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BACKGROUND: Using the intubation difficulty scale (IDS), we sought to confirm that
obese patients are more difficult to intubate than lean patients. We assessed
classical bedside tests and included neck circumference.

METHODS: We prospectively compared the incidence of difficult tracheal intubation
in 70 obese [body mass index (BMI) =30 kg/m?] and 61 lean patients (BMI <30
kg/m?). The IDS scores, categorized as difficult intubation (IDS >5) or not (IDS =5),
and the patient data, were compared between lean and obese patients. Preoperative
measurements [BMI, neck circumference (at the level of the thyroid cartilage), width of
mouth opening, sternomental distance, and thyromental distance], medical history of
obstructive sleep apnea syndrome, and several scores (Mallampati, Wilson, El
Ganzouri) were recorded. The view during direct laryngoscopy was graded, and
the IDS was recorded. We then compared patients with IDS =5 and >5, concerning
each item.

RESULTS: The results indicate that difficult tracheal intubation is more frequent in
obese than in lean patients (14.3% vs 3%; P = 0.03). In the patients with IDS > 5,
thyromental distance, BMI, large neck circumference, and higher Mallampati score
were the only predictors of potential intubation problems.

CONCLUSION: We found that problematic intubation was associated with thyro-
mental distance, increasing neck circumference, BMI, and a Mallampati score of
=3. Neck circumference should be assessed preoperatively to predict difficult

intubation.

(Anesth Analg 2008;106:1132-6)

Difﬁculties with tracheal intubation significantly
contribute to the morbidity and mortality associated
with anesthesia.! Identifying situations and patients at
risk for airway management problems is a key to
optimal care and has been the focus of numerous
publications.>’

Several reviews have reported that endotracheal
intubation is more difficult in obese than in lean
patients.>* However, this assertion remains controver-
sial because other studies have found no evidence that
tracheal intubation is more difficult in obese than in
lean individuals.”® One reason for these discrepancies
is the lack of consensus on the definition of the term
“difficult intubation,” which varies among authors.
However, an objective scoring system has been pro-
posed to assess intubation difficulty: the intubation dif-
ficulty scale (IDS) score, which has been validated by
Adnet et al.” This score uses several variables associated
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with difficult intubation and has already been used to
compare obese with lean patients.®

Although obesity is thought to increase the risk of
difficult intubation, increased body mass index (BMI)
poorly predicts difficult laryngoscopy.”® Prediction of
difficult laryngoscopy in obese patients is challenging.
Suggested predictors include history of obstructive
sleep apnea (OSA) syndrome,>”~'" high Mallampati
score,”” increased age, male sex, short neck, and
abnormal upper teeth.”!? Juvin et al. found that none
of the classic factors for difficult intubation was satis-
factory in obese patients.® However, they did not
assess the finding of Brodsky et al. concerning the
association between problematic intubation and large
neck circumference.”

The aim of this study was to compare the incidence
of difficult tracheal intubation, by means of the IDS
score, between lean and obese patients assessed with
classical bedside tests and neck circumference.

METHODS

After approval by our local ethics committee, all
patients provided informed consent. All obese pa-
tients scheduled for surgery under general anesthesia
with endotracheal intubation were enrolled in this
prospective study at University Hospital of Toulouse.
Obesity was defined as a BMI >30 kg/m? Concomi-
tantly, all the lean (BMI <30 kg/m?) adult patients
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who were scheduled for surgery during the same
period and who were intubated by the same anesthe-
siologists were included in the control group. Patients
scheduled for regional anesthesia and general anes-
thesia without endotracheal intubation, or those with
upper airway pathology (i.e., maxillofacial fractures,
tumors, etc), cervical spine fractures and patients
younger than 18 yr were excluded from the study.

Preoperatively, a complete medical history was
obtained. Significant comorbidities, including snoring
and diagnosis of OSA syndrome, were recorded.
Height and weight were used to calculate BMI. Neck
circumference (cm) (at the level of the thyroid cartilage)
and the width of mouth opening (cm) (measured as the
interincisor gap with the mouth fully opened) were
measured. The thyromental distance (cm) and the ster-
nomental distance (cm) were measured with the neck
extended. For each patient, other variables that may
predict difficult intubation were collected: the modified
Mallampati classification without phonation (class I:
soft palate, fauces, uvula, and pillars visible; class II:
soft palate, fauces, and uvula visible; class III: soft
palate and base of uvula visible; and class IV: soft
palate not visible),'*> presence or absence of impaired
temporomandibular joint mobility (inability to move
the lower teeth in front of the upper teeth); limited
neck movement: inability to extend and flex the neck
to a range around 90 degrees; presence or absence of
abnormal protruding upper teeth, retrognathie, and
macroglassie. Then, the Wilson et al. and El Ganzouri
et al. scores were calculated.*'*

