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ABSTRACT 

Objective: To ascertain the diagnostic accuracy of raised neck circumference to thyromental distance ratio (NC/TMD) for 
difficulty in intubation among patients with obesity keeping grades III and IV of Cormack and Lehane's score as the gold 
standard. 
Study Design: Cross-sectional validation study. 
Place and Duration of Study: Anesthesiology Department, Combined Military Hospital Rawalpindi, from Jul to Dec 2017. 
Methodology: One hundred and thirty obese patients who had to undergo surgery under general anaesthesia were included 
in the study. All the patients underwent measurement of neck circumference to thyromental distance ratio, and raised neck 
circumference to thyromental distance ratio was noted. Difficult intubation was labelled according to the grades III and IV of 
Cormack and Lehane's score. 
Results: In this study, 130 cases were included. Fifty-eight patients were males, and 72 were females. Diagnostic accuracy of 
raised neck circumference to thyromental distance ratio for difficulty in intubation among patients who were obese, was 
recorded where sensitivity was 83.87%, and specificity was found to be 91.92%, positive predictive value as 76.47%, negative 
predictive value as 94.79%, the accuracy rate was calculated as 90%. 
Conclusion: Our study showed that difficulty in intubation is more frequent in patients who are obese and the neck 
circumference to thyromental distance ratio is a reliable method for foreseeing difficult intubation compared to other 
established predictors with cut off value of 5.0. 
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INTRODUCTION 

Difficulty in tracheal intubation is a predominant 
challenge for anaesthesiologists and may lead to 
morbidity and mortality during surgery. Difficulty du-
ring intubation is one of the most frequently observed 
adverse events leading to anaesthesia malpractice 
claims.1,2 Various attempts have been made to establish 
reliable predictors to avoid difficulty during intubation 
and difficulty in laryngoscopy.3,4 Most airway difficul-
ties happen during induction of anaesthesia when   
they are not assessed before induction of anaesthesia. 
Therefore, anaesthesiologists need to use their clinical 
skills to determine which patients will present difficul-
ties with airway management. Various predictors have 
been developed to assess difficult intubation. Current 
predictors include the Mallampati score, thyromental 
distance (TM), Wilson Score, width of mouth opening 
etc.5 but none of them has a significant diagnostic accu-
racy in clinical anaesthetic practice. All tests have their 

limitations, especially in obese patients. Pre-viously 
researchers have suggested that the reliability of 
predictors for difficulty in intubation by performing 
only one test is limited.6 Thus, combining a couple of 
the most significant risk factors may improve the 
diagnostic value without causing more burden on the 
test.7,8 Therefore, anesthesiologists are always sear-
ching for such predictors for difficult intubation. Some 
literature is available regarding the predictive value 
NC/TMD ratio, but these studies have shown consi-
derable variation regarding its accuracy as a predictor 
for difficulty in intubation.9 

According to Siyam et al, difficulty in intubation 
incidence in patients with obesity having sleep apnoea 
syndrome is 21.9%.10 

We conducted this study to find out the accuracy 
of NC/TMD, which may be considered a new and 
very simple and easy test and can be performed at the 
bedside considering the hypothesis that the difficulty 
in intubation rate would be significant in patients with 
obesity as compared to patients who are not obese. 
However, the existing literature shows variation in 
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sensitivity, specificity and predictive value with the 
scarcity of literature on the local level. NC/TMD will 
give evidence regarding its accuracy in predicting 
difficult intubation and will help anaesthesiologists in 
decision making for the use of NC/TMD to decrease 
the morbidity associated with difficult intubation. The 
objective of this study was to ascertain the diagnostic 
accuracy of raised NC/TMD ratio for difficult intuba-
tion among patients who are obese, keeping grades III 
and IV of Cormack and Lehane's score as the gold 
standard. 

METHODOLOGY 

It was a cross-sectional validation study con-
ducted at Anaesthesiology Department, Combined 
Military Hospital Rawalpindi from July to December 
2017. Patients were included through consecutive non-
probability sampling. Calculation of sample size was 
done using the WHO calculator.11 Study approval was 
taken from the Hospital Ethical Committee (No. 
119/10/2020). 

Inclusion Criteria: Obese patients of either gender 
with  age 20 to 70 years undergoing anaesthesia were 
included in the study. 

