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Background: Difficult tracheal intubation is an important challenge for
anesthesiologists. Many anatomical parameters are available for evaluating the ease
of tracheal intubation. Cormack-Lehane (CL) grade is one that can reliably predict a
difficult intubation but it is an invasive procedure and can be performed in an
anesthetised patient so it is not useful during pre-anesthetic airway evaluation.
Prediction of the CL grading before operation can help in better airway management
during induction of anesthesia.
The aim of this study was to find a correlation between ultrasound measured distance
from skin to epiglottis and from epiglottis to mid-vocal cord with Cormack-Lehane
grading in patients undergoing general anesthesia for predicting difficult intubation.
Methods: In a cross-sectional study, 60 ASA class I - III patients aged 18 - 70 years
who were scheduled for tracheal intubation under general anesthesia were included.
Before anesthesia, an ultrasound view of the airway was obtained and the distance
from skin to the epiglottis and from the epiglottis to the mid-point between the ends
of vocal cords were all recorded. The ultrasound measurements were then compared
with the CL grade during direct laryngoscopy under general anesthesia.
Results: Thirty-six patients had CL grade I, twenty-one had CL grade II and three
had CL grade III. It was observed that the correlation between CL grade and distance
from skin to epiglottis (DSE) with cutoff value 21mm(with an accuracy of 99%, a
sensitivity of 100%, and a specificity of 82% ; P=0.0001) and from epiglottis to mid
vocal cord distance (EMVD) with cutoff value 13.38(with an accuracy of 99%, a
sensitivity of 100%, and a specificity of 85% ; P=0.01) and the ratio of DSE/EMVD
with cutoff value 1.64(with an accuracy of 95%, a sensitivity of 100%, and a
specificity of 91%; P=0.004) was significant for predicting of difficult intubation in
patients with BMI>25.
Conclusion: Our study revealed good correlation between DES/EMVC ratio and
Cormack-Lehane grade, therefore sonographic measurement criteria may be helpful
in airway evaluations before anesthesia for predicting difficult intubation.
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I

nadequate airway management is one of the major
contributors for patient mortality and morbidity
during anesthesia so any clinical tool that can
improve airway management must be considered as an
adjunct to the conventional clinical assessment [1].
Many clinical criteria have been introduced with regard
to evaluation of the patient’s airway before induction of
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anesthesia, including mouth-opening size, Mallampati
classification, jaw protrusion, neck extension,
thyromental distance and the upper-lip bite test.
Cormack-Lehane (CL) grade is one that can reliably
predict a difficult intubation but it is an invasive
procedure and can be performed in an anesthetised
patient so it is not useful during pre-anesthetic airway
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evaluation. Prediction of the CL grading before operation
can help in better airway management during induction
of anesthesia [2-3].
In the last few years, there have been some studies that
described various roles of US imaging in airway
management. It helps in rapid assessment of the airway
anatomy [4-7] In a study by Pinto et al. on 74 adult
patients requiring endotracheal intubation there was a
relationship between difficult laryngoscopy and USmeasured distance from skin to epiglottis(DSE) and they
found that increasing DSE is strongly associated with
difficult laryngoscopy (P =0.001) [8].
In another study by Gupta et al. on 72 patients
scheduled for tracheal intubation under general
anesthesia, the following measurements were obtained on
preoperative airway sonography: (a) the distance from
the epiglottis to the midpoint of the distance between the
vocal Folds (E-VC), (b) the depth of the pre-epiglottic
space (PE), These data were compared with the
Cormack-Lehane classification obtained during direct
laryngoscopy in the operating room. They found that
Cormack-Lehane (CL) grade can be adequately (with
67% -68% sensitivity) predicted by the ratio of PE and EVC distances (PE/E-VC) {0< [PE/E-VC] < 1CL grade 1;
1< [PE/E-VC] < 2CL grade 2; and 2 < [PE/E-VC] < 3CL
grade 3} [9].
Although many studies found successful correlation
between ultrasound measurements and anatomical
landmarks, some studies did not. In a study by Soltani
Mohammadi et al, they found weak correlation between
Cormack-Lehane grade and PE/E-VC, with 87%
sensitivity and 30% specificity [10].
In this regard we conducted a study to find any
correlation between ultrasound measured distance from
skin to epiglottis and epiglottis to mid-vocal Cord
distance with Cormack-Lehane classification for
predicting difficult intubation.

head and neck in a neutral position without a pillow.
Distance from skin to epiglottis was computed at the
central axis and was always performed by an
anesthesiology resident under the supervision of the
attending anesthesiologist, using a high-frequency linear
probe (Medison L5-12EC), (Figure1).
Figure 1- Ultrasound-measured DSE. Distance from
skin to epiglottis is computed as the value of
measurement taken at the central axis.

For next measurement after active maximal head-tilt
and chin-lift the probe was placed in the midline aspect
of the submandibular region. The position of the probe
was kept unchanged, only rotating from cephalad to
caudal (plane G, an oblique transverse plane bisecting the
epiglottis and posterior-most part of the vocal folds with
arytenoids) in a single two-dimensional view. Further
rotation of the ultrasound probe was stopped upon
visualization of plane G (Figure 2).
Figure 2- Ultrasonic plane G for airway evaluation

Methods
This cross-sectional study was performed in 2017 at Dr.
Shariati Hospital of Tehran University of Medical
Sciences. The study included 60 ASA class I–III patients
aged 18- 70 years, who were scheduled for elective
surgery under general anesthesia with direct
laryngoscopy and endotracheal intubation. The exclusion
criteria were any anatomical disturbances such as facial/
cervical fractures, maxillofacial abnormalities, cervical
tumors or goiter, patients with tracheostomy tubes,
morbid obesity, a mouth opening of <4 cm,
hyperextension of neck less than 30 degree and pregnant
patients. Data were collected after receiving approval
from the Ethical Committee of the Hospital and informed
written consent of all patients. Pre-anesthetic
sonographic evaluation of the airway was started to
obtain the US-measured DSE at the thyrohyoid
membrane level, patients were placed supine with their

Plane G was used for sonographic measurements the
distance from the epiglottis to the midpoint distance
between the vocal folds, (Figure3).