Hydroxyzine (100 mg) was given orally as pre-
medication around 2 h before surgery. In the operat-
ing room, patients were positioned with pillows or
towels under their shoulders, with the head elevated
and neck extended in the sniffing position.'” Each
patient was routinely monitored by an electrocardio-
gram, pulse oximetry, and noninvasive arterial blood
pressure. Patients breathed 100% oxygen by facemask
for a minimum of 3 min. Anesthesia was then induced
with propofol (2-2.5 mg/kg) and succinylcholine (1
mg/kg), for facilitation of endotracheal intubation
with the dosages previously recommended.'® Cricoid
pressure was applied as described by Sellick'” and
released if it disturbed the intubation.

The laryngoscopy view was graded according to
Cormack and Lehane’s scale'® as follows: grade 1
view, the vocal cords were completely visible; grade 2,
only the arytenoids were visible; grade 3, only the
epiglottis was visible; and grade 4, the epiglottis was
not visible. Intubation difficulty was assessed with the
IDS developed by Adnet et al.” on the basis of seven
variables associated with difficult intubation, which
were recorded by the anesthesiologist in charge of the
patient. They are as follows: N1, number of additional
intubation attempts; N2, number of additional opera-
tors; N3, number of alternative intubation techniques
used; N4, laryngoscopy view as defined by Cormack
and Lehane (grade 1, N4 = 0; grade 2, N4 = 1; grade
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3, N4 = 2; and grade 4, N4 = 3); N5, lifting force
applied during laryngoscopy (N5 = 0 if inconsider-
able and N5 = 1 if considerable); N6, need to apply
external laryngeal pressure to improve glottic pres-
sure (N6 = 0 if no external pressure or only the Sellick
maneuver was applied and N6 = 1 if external laryn-
geal pressure was used); and N7, position of the vocal
cords at intubation (N7 = 0 if abducted or not visible
and N7 = 1 if adducted). The IDS score is the sum of
N1 through N7. A score of 0 indicated intubation
under ideal conditions. An IDS score from 1 to 5
indicated slight difficulty, and an IDS score >5 indi-
cated moderate to major difficulty.” Then, we defined
two groups of patients according to the IDS values:
those with an IDS score =5 (i.e.,, easy and slight
difficulty) and those with an IDS score >5 (ie.,
difficult intubation).

Before the trial and based on the previous study of
Dhonneur et al.,'” a power calculation for a 17%
difference in the success rate with a probability level «
of 0.05 and power of 0.80 (1-B) yielded a sample size of
57 patients for each group. We enrolled more patients
in each group to allow for drop out. Statistical analysis
was performed using the Statview software (SAS
Institute Inc., version 5.0, Cary, NC). Data are pre-
sented as mean * sp or percent. x> Test or Student’s
t-test was performed when appropriate. Then, we
performed a logistic regression to discriminate if BMI
and neck circumference are independently correlated
to a difficult intubation. P < 0.05 was considered
statistically significant.

RESULTS

Seventy morbidly obese and 61 nonobese patients
were enrolled in this prospective study. Demographic
data and preintubation variables are shown in Table 1.

No intubation was impossible in this series. The
incidence of difficult intubation (IDS >5) was more
frequent in the obese than in the lean patients (n = 10,
14.5% in group O vs n = 2, 3% in group NO; P < 0.03,
Table 1).

Then, we compared patients (obese and lean) with
an IDS score =5 and those with an IDS score >5 (Table
2). No difference was found between groups concern-
ing: sex, ASA physical status, age, mouth opening <35
mm, mandibular recession, buck teeth, mandibular sub-
luxation, macroglossia, Cormack score, OSA syndrome,
neck mobility <90 degrees. Items reaching statistical
significance or with a trend are shown in Table 2.
Logistic regression found that neck circumference and
large BMI are independently correlated to a difficult
intubation with a P = 0.0012 [odd ratio, 1.373
(1.133-1.664)] for neck circumference and P = 0.0497
[odd ratio, 1.066 (1-1.135)] for BMI. Information on the
accuracy of the tests and statistically significant differ-
ence between IDS =5 and >5 are given in Table 3 (see
Appendix for definitions).
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Table 1. Demographic Data

