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ABSTRACT

Background: This study was conducted to assess whether intubation is more difficult in obese patients
compared to non-obese and to assess the ability of ratio of the neck circumference to thyromental distance
(NC/TM), to predict difficult intubation in obese patients.

Methods: This study is a cross sectional study. After obtaining institutional approval, consenting patients
were enrolled in this study. The incidence of difficult tracheal intubation in 166 obese (BMI>25 kg/ m2) and
166 non-obese patients was compared. Difficult intubation was determined using the Intubation Difficulty
Scale (IDS>5).Airway assessment indices were evaluated for their relation to IDS. NC/TM was calculated and
its ability to predict difficult intubation in obese patients as well as non obese patients was assessed.

Results: Difficult intubation was more frequent in obese patients than in non-obese patients (14.5% vs 7.2
%;P =0.031). NC/TM at a cut-off > 4.99 showed the high sensitivity, specificity and a positive likelihood ratio,
and large area under the curve on ROC curve in the obese.

Conclusion: Difficult intubation defined by IDS were common in obese patients compared to non-obese. Neck
circumference to thyromental distance ratio > 4.99 yielded a very high sensitivity, specificity and positive
likelihood ratio in the obese group. Therefore, it may be used as a screening test for predicting difficult
intubation in the obese.

Keywords: airway management; obesity; risk assessment; tracheal intubation.

INTRODUCTION

Airway management is undoubtedly one of the
most important responsibilities of an anaesthesio-
logist, yet documentation of the clinical
assessment, which is a professional requirement,
is often incomplete. Careful airway assessment
before the induction of anaesthesia is of utmost
importance as poor airway management has been
recognized as a serious patient safety concern for
almost three decades. Although vast improve-
ments in patient monitoring, airway devices, and
clinical protocols and training have reduced the

risk associated with an unpredicted difficult
airway (DA), these advancements have not
reduced the incidence of unexpected DASs in
clinical practice.

The literature is rich with studies and meta-
analyses attempting to determine the best single
method or combination of methods to aid the
anesthesiologist in predicting difficult intubation.
Although there are numerous studies for
anticipating difficult intubation, none is accurate.
The diagnostic accuracy of these screening tests
varies between different studies. This is attributed
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to difference in incidence of difficult
laryngoscopy, inadequate  statistical power,
different test thresholds and differences in patient
characteristics.!  Patient characteristics ~differ
greatly due to race or ethnicity which may
influence the incidence of difficult laryngoscopy
and difficult intubation. The majority of studies of
difficult laryngoscopy and intubation have been
performed in the American or European popula-
tion*. Anthropometrically, Indians are different
compared to the Americans or Europeans.

In Indian population, the incidence of difficult
laryngoscopy and intubation was 9.7% and 4.5%,
respectively according to Smitha et al® . Adequate
data of normal values in a given population may
help the clinician to identify patients who are
outside the range and therefore potentially
challenging. Moreover, most studies do not
provide a ‘measure’ of difficult intubation in
patients with difficult laryngoscopy.

There are divided opinions regarding difficulty of
intubation in obese and non-obese. One reason for
these discrepancies is the lack of consensus on the
definition of the term “difficult intubation,” which
varies among authors. The best way to predict a
difficult intubation in obese patients remains
debatable as body mass index (BMI) poorly
predicts difficult intubation. This study is
considering neck circumference to thyromental
distance ratio as a predictor, assuming it can
represent the neck soft tissue mass.

Intubation Difficulty Scale (IDS) has been used as
a validated score for rating difficult intubation’.
So in this study IDS is being used to compare ease
of intubation in obese and non- obese.

The aims of this study were to compare difficult
intubation in obese and non-obese using
Intubation Difficulty Scale and to assess whether
there is an association between neck circumfe-
rence to thyromental distance ratio and difficult
intubation.