Archives of Anesthesiology and Critical Care (Winter 2020); 6(1): 23-26.

Figure 3- Sonographic measurement the distance
from the epiglottis to the midpoint between the vocal
cords
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to mid vocal cord distance (EMVD) with cutoff value
13.38(with an accuracy of 99%, a sensitivity of 100%,
and a specificity of 85% ; P=0.01) and the ratio of
DSE/EMVD with cutoff value 1.64(with an accuracy of
95%, a sensitivity of 100%, and a specificity of 91%;
P=0.004) was significant for predicting of difficult
intubation in patients with BMI>25.
Table 1- Demographic and base line characteristics of
patients
Variables
Values*
Male/female
38/22
Age (y)
39.8±12.5
Weight(kg)
75.4±14.4
Height(cm)
171.0±10.1
BMI(kg/m2)
26.4±4.7
ASA Class I/II/III
37/21/2
* Values are expressed as ratio or mean ± SD

For documentation of Cormack-Lehane grade the
anesthesiologist was asked to view the vocal-cord by
direct laryngoscopy performed before intubation as
follows:
Grade I: Visualization of the entire laryngeal aperture.
Grade II: Visualization of parts of the laryngeal
aperture of the arytenoids.
Grade III: Visualization of only the epiglottis.
Grade IV: Visualization of only the soft palate.
Cormack-Lehane grade I and II was categorized as
easy laryngoscopy; and grade III or IV, as difficult
laryngoscopym [11-14].
Statistical analysis
It was performed by using SPSS (version 22, SPSS,
Chicago, IL, USA). The correlation between independent
quantitative and qualitative variables was assessed with
the t-test. The correlation between nominal and
qualitative variables was assessed using the Chi-square
test. Correlation coefficient and regression analyses were
used for quantitative variables. For calculation of
specificity and sensitivity, Receiver operating
characteristic (ROC) was used. A p<0.05 was accepted as
statistically significant.

Results
Of the 65 consecutive patients enrolled in the study five
were excluded due to using regional anesthesia or
intravenous sedation. A total of sixty patients were
analyzed. Demographic data and Cormack-Lehane grade
of the patients are presented in (Tables 1 and 2).
No patient had Cormack-Lehane grade IV. It was
observed that the correlation between CL grade and
distance from skin to epiglottis (DSE) with cutoff value
21mm(with an accuracy of 99%, a sensitivity of 100%,
and a specificity of 82% ; P=0.0001) and from epiglottis

Table 2- Frequency of Cormack-Lehane grades in the
study patients
Cormack-Lehane grade
Grade I
Grade II
Grade III
Grade IV

Number of patients
36
21
3
0

Discussion
Anatomical criteria that have been introduced for
preoperative airway evaluation are not applicable in
emergency settings or in uncooperative and unconscious
patients. Furthermore, the Cormack-Lehane grade does
not always correlate with the abovementioned criteria.
Therefore, the use of other accurate and non-invasive
method is necessary. The introduction of anatomical
evaluation with 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 [13-14].
In a study by Pinto et al. on 74 adult patients requiring
tracheal intubation they found that increasing DSE was
strongly associated with difficult laryngoscopy (P<0.001,
2-sided t test).They showed that a cutoff value of 27.5mm
was able to predict difficult laryngoscopy with an
accuracy of 74.3%, a sensitivity of 64.7%, and a
specificity of 77.1%.Their study was correlated to ours in
which increasing DSE are associated with difficult
intubation although our cutoff value was less (21mm vs
27.5 mm) [8].
In a study by Gupta et al. in 2012 on 72 patients
undergoing general anesthesia, significant correlations
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were found between Cormack-Lehane grade and
sonographic measurements, peri-epiglottic space (PE)
and the distance from the epiglottis to the vocal cords
(PE/E-VC). They found that the higher the PE/E-VC
ratio, the stronger the possibility of a higher CormackLehane grade on direct laryngoscopy and of difficult
intubation. Although we used DSE instead of PE
measurement, our results was in line with their study in
which the ratio of DSE/EMVD with cutoff value
1.64(with an accuracy of 95%, a sensitivity of 100%, and
a specificity of 91%; P=0.004) was significant and
increasing the ratio was associated with higher CormackLehane grade on direct laryngoscopy and useful for
predicting difficult intubation [9].
In our previous study on 53 patients undergoing general
anesthesia and tracheal intubation we found that
correlations between the pre-epiglottic space (PE) and
Cormack-Lehane grades I, II, and III were weak.
Correlations between the distance from the epiglottis to
the mid-vocal cords (E-VC) and Cormack-Lehane grades
I, II, and III were also weak. The PE/E-VC ratio for
correlations between the sonographic view and
laryngoscopy had 87.5% sensitivity and 30% specificity.
In this regard we conducted a new study with an easier
and practical measurement of DSE instead of PE and to
find any correlation between the DSE/EMVD ratio and
CL grade for predicting difficult intubation [10].
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Conclusion
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Our study showed good correlation between DES/EMVC
ratio and Cormack-Lehane grade in which increasing
DSE and the mentioned ration are associated with
increased risk of difficult intubation. Therefore
sonographic measurement criteria may be helpful in
airway evaluations before anesthesia for predicting of
difficult intubation.
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