Group O (n = 70) Group NO (n = 61) P

Sex (M/F) 14/86 53/47 0.0001
ASA (I/11/100) 50/46/4 62/36/2 NS
Age (yr) 43 + 12 47 =18 NS
Weight (kg) 116 + 22 71+ 11 <0.0001
Height (cm) 164 =9 169 = 10 NS
BMI 44 + 8 24 +3 <0.0001
Neck circumference 42 +5 39 +4 0.003
Thyromental distance 9+3 8§+2 0.03
Sternomental distance 15+4 14 +3 NS
MO <35 mm 4% 10% NS
Mallampati I/11/1I1/IV 53/24/19/4 74/23/3/0 0.009
Mandibular recession 10% 10% NS
Buck teeth 7% 8% NS
MS 11% 1.5% 0.03
Macroglossia 17% 0% <0.05
Cormack score 1/2/3/4 66/22/6/6 72/24/2/2 NS
Sleep apnea syndrome 13% 0% <0.05
Neck mobility <90° 10% 11% NS
Wilson score >2 67% 16% <0.0001
El-Ganzouri >4 27% 11% 0.03
IDS >5 14.5% 3% 0.03

Data are expressed as percentages or as mean * sb.

BMI = body mass index; IDS = intubation difficulty scale; MO = Mouth opening; MS = Mandibular subluxation; NO = non obese; O = obese.

Table 2. Demographic Data Comparison of IDS >5 and <5

Group IDS >5 (n = 12) Group IDS <5 (n = 119) P
BMI 46 = 12 34+3 0.0002
Neck circumference 47 + 4 40 = 4 <0.0001
Mallampati score >3 67% 13% <0.0001
Thyromental distance 10 £3 8+3 0.03
Sternomental distance 17 =5 14 +4 0.08
Wilson score >2 75% 40% 0.02
El-Ganzouri >4 17% 20% 0.08

Data are expressed as percentages or as mean = sp.
BMI = body mass index; IDS = intubation difficulty scale.

Table 3. Tests for Difficult Intubation

Sensitivity ~ Specificity PPV NPV
(%) (%) (%) ()
NC >43 cm 92 84 37 99
Mallampati 67 87 33 96
score >3
BMI 83 50 14 96
NC + Mall 58 92 44 96
TD >6 cm 100 82 35 100
WS >2 75 60 16 96

Data are expressed as percentages or as mean = sp.

BMI = body mass index; Mall = Mallampati score; NC = neck circumference; NPV =
negative predictive value; PPV = positive predictive value; TD = thyromental distance; WS =
Wilson score.

DISCUSSION

This study confirms that problems with difficult intu-
bation are more frequent in obese than in lean patients.®
Moreover, neck circumference and Mallampati score >3
were identified as important predicting factors.”

The association between obesity and difficult intu-
bation is still a matter of debate. This association was
previously found in noncomparative studies®**' or in
studies of small numbers of patients.*** For example,
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for Wilson et al., a body weight over 95 kg, was
considered a risk factor for difficult intubation.* As the
patient’s height was not recorded, a tall patient could
have easily been confused with an obese patient just
on the basis of weight. In the same way, negative
previous studies that failed to demonstrate a higher
occurrence of difficult intubation in morbidly obese
patients also failed to distinguish between difficult
intubation and difficult laryngoscopy.”®** In addition,
some of these studies were performed with a small
number of patients,6 or without control (i.e., lean)
patients.” Poor laryngoscopic view does not always
equate with difficult tracheal intubation. The medical
literature on this subject is confusing because of the
lack of consensus on the definition of “difficult intu-
bation,” which varies among authors. There have been
many attempts to develop a score to measure the
complexity of endotracheal intubation. Most methods
are quite complicated, involving numerous variables.
An objective scoring system has been proposed to
assess intubation difficulty: the IDS score, which has
been validated,” and already used in obese patients.®
Effectively, Juvin et al. showed that intubation was

ANESTHESIA & ANALGESIA



more difficult in obese patients, using IDS as in our
study, whereas the incidence of difficult laryngoscopy
(i-e., Cormack class III or IV) was similar in obese and
lean patients, as in our results.®