MATERIALS AND METHODS

After getting approval from the Institutional
Ethical Committee and written informed consent,
332 ASA (American Society of Anaesthesio-

logists) 1 and 2 patients more than 18 years
undergoing elective general anaesthesia with
tracheal intubation were included in the study. It
was a cross sectional study and purposive
sampling technique was used. The sample size of
the study was calculated based on the results
obtained in the parent study -“Neck
circumference to thyromental distance ratio: a
new predictor of difficult intubation in obese
patients™ BJA®, published in February 24,
2011.The sample size was found to be 166 in each
group: obese and non-obese. According to WHO:
Asia Pacific perspective- Redefining obesity
(2000)°, patients with a BMI of >25 /m® was
assigned as obese. Those with an upper airway
pathology (i.e. maxillofacial fractures, tumors,
etc.), cervical spine fracture and those with
thyroid swelling or other neck swelling were
excluded from the sudy.

The patients were assessed in the Pre —anaesthetic
clinic. Data collected was entered in a pre-
structured questionnaire. A previous history of
difficult intubation was noted. Weight, height,
neck circumference, mouth opening, thyromental
distance and sterno mental distance was measured.
Modified Mallampati classification, presence or
absence of impaired temporomandibular joint
mobility, retrognathia, limited neck movement
(assessed by inability to extend and flex the neck
to a range around 90°), and the presence or
absence of abnormally protruding upper teeth
were also recorded. The Wilson risk sum score
was then calculated. Neck circumference was
measured at the level of upper border of cricoid
cartilage in the upright and seated position.

All patients were maintained in fasting state for
about 6-8 hours and received premedication orally
on previous night of surgery. In the operation
theatre, the patients were positioned with cushion
under the head with the neck extended, in the
sniffing position. All routine monitors which
included electrocardiogram, pulse oximetry, and
non-invasive arterial pressure was used for each
patient. Patients was pre-oxygenated with 100%
oxygen through a facemask for 3 min.
Anaesthesia was then induced with propofol 1-
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2.5mg / kg. Cricoid pressure was applied as
described bySellick™ if it was requested by the
anaesthesiologist for a better view at laryngo-
scopy. A Macintosh laryngoscope blade was used
for the laryngoscopy in each case. All intubations
were performed by anaesthesiologists who were
blinded to the assignment of the patient.

The laryngoscopic view was graded according to
Cormack and Lehane’s scale. The outcome,
difficulty of intubation was assessed using the
Intubation Difficulty Scale in the operation
theater. Those with an IDS score of >5 and <5
were defined as the difficult and easy groups,
respectively. Adverse outcomes were also noted.

STATISTICAL ANALYSIS

Data was analyzed using computer software
“Statistical package for social sciences” (SPSS)
ver-16 for windows. The differences between the

obese and non-obese groups were analysed using
Student’s t-test. Differences between the difficult
and easy groups in obese and non-obese were
analysed using univariate analysis using chi-
square test to determine the significant risk
factors. The diagnostic performance of the risk
factors were assessed using the receiver-operating
characteristic (ROC) curves and adequate cut-off
point identified by selecting the maximum
specificity and sensitivity. A value of P< 0.05 was
considered significant.

RESULTS

In each group intubation difficulty was assessed
by the Intubation Difficulty Scale. The groups
were compared with the several airway
assessment variables to see if there was any
association with difficult intubation.

TABLE: 01 COMPARISON OF DIFFICULT INTUBATION IN OBESE AND NON-OBESE

Category
Total
IDS Obese Non-obese
N % N % N %
>5 24 14.5 12 7.2 36 10.8
<5 142 85.5 154 92.8 296 89.2
Total 166 100.0 166 100.0 332 100.0
' =4.486 df=1 p=0. 034