Exclusion Criteria: Individuals who had to undergo 
general anaesthesia without tracheal intubation, pa-
tients with an upper airway pathology (e.g. maxillo-
facial fractures and tumours) determined on history 
and examination, and patients with cervical spine frac-
ture determined on history and x-rays cervical spine 
were excluded from the study. 

Two hundred eighty-five patients were consi-
dered for the study. However, only 130 patients with 
obesity who had a BMI of more than 30 kg/m2 under-
going operation through general anaesthesia were 
finally included in the study after informed consent. 

Information regarding the demographic characteristics 
of patients was taken. All the patients underwent 
measurement of NC/TMD, which was measured by 
dividing mean neck circumference with mean thyro-
mental distance. A ratio of more than 5.0 was taken as 
raised NC/TMD ratio. 

Positioning of the patients was done with pillows 
kept beneath the head while the neck extended. All 
patients were monitored with pulse oximetry, ECG, 
and non-invasive arterial pressure. Individuals were 
allowed to breathe 100% oxygen by a face mask for 
greater than three minutes. All the tracheal intubation 
was executed by two anaesthesiologists with experi-
ence greater than two years, and both of them were 
blinded to the patients’ assignment. Difficult intuba-
tion was labelled according to the grades III and IV of 
Cormack and Lehane's score. 

Statistical Package for Social Sciences (SPSS) 
version 24.0 was used for the data analysis. Quantita-
tive variables were summarized as mean ± SD and 
qualitative variables were summarized as frequency 
and percentages. Diagnostic parameters were calcula-
ted using a 2x2 table. Sensitivity, specificity, positive 
predictive value, negative predictive value and diag-
nostic accuracy were determined by using the standard 
formulas. The p-value of ≤0.05 was considered statis-
tically significant. ROC and Likelihood ratio was mea-
sured. 

RESULTS 

One hundred and thirty patients fulfilling the 
inclusion criteria were included in the study. Age 
distribution showed that 51 individuals (39.23%) were 
between 20-40 years of age while 79 individuals 
(60.77%) were between 41-70 years; the mean age was 
found to be 46 ± 14.14 years. There were 58 (44.62%) 

Table-I: Diagnostic accuracy of raised nc/tmd ratio for difficult intubation among obese individuals keeping grade III and IV 
of cormack and lehane’s score as gold standard (n=130). 

Raised Neck Circumference to 
Thyromental Distance Ratio 

Grade III and IV of Cormack and Lehane’s Score 

Difficult Intubation (Positive) Difficult Intubation (Negative) 

Presence 26 (a) 8 (b) 

Absent 5 (c) 91(d) 
 

Table-II: diagnostic parameters of raised nc/tmd ratio for difficult intubation among obese individuals keeping grade III 
and IV of cormack and lehane’s score as gold standard (n=130). 

Diagnostic Parameters  Values 

Sensitivity= True Positive/( True Positive + False Negative) 26/31 x 100 =83.87% 

Specificity= True Negative /(True Negative + False  Positive) 91/99 x 100 = 91.92% 

Positive Predictive Value= True Positive/(True Positive + False Positive) 26/34 x 100 = 76.47% 

Negative Predictive Value= True Negative/(True Negative +False Negative) 91/96 x 100 = 94.79% 

Diagnostic Accuracy=(True Positive + True Negative)/All Patients 117/130 x 100 = 90% 

Likelihood Ratio 

Positive 
Negative 

10.38 
0.18 
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were males and 72 (55.38%) were females. 

The frequency of difficult intubation among obese 
patients keeping grades III and IV of Cormack and 
Lehane's score as the gold standard showsed that 31 
individuals (23.85%) had difficult intubation. In con-
trast, 99 (76.15%) had no findings of difficult intuba-
tion. 

Diagnostic accuracy of raised NC/TMD ratio for 
difficult intubation among obese individuals keeping 
grade III and IV of Cormack and Lehane's score as the 
gold standard was recorded as shown in Table-I. 

Sensitivity was 83.87%, while specificity was cal-
culated as 91.92%. The positive predictive value was 
76.47%, while the negative predictive value was 
94.79%. The overall diagnostic accuracy rate was cal-
culated as 90%, the likelihood ratio was calculated as 
10.38 positive, and the negative likelihood ratio was 
0.18, as shown in Table-II. The receiver operating 
characteristics (ROC) curve for raised NC/TMD ratio 
for difficult intubation among obese patients WAS 
shown in Figure. 