Finding a bedside test that is effective for predicting
difficult intubation is still challenging." Among the
potential predictors we evaluated, thyromental dis-
tance, BMI, neck circumference, and a Mallampati
score >3 were the only useful bedside test predictors
of difficult intubation. Our results thus confirm the
work of Brodsky et al.” who showed that neck circum-
ference at the thyroid cartilage is a valuable predictor
of difficult laryngoscopy in obese patients. Interest-
ingly, all other putative predictors were similar in the
two populations. Moreover, neck circumference also
seems to be a predictive test in lean patients. Circum-
ference does not indicate the amount of soft tissue at
various topographic regions within the neck. Distribu-
tion of fat in specific neck areas, especially the anterior
neck, may provide a better indication of difficult
intubation than neck circumference. By using mag-
netic resonance imaging measurements in obese pa-
tients with and without OSA syndrome, Horner et al.
demonstrated that more fat was present in areas
surrounding the collapsible segments of the pharynx
in patients with OSA syndrome.** This may explain why
some obese patients are easy to intubate/ventilate, while
others are not. Furthermore, difficult intubation had
been significantly associated with OSA.' Erzi et al.
tested the hypothesis that difficult laryngoscopy could
be predicted in morbidly obese patients by the quantifi-
cation of neck soft tissue at the level of the vocal cords
and suprasternal notch using ultrasonography.” Among
the potential predictors of difficult laryngoscopy, the
amount of pretracheal soft tissue quantified by ultra-
sound was the only measure that fully distinguished
easy laryngoscopies from difficult one.” These results
suggest that pretracheal soft tissue, assessed by ultra-
sound, warrants additional study as a predictor of
difficult laryngoscopy in morbidly obese patients. As
the use of ultrasound devices in anesthesiology be-
comes more common, they could prove to be useful as
predictors for difficult laryngoscopies.

This study has several limitations. It was not
blinded and randomized; however, it was impossible
to maintain blindness. Moreover, the study design
situations closely resembles real life. Lastly, OSA
syndrome was only assessed clinically and not by
polysomnography.*

In conclusion, we found that a difficult intubation
(IDS >5) was associated with thyromental distance,
increasing neck circumference, BMI, and a Mallampati
score of =3 in obese patients. This study supports the
use of assessing neck circumference preoperatively to
predict a potentially difficult intubation.

APPENDIX: DEFINITION OF TERMS

True positive = a difficult intubation that had been
predicted to be difficult.
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False positive = an easy intubation that had been
predicted to be difficult.

True negative = an easy intubation that had been
predicted to be easy.

False negative = a difficult intubation that had been
predicted to be easy.

Sensitivity = the percentage of correctly predicted
difficult intubations as a proportion of all intubations
that were truly difficult, i.e.:

True positives/(true positives + false negatives)

Specificity = the percentage of correctly predicted
easy intubations as a proportion of all intubations that
were truly easy, i.e.

True negatives/(true negatives + false positives)

Positive predictive value = the percentage of correctly
predicted difficult intubations as a proportion of all
predicted difficult intubations, i.e.:

True positives/(true positives + false positives)

Negative predictive value = the percentage of cor-
rectly predicted easy intubations as a proportion of all
predicted easy intubations, i.e.:

True negatives/(true negatives + false negatives)

REFERENCES

1. Shiga T, Wajima Z, Inoue T, Sakamoto A. Predicting difficult intuba-
tion in apparently normal patients. A meta-analysis of bedside screen-
ing test performance. Anesthesiology 2005;103:429-37

2. Benumof JL. Management of the difficult adult airway: with
special emphasis on awake tracheal intubation. Anesthesiology
1991,75:1087-110

3. Lienhart A, Auroy Y, Pequignot F, Benhamou D, Warszawski J,
Bovet M, Jougla E. Survey of anesthesia-related mortality in
France. Anesthesiology 2006;105:1087-97

4. Wilson ME, Spiegelhalter D, Robertson JA, Lesser P. Predicting
difficult intubation. Br J Anaesth 1988;61:211-6

5. Brodsky JB, Lemmens H]J, Brock-Utne JG, Vierra M, Saidman LJ.
Morbid obesity and tracheal intubation. Anesth Analg
2002;94:732-6

6. Bond A. Obesity and difficult intubation. Anaesth Intensive
Care 1993;21:828-30

7. Adnet F, Borron SW, Racine SX, Clemessy JL, Fournier JL,
Plaisance P, Lapandry C. The intubation difficulty scale
(IDS): proposal and evaluation of a new score characterizing
the complexity of endotracheal intubation. Anesthesiology
1997;87:1290-7