TABLE: 02 COMPARISON OF NECK CIRCUMFERENCE TO THYROMENTAL DISTANCE RATIO
IN OBESE AND NON-OBESE PATIENTS WITH IDS > 5

NC/TM
Category N Mean o t p
Obese 24 5.53 0.91 2.231 .032
Non obese 12 4.62 1.56

TABLE: 03 UNIVARIATE ANALYSIS COMPARING OBESE PATIENTS WITHIDS > 5 AND OBESE

PATIENTS WITH IDS <5

IDS
>5 (N=24) <5(N=142)
mean sd mean sd t p
Age (years) 59.0 10.6 51.5 13.1 2.658 .009
Weight(cm) 76.4 8.9 81.2 7.3 -2.889 .004
Height(cm) 162.4 8.1 164.9 7.9 -1.426 .156
BMI (kg/m?) 28.9 2.3 29.9 1.9 -2.189 .030
NC(cm) 42.6 3.8 44.1 3.6 -1.797 .074
TM(cm) 7.9 1.3 10.7 1.1 -11.302 <0.001
NC/TM 5.5 9 4.2 .6 9.250 <0.001
SM(cm) 16.9 13.0 17.4 1.0 -.428 .669
Mouth opening in cm 5.29 0.33 5.20 0.36 1.081 .281
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ROC CURVE ANALYSIS OF SCREENING TESTS FOR DIFFICULT INTUBATION IN OBESE
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NC/TM showed the highest sensitivity and (AUC) on the ROC curve. The cut-off point for
specificity compared to Mallampati, Wilson score, difficult intubation for NC/TM was found to be
Thyromental distance, Sternomental distance. 4.99.

NC/TM also shows a large area under the curve
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TABLE: 04 TESTS FOR DIFFICULT INTUBATION : OBESE

TEST sensitivity specificity PPV NPV PLR NLR Accuracy

NC/TM >4.99 91.70 95.10 7590 | 9850 | 1859 | 0.09 94.50

MPC >I11 70.80 78.90 36.17 | 94.17 3.35 0.37 77.70

Wilson >2 £8.30 86.60 42.40 | 9240 | 4.35 0.48 82.50

score )

NC (cm) 44.1 54.10 66.20 21.30 | 89.50 1.60 0.69 64.40

T™ (cm) <9.3 95.80 88.70 58.90 | 99.20 | 851 0.04 89.70

SM (cm) <16.45 87.50 88.70 56.70 | 97.60 | 7.77 0.14 88.50
In our study, Thyromental distance and Neck sensitivity. NC/TM also had very high specificity
circumference to Thyromental distance ratio and positive likelihood ratio( PLR) and therefore
showed to be airway assessment tests with good it is a clinical test with good accuracy.

TABLE: 05 UNIVARIATE ANALYSIS COMPARING NON-OBESE PATIENTS WITH IDS SCORE > 5
AND <5

IDS
>5 (N=12) <5(N=154)
mean sd mean sd ! P
Age in years 48.74 14.27 51.92 9.87 0.756 0.451
Weight in Kg 62.82 7.66 60.75 11.38 0.87 0.386
Height in cm 165.14 8.35 165.33 12.05 0.073 0.942
BMI in kg/m2 23.05 2.02 22.04 1.67 1.686 0.094
NCincm 37.79 4.26 37.14 5.83 0.496 0.62
TMincm 11.32 1.62 8.88 2.86 4.688 <0.001
NC/TM 3.4 0.59 4.62 1.56 5.826 <0.001
SMincm 19.44 1.89 16.82 4.19 4,133 <0.001
E/In(])uth opening in 538 0.43 599 031 0.956 0.341
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ROC CURVE ANALYSIS OF SCREENING TESTS FOR DIFFICULT INTUBATION IN NON-OBESE

ROC Curve
1.
. Source
of the
Curve
== MNCITM
08— —Wilson
MPC
EI. 06—
Z
.E
=
L]
“n 0.4
0.2+
0.0 T T T T
0.0 0.2 04 0.6 08 1.0
1 - Specificity
Diagonal segments are produced by ties.
ROC Curve
1.
0 Source
of the
Curve
——MNC
0.5 — T
SM
a 0.5
2
.E
=
€
n 0.4
0.2
/"
0.0=— T T T T
oo 02 04 06 08 1.0
1 - Specificity
Diagonal segments are produced by ties.
At a cut-off of 4.192 neck circumference to thyromental distance ratio and thyromental
thyromental distance ratio had very high distance had a sensitivity of 75% which was
specificity. Thyromental distance had a high greater than Modified Mallampati classification,
specificity of 88%. Both neck circumference to neck circumference and sternomental distance.
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TABLE 06 TESTS FOR DIFFICULT INTUBATIO: NON-OBESE

TEST sensitivity specificity PPV NPV PLR NLR | Accuracy
NC/TM | >4.1 75.00 92.90 45.00 | 97.90 | 1050 | 0.27 91.50
MPC >1II 58.30 89.00 29.10 | 96.40 | 5.28 0.47 96.70
NC >37.6 58.30 57.70 9.70 | 94.60 | 1.38 0.72 57.80
™ <94 75.00 88.30 33.30 | 97.80 | 6.41 0.28 87.30
SM <17.5 58.30 87.70 26.90 | 96.40 | 4.75 0.47 85.60

NC/TM had very high specificity and positive
likelihood ratio. Thyromental distance had a
specificity of 88.3% and sensitivity of 75%.
Modified Mallampati classification had low
sensitivity and positive likelihood ratio.

