movement, limited neck mobility, modified Mallampati score, abnormal upper teeth, 
neck circumference, confirmed obstructive sleep apnoea, BMI, age, race and gender as predictors. Twenty patients 
were classified as difficult laryngoscopy; they were older (47±9 vs 42±1 years; P=0.048; mean±SD) and had less 
soft pretracheal tissue (20.4±3.0 vs 22.3±3.8 mm; P=0.049) than did easy laryngoscopy patients. Multivariate 
regression indicated that none of the factors was an independent predictor of difficult laryngoscopy. We conclude that 
the thickness of pretracheal soft tissue at the level of the vocal cords is not a good predictor of difficult laryngoscopy 
in obese patients in the United States.
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obese patients. We therefore tested the hypothesis 

in morbidly obese patients in the United States. 

METHODS
With approval of Human Research Committee 

at the University of Louisville and written informed 
consent, we enrolled 64 morbidly obese patients 
(BMI >35)9 scheduled for elective surgery under 
general anaesthesia with tracheal intubation. Patients 
with removable upper dentures, upper airway 
pathology, cervical spine fractures, full stomach, 

Pregnant women were also excluded. 
Our original plan was to enrol 200 patients, with 

the results being evaluated at 50-patient intervals. 
Two hundred patients would achieve 90% power of 
detecting an odds ratio of two comparing those 
with anterior soft neck tissue of greater than 25 mm 
against those with less than or equal to 25 mm after 
controlling for several additional factors using logistic 
regression. (See Table 2 for additional factors.) After 
the initial evaluation, our Data and Safety Monitoring 
Committee decided to stop the study. But during their 
analysis, an additional 14 patients were enrolled: data 
from these patients were retained in the analysis. 

Preoperatively, two anaesthesiologists (RK, PS) 
who were not involved in laryngoscopy and intubation 
evaluated the following variables: BMI, history of 
obstructive sleep apnoea (OSA) (diagnosed by poly-
somnography, or undiagnosed sleep apnoea suspected 
by the presence of snoring and cessation of breathing 
during sleep); loose or protruding upper teeth, or 
partially missing upper incisors or canines; thyro-
mental distance with the neck extended; temporo-
mandibular joint mobility assessed by mouth-opening 
and forward movement of the jaw and the ability to 
protrude the lower teeth further than the upper teeth; 

10

score11 and neck circumference measured at the 
thyroid cartilage3.

tissue was performed with a linear probe at a frequency 
of 5.0 MHz (Sequoia C 256, Acuson Corporation, 
Mountain View CA, U.S.A.). The distance from the 
skin to the anterior aspect of the airway was measured 
at the level of vocal cords anterior to the thyroid 
cartilage with the patient supine and the head and 
neck in neutral position without a pillow. The amount 

of soft tissue at this zone was calculated by averaging 
the amount of soft tissue in millimetres obtained in 
the central axis of the neck and ~15 mm to the left 
and right of the central axis8. One anaesthesiologist 
(RK) was trained to use the ultrasound device by a 
radiologist and performed all ultrasound measure-

intubation were recorded. 

was induced with fentanyl (1-2 μg/kg), propofol 
(2-4 mg/kg) and succinylcholine (1 mg/kg). Laryngo-
scopy was performed after the onset of full muscle 

absence of response to train-of-four stimulation 
applied to ulnar nerve at the wrist. Anaesthesiologists 
(RL, AW, OA) who were unaware of the ultrasound 
results performed laryngoscopy with a Macintosh 
No. 3 blade and inserted an endotracheal tube 
preformed with a stylet. The patient’s head was 

operating room pillow at a height of 5 cm. 
Laryngoscopic view was graded according to the 

method described by Cormack and Lehane12 as 
grade 1 (full view of the glottis), grade 2 (glottis partly 
exposed, anterior commissure not seen), grade 3 
(only epiglottis seen), or grade 4 (epiglottis not seen). 
No external laryngeal pressure was applied while 
reporting the laryngeal view. A grade of 1 or 2 was 
considered to represent easy laryngoscopy, whereas 

to provide an adequate laryngoscopic view, external 
laryngeal pressure (BURP: back, up and rightward 
pressure)13 was applied with adjustment of head and 
neck position and use of Macintosh No. 4 blade or 
Miller No. 2 or 3 blade as the situation required. 
When a grade 3 view was encountered, according to 
the laryngoscopist’s discretion, a gum elastic bougie 
was inserted underneath the epiglottis and the 
endotracheal tube was passed over it. If intubation 
failed after three attempts, the study ended and 
alternative methods for airway placement were 
pursued. This was at the discretion of the attending 
anaesthesiologist.

For bivariate analysis, which examines possible 
predictors one at a time, the two-sided Student’s t 
test was employed for continuous variables and the 
Mann-Whitney U test for continuous data that were 
not normally distributed. Fisher’s exact test or Chi-
square test, as appropriate, was employed for non-
continuous variables. Multivariable logistic regression 

laryngoscopy. Continuous variables are expressed as 
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mean (SD). Non-continuous variables are expressed 
as the number of occurrences (percentage). Odds 

P<0.05.