8. Juvin P, Lavaut E, Dupont H, Lefevre P, Demetriou M, Dumoulin
JL, Desmonts JM. Difficult tracheal intubation is more common in
obese than in lean patients. Anesth Analg 2003;97:595-600

9. Ezri T, Medalion B, Weisenberg M, Szmuk P, Warters RD,
Charuzi I. Increased body mass index is not a predictor of
difficult laryngoscopy. Can ] Anaesth 2002;50:179—-83

10. Hiremath AS, Hillman DR, James AL, Noffsinger W], Platt PR,
Singer SL. Relationship between difficult tracheal intubation
and obstructive sleep apnoea. Br ] Anaesth 1998;80:606-11

11. Benumof JL. Obstructive sleep apnea in the adult obese patient:
implications for airway management. ] Clin Anesth 2001;13:144-56

12. Rocke DA, Murray WB, Rout CC, Gouws E. Relative risk
analysis of factors associated with difficult intubation in obstet-
ric anesthesia. Anesthesiology 1992,77:67-73

13. Mallampati SR, Gatt SP, Gugino LD, Desai SP, Waraksa B,
Freiberger D, Liu PL. A clinical sign to predict difficult tracheal
intubation: a prospective study. Can Anaesth Soc ] 1985;32:429-34

© 2008 International Anesthesia Research Society 1135



14.

15.

16.
17.
18.

19.

20.

1136

El-Ganzouri AR, McCarthy R], Tuman K], Tanck EN, Ivankovich
AD. Preoperative airway assessment: predictive value of a multi-
variate risk index. Anesth Analg 1996,82:1197-204

Adnet F, Baillard C, Borron SW, Denantes C, Lefebvre L,
Galinski M, Martinez C, Cupa M, Lapostolle F. Randomized
study comparing the “sniffing position” with simple head
extension for laryngoscopic view in elective surgery patients.
Anesthesiology 2001;95:836—-41

Lemmens HJM, Brodsky JB. The dose of succinylcholine in
morbid obesity. Anesth Analg 2006;102:438-42

Sellick BA. Cricoid pressure to control regurgitation of stomach
contents during induction of anaesthesia. Lancet 1961;2:404—-6
Cormack RS, Lehane J. Difficult tracheal intubation in obstetrics.
Anaesthesia 1984;39:1105-11

Dhonneur G, Ndoko SK, Yavchitz A, Foucrier A, Fessenmeyer
C, Polliand C, Combes X, Tual L. Tracheal intubation of
morbidly obese patients:LMA CTrach TM vs direct laryngos-
copy. Br ] of Anaesthesia 2006,97:742-5

Fox GS, Whalley DG, Bevan DR. Anaesthesia for the morbidly
obese: experience with 110 patients. Br ] Anaesth 1981;53:811-6

Neck Circumference and Difficult Tracheal Intubation

21.

22.

23.

24.

25.

26.

Buckley FP, Robinson NB, Simonowitz DA, Dellinger EP. An-
aesthesia in the morbidly obese: a comparison of anaesthetic
and analgesic regimens for upper abdominal surgery. Anaes-
thesia 1983;38:840-51

Hood DD, Dewan DM. Anesthetic and obstetric outcome in
morbidly obese parturients. Anesthesiology 1993;79:1210—-8
Voyagis GS, Kyriakis KP, Dimitriou V, Vrettou I. Value of oropha-
ryngeal Mallampati classification in predicting difficult laryngos-
copy among obese patients. Eur ] Anaesthesiol 1998;15:330—4
Horner RL, Mohiaddin RH, Lowell DG, Shea SA, Burman ED,
Longmore DB, Guz A. Sites and sizes of fat deposits around the
pharynx in obese patients with obstructive sleep apnoea and
weight matched controls. Eur Resp ] 1989;2:613-22

Ezri T, Gewtirtz G, Sessler DI, Medalion B, Szmuk P, Hagberg C,
Susmallian S. Prediction of Difficult Laryngoscopy in Obese
Patients by Ultrasound Quantification of Anterior Neck Soft
Tissue. Anaesthesia 2003;58:1111-4

Siyam MA, Benhamou D. Intubation in morbidly obese patients.
Anesth Analg 2003;96:913

ANESTHESIA & ANALGESIA