DISCUSSION

According to the literature, the incidence of
difficult intubation is 1.5-8.5%.'' There are
several screening tests for difficult intubation but
the value is limited when a single test is used'*2.
There are also several scoring systems
incorporating several variables®. But most of these
tests are very time consuming.

The are several studies showing that difficult
intubation incidence is more in the obese
compared with non obese with rate of difficult
laryngoscopy ranging from 12-15.8%,"'*.0Our
study considered 166 obese and 166 non obese
patients and the incidence of difficult intubation
was 14.5% in the obese group and 7.2% in the non
obese group.

Multiple studies™**** have shown that BMI alone
does not offer any predictive value for difficult
intubation. In our study, although obese patients
had higher IDS , the grade of obesity which
influences difficult intubation could not be
assessed due to a limited number of patients with
BMI>35. Gonzalez'® and colleagues in their study
found that intubation was difficult in obese with
BMI >30 and that a large neck circumference
would predict potential intubation problems .Ezri
et al.** used ultrasound to quantify neck soft tissue
at the level of the vocal cords and suprasternal
notch and demonstrated that, in an obese
population, the best predictor of difficult
intubation was distribution of fat in these areas.

Horner et al. demonstrated that more fat was
present in areas surrounding the collapsible
segments of the pharynx in patients with OSA
syndrome’’ by using magnetic resonance imaging
measurements. So distribution of fat in specific
neck areas, especially the anterior neck, may
provide a better suggestion of difficult intubation
than neck circumference. NC/TM was considered
as a variable considering these findings. The
NC/TM was significantly higher in obese patients
with difficult intubation with a mean of 5.53 (SD
0.91) compared to non-obese 4.62 ( SD 1.56). Our
study shows that NC/TM ratio, with a relatively
large area under the curve on ROC and fair
sensitivity and specificity at cut- off 4.99, is a
better airway assessment test for predicting
difficult intubation in the obese. The positive
predictive value was 75.9% and negative
predictive value 98.5%. In the non obese patients,
the NC/TM ratio had a lower sensitivity of 75% at
cut-off 4.192 and a positive predictive value of
only 45% .

Neck circumference cut-off values have been
done in several studies with several different
values obtained each time'®. Hiremathe'® and
colleagues in their study showed that neck
circumference was not associated with difficult
intubation. In our study population, NC did not
have a significance in predicting difficult
intubation. In the obese group, area under the
curve on ROC was only .606 and at a cut -off of
44.1cm the sensitivity was only 54.1% and
specificity 66.2%. The positive predictive value
was low, 21.3%. In the non-obese group, at a cut -
off of 37.65, NC had very low sensitivity, postive
predictive value.
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A meta-analysis by Lee A and colleagues revealed
that modified Mallampati classification had a
poor prognostic value to identify difficult
intubation™2. In our study,in the obese patients, at
a cut-off of Mallamapti class Ill, the sensitivity
was found to be 70.8% and positive likelihood
ratio of 3.35.1n the non-obese patients, at a cut-off
Class Il (with area under the curve on ROC
was.817) , the sensitivity was only 58.3%
,Specificity 89% and accuracy 96.7%.In the meta-
analysis of 55 studies involving a total of 177 088
patients by Lundstrom et al®®, only 35% of
patients with a difficult intubation were identified
as Mallampati 111 or IV and they concluded that
the modified Mallampati is inadequate as a stand-
alone test of a difficult laryngoscopy or
intubation. In this study the positive likelihood
ratio in the obese was 3.35 and non —obese
patients it was 5.28. lohom et al. # also stated that
rather than using the Mallampati classification
alone, using other airway evaluation tests together
is more useful in predicting difficult intubation.
Age between 40 and 59 years can carry a risk for
difficult intubation %. In the obese group 33.3%
patients with IDS >5 were more than 51-60 years.
Osteoarthritic changes could be one reason for
this. In the study by Hyoung-Yong Moon et al® it
was shown that compared to young individuals,
middle-aged or elderly adults are likely to
experience more difficulty in endotracheal
intubation as head and neck  movement,
thyromental distance, and interincisor gap are
decreased and the grade of dentition, Mallampati
score and cervical joint rigidity are increased.