RESULTS
Intubation was successful in all patients within three 

attempts. No patients were excluded from the study 

Our study population did not include any patients 
of Middle Eastern descent. There were 20 patients 

P=0.048)
than patients with easy laryngoscopy. However, there 

mandibular joint mobility, neck mobility, thyromental 
distance, mouth-opening, neck circumference, pre-
sence of OSA, or upper teeth pathology between 

P=0.049), although this difference 
was small (1.9 mm) and unlikely to be clinically 
relevant (Figure 1). Multivariable logistic regression 
analysis with laryngoscopy grade 3 or 4 as the endpoint 
indicated that none of the factors was an independent 

logistic regression, this study achieved 80% power of 
identifying an odds ratio of 2 comparing those with 
anterior soft neck tissue of greater than 25 mm against 
those with less than or equal to 25 mm.

TABLE 1
Characteristics of obese patients grouped by difficult or easy 

laryngoscopy

Difficult
(n=20)

Easy
(n=44)

P value

Age: y 47 (9) 42 (11) 0.048

Gender: M/F 3/17 9/35 0.740

BMI: kg/m2 56 (12) 57 (15) 0.732

Race: 0.684

Caucasian 15 (30%) 35 (70%)

African-American 5 (36%) 9 (64%)

Modified Mallampati score: 0.884

1 4 (20 %) 8 (18 %)

2 10 (50 %) 20 (46 %)

3 6 (30 %) 16 (36 %)

Obstructive sleep apnoea: 0.271

none 12 (60 %) 32 (73 %)

suspected 1 (5 %) 5 (11 %)

diagnosed 7 (35 %) 7 (16 %)

Neck mobility problems 0 (0 %) 0 (0 %) >0.99

Upper teeth pathology 5 (25 %) 7 (16 %) 0.390

TMJ mobility: 0.715

lower teeth protrude further 
than upper teeth

18 (90 %) 41 (93 %)

both sets of teeth in the 
midline

2 (10 %) 2 (5 %)

lower teeth do not reach 
upper teeth

0 (0 %) 1 (2 %)

Thyromental distance: cm 8.5 (1.1) 8.7 (1.0) 0.426

Mouth opening: cm 4.6 (0.5) 4.9 (0.5) 0.102

Neck circumference: cm 43.5 (4.7) 44.3 (5.3) 0.500

Ultrasound soft tissue: mm 20.4 (3.0) 22.3 (3.8) 0.049

Values presented as mean (SD) or numbers (%). TMJ= 
temporomandibular joint.

For the patients that participated in this study, 
only three had a Cormack and Lehane grade of 4. 
The anterior soft tissue thickness of two of these 
three patients were moderately high (25.2 mm and 
24.9 mm) while the third was quite low (15.9 mm). 
The mean thickness of those with grade 4 was 
22.0 mm, which perhaps appears a bit higher than 
those with grade 3 (mean=20.1 mm), but quite similar 
to those with grade 1 (mean=22.5 mm) and grade 2 
(mean=22.2 mm). Hence there did not appear to be 
a relationship between anterior soft tissue thickness 
and the Cormack and Lehane grade.

FIGURE 1: The amount of zone 1 soft tissue (circles) in individual 
patients. The open symbols show the data from a study performed 
in Israel8. The filled symbols show current data (collected in 
Louisville, Kentucky, U.S.A.). 
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TABLE 2
Independent predictors for difficult laryngoscopy using multivariable 

analysis

Odds ratio 
(95% confidence interval)

P value

Age 1.09 (0.99-1.20) 0.083

Gender 1.20 (0.11-13.2) 0.876

BMI 0.99 (0.93-1.05) 0.725

Race 1.85 (0.32, 10.6) 0.489

Teeth pathology 1.55 (0.25-9.71) 0.638

TMJ mobility 1.61 (0.14-18.96) 0.705

Obstructive sleep 
apnoea:

0.095

2 vs. 0 7.4 (1.2, 45.5)

2 vs. 1 5.7 (0.28, 11.11)

Modified Mallampati 
score:

0.974

1 vs. 3 1.30 (0.14, 11.70)

2 vs. 3 1.12 (0.22, 5.54)

Mouth opening 0.48 (0.10-2.30) 0.357

Thyromental distance 1.33 (0.54-3.30) 0.541

Neck circumference 0.97 (0.80-1.17) 0.761

Ultrasound soft tissue 0.16 (0.02-1.75) 0.134

TMJ=temporomandibular joint.

DISCUSSION

laryngoscopy had slightly thinner pretracheal tissue 
at the level of the vocal cords than did those with 
easy laryngoscopy. Although this difference was 

2 mm and thus clinically unimportant. In contrast, the 
study of Ezri et al8 showed differences in mean values 

laryngoscopy patients that exceeded 10 mm with no 
overlap between the groups. 

One reason for the different results between our 
study and that of Ezri et al may relate to the ethnicity 
of the patient populations. There are recognised 
differences in fat distribution between various ethnic 
groups14,15. The patients in our study were Caucasians 
and African Americans; in contrast, Ezri et al8 studied 
Middle Eastern patients. Although our patients had 
an average BMI 10 kg/m2 greater than in the Israeli 

co-workers’ study had a larger neck circumference and 

or easy laryngoscopy patients in our study. Thus Ezri 

clearly had different neck shapes and presumably 

different neck soft tissue distribution compared to their 
easy laryngoscopy patients, and also to both groups 

laryngoscopies had similar characteristics as their easy 
laryngoscopy counterparts. One can speculate that it 

in our study population did not have maxillofacial 
or upper airway abnormalities, which would have 
clearly distinguished them from those with easy 
laryngoscopies. Rather, they could be normal obese 
people, which are common in the United States16. In 

with remarkably larger neck circumference and 
pretracheal tissue thickness would suggest that they 
might have maxillofacial or upper airway anomalies 
that were not simply caused by obesity. This could 
also be an explanation of discrepancy of our results, 
apart from simple ethnic differences between the two 
studies.

Another difference between the current study 
and the one of Ezri et al8 is that only 18% of our 
participants were men while men made up almost half 
of the participants in the Ezri et al8 study (42%). Most 

8

study were men (7 of 9), whereas in our study only 3 of 

Our multivariate analysis did not identify gender as 

nonetheless, gender differences are yet another factor 
that differed between the two study populations.

A methodological difference between our own 
and the Ezri et al study8 that might affect the direct 
comparison between the results of the two studies, 
was that we did not do the BURP manoeuvre during 
evaluation of Cormack and Lehane score. The BURP 
manoeuvre improves laryngoscopic visualisation in 

13

vs 18% in Ezri’s study8. However, we considered 

manner to all the patients and, therefore, did not 
apply BURP manoeuvre at all in order to maintain the 
evaluation of Cormack and Lehane score consistent.

An additional potential explanation for the 
difference between the two studies was that the 
ultrasound techniques were not identical. However, 
we replicated the technique of Ezri et al8 to the 
extent possible with the on-site assistance of Dr Ezri. 
The precision and repeatability of the ultrasound 
scans in our study was high enough to consider the 
measurement was conducted in the same manner. 
It thus seems unlikely that ultrasound methodology 
per se explains our different results. Also we used 
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three laryngoscopists in our study in contrast to 
only one in the Ezri et al study8. Hence, difference 
in laryngoscopic technique between laryngoscopists 
could be a potential factor in our study. However, all 
the laryngoscopists that participated in our study had 
more than 10 years’ experience and we standardised 
the laryngoscopic methods before the start of the 
study and used the same size laryngoscope and 
tracheal tube. It is thus unlikely that the use of three 
laryngoscopists confounded the results of the study to 

We used bivariate analysis to determine which 

older age. Although a 5.6-year difference in mean 
age between the groups may not be considered 
clinically important, this result is in accord with a 
known association between older age and intubation 

2,17.
A multivariate logistic regression with a laryngo-

scopy grade of 3 or 4 as the endpoint indicated that 
none of the factors included in the analysis was an 

However, if the analysis excluded undiagnosed OSA 
patients (i.e. included only OSA patients diagnosed 
with polysomnography and patients without OSA), 

2,4,8. The
structure of the pharynx in patients with OSA has 
been well studied. A larger soft palate and tongue 
area18 and increased lateral pharyngeal muscle18, fat 
deposit19-21 and retropharyngeal tissue22 characterise 
the pharyngeal structure of OSA patients. The in-
crease in pharyngeal soft tissue in these regions may 

these tissues are located in areas that may need to be 
displaced to straighten the oral axis and laryngeal axis 
to visualize laryngeal inlet by direct laryngoscopy (i.e. 
above the level of epiglottis). 

In contrast, fat deposits anterior to the airway 
in submental regions were observed in all obese 
subjects irrespective of existence of OSA19. These
regions, which include the anterior neck soft tissue 
at the level of vocal cords, are not associated with 
OSA, presumably because the airway at this level 

cartilages (i.e., thyroid cartilage and cricoid cartilage). 
In addition, soft tissue at this level need not be much 
dislocated to visualise the laryngeal inlet because 
the tip of a Macintosh laryngoscope blade does not 
usually reach past the epiglottis during laryngoscopy. 
While not evaluated in this study, it remains possible 
that ultrasound measurement of soft tissue anterior 
to the airway at the levels that need to be displaced by 

the laryngoscope blade (i.e. at the hyoid or thyrohyoid 

Except age, none of the other variables that 

laryngoscopy with bivariate analysis predicted 

12 of 64 were men. The small number of men may 
explain why the widely observed male dominance in 

Also none of our patients had decreased thyromental 
distance (<6 cm) or decreased mouth-opening 
(<3 cm) and only a small number of them had 
decreased temporomandibular joint mobility. These
small numbers are the most likely reason that none of 

23, inter-
observer variability23 remains a potential reason why 

pertain to predicting differences between grades 1-2 
and grade 3.

In summary, although reported to be a sensitive 
predictor in an Israeli population, pretracheal soft 
tissue thickness at the level of vocal cords does not 

United States.
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