All patients in our study group had a mouth
opening > 3.8cm. A mouth opening of < 3.8 cm
predicts difficult airway®* In our study, there was
no significant difference in mouth opening
between the difficult intubation groups in obese
and non-obese patients.

Wilson’s score® compares several factors. Higher
the risk score, greater the accuracy of prediction
with a lower proportion of false positive?®. None
of the patients in our study group had a Wilson
risk sum score more than 5. At a cut-off of 2,
Wilson’s score had a low sensitivity and low

positive predictive value and high negative
predictive value in the obese group. In the non -
obese, there was no significant association
between Wilson score and IDS

Thyromental distance varies with patient size®.
The accuracy of thyromental distance as a
predictor for difficult airway has been subjected to
previous scrutiny. Racial difference also
influences thyromental distance as a predictor of
difficult laryngoscopy?’. Turkan et al in their study
found that the mean thyromental distances were
9.9 £ 1.4 cm in male patients versus 9.7 + 1.6 cm
in female patients (P < 0.05)%. In our study, the
mean thyromental distance in obese patients was
10.28cm (SD1.51) and 11.14cm (SD1.84) in the
non-obese patients. In our study, thyromental
distance was related to difficult intubation in both
obese and non-obese patients. In the obese
patients, it was found to have a high sensitivity of
95.8%, specificity 88.7% , accuracy of 89.7% and
a positive likelihood ratio of 8.51. In non-obese
patients, the sensitivity was lower.

Studies addressing importance of Sternomental
distance are relatively few”. In the study by
Turkan and colleagues, younger patients (20-30
years) and male patients had longer mean
sternomental distance measurements. Mean
sternomental distances were 17.8 = 2.4 cm in male
patients versus 16.3 = 2.3 cm in female patients (P
<0.01)®. In our study, the mean sternomental
distances were 17.33 (SD 4.92) in the obese
patients and 19.25 (SD 2.22) in the non-obese.
Sternomental distance was related to difficult
intubation in the non-obese patients but with low
sensitivity of 58.3%, sensitivity of 87.7% and
accuracy 85.6%.

To conclude, our study showed that difficult
intubation was higher in obese patients compared
to non-obese. Neck circumference to thyromental
distance ratio was found to have very high
sensitivity, specificity and positive likelihood ratio
in the obese group at a cut-off of > 4.99.
Therefore, it may be used as a screening test for
predicting difficult intubation .

This study has several limitations. In order to
study the incidence of severe intubation
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difficulty a large study population is required.
Due to constraints of time the study population
was limited to 166 in each group. This may have
been responsible for the lack of statistical
significance in some of the results.

Although the anaesthesiologists who performed
the intubations were unaware of the main aims
and purposes of the study, they could have
recognized the patients characteristics in the
operating room. Therefore it was impossible to
maintain complete blindness

Thirdly, patient position may have influenced the
incidence of difficult intubation. In this study, the
sniff position was maintained initially for all
patients. This may have affected the study results.
And also Macintosh No. 3 laryngoscopic blade
was used for the first laryngoscopy in each case
which may have been inappropriate for some
patients as a first choice. The operator should have
decided the blade size depending on patient
characteristics.

CONCLUSION
The major findings of this study

a) Difficult intubation defined by IDS were
common in obese patients compared to
non-obese.

b) Neck circumference to thyromental ratio
was significantly higher in the obese
patients. Neck circumference to thyrom-
ental distance ratio > 4.99 yielded a very
high sensitivity, specificity, and positive
likelihood ratio in the obese group.
Therefore, it may be used as a test for
predicting difficult intubation in the obese.
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