 
Figure: Diagonal segments are produce by ties. 
 

DISCUSSION 

Difficulty in airway management is a significant 
cause of morbidity and mortality in anaesthesiology 
practice, so airway management is one of the most 
important goals of anaesthesiologists. Identification of 
patients with risk of problems with airway manage-
ment is key to proper care, which is especially true for 
obese patients as airway management issues are fre-
quently reported.12 Unanticipated intubation difficulty 
can be a challenge for anaesthesiologists, so numerous 
researchers have tried to predict difficult intubation by 
applying various bedside methods. Preoperative asse-
ment of anatomical landmarks and clinical factors 
helps detect potentially difficult laryngo-scopies.13,14 
We planned this study to determine the accuracy of 
NC/TMD is a new and very simple and easy test and 

can be performed at the bedside. However, the existing 
literature shows variation in sensitivity, specificity and 
predictive value with the scarcity of literature on the 
local level. 

In this study, out of 130 cases, 51 (39.23 %) were 
found between 20-40 years of age, whereas 79 (60.77%) 
were found between the age of 41-70 years; the mean 
was calculated as 46.0 ± 14.14 years, 58 (44.62%) were 
male, and 72 (55.38%) were females. Gender distribu-
tion was comparable to another international study 
done by Kim et al, in which males were less in number 
(43%) as compared to females (57%).7 According to     
our findings; there was more difficulty in intubation 
among obese individuals as compared to patients who 
were not obese. The frequency of difficult intubation 
among obese patients keeping grades III and IV of 
Cormack and Lehane's score as the gold standard 
shows that 31 individuals (23.85%) had difficult intu-
bation. The diagnostic accuracy of raised NC/TMD 
ratio for difficult intubation among obese patients 
keeping grade III and IV of Cormack and Lehane's 
score as the gold standard was recorded where sensi-
tivity was 83.87%, specificity 91.92%, positive predic-
tive value 76.47%, negative predictive value 94.79%, 
the accuracy rate was calculated as 90%, like-lihood 
ratio was calculated as 10.38 positive while negative 
likelihood ratio was 0.18. 

In a previous study conducted by Hirmanpur et 
al,4 sensitivity, specificity, and positive and negative 
predictive value of NC/TMD for difficult intubation 
was 71.7%, 70.2%, 17.4% and 96.6%. In contrast, sensi-
tivity, specificity, positive predictive and negative pre-
dictive value of NC/TMD in another recent interna-
tional study was found to be 56%, 76%, 28% and 91%, 
respectively, which were not comparable to our study. 

Another study reported a sensitivity, specificity, 
positive predictive and negative predictive values of 
88.2%, 83.0%, 45.5% and 97.8%, respectively.7 The find-
ings of our study showed agreement with the study 
showing higher specificity and sensitivity, while    
Naim et al, reported an even higher sensitivity of 100% 
with a specificity of 82%; these findings are higher   
than recorded in our study.15 In another study, NC/ 
TM ratio showed higher sensitivity (92.31%), higher 
negative predictive value (93.75%) and higher area 
under the curve (AUC=0.73) on the ROC curve as 
compared to the MMC score and also found that NC/ 
TM ratio was a statistically significant independent 
risk factor of difficult intubation (i.e. p-value <0.029, 
odds ratio 4.52).16 In another study conducted by 
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Khanooja et al, in 2016, it was concluded that NC/TM 
ratio was a good predictor of difficult intubation than 
the malampatti score.17 We also agreed with Siyam et 
al, where the difficulty in intubation incidence in obese 
patients having sleep apnoea syndrome is 21.9%.10 

Previous research has suggested that the NC is 
considered an independent risk factor for intubation 
difficulty in obese individuals,18,19 but the NC itself 
may not precisely determine soft tissue amount at 
different topographic regions in the neck. It was 
established that more fat was found in regions around 
the collapsible segments of the pharynx in obese indi-
viduals with OSAS by measurements on magnetic 
resonance imaging (MRI).8 Ezri et al,20 described that 
difficulty in laryngoscopy could be foreseen in obese 
individuals by quantifying soft neck tissue at vocal 
cords level and suprasternal notch with ultrasono-
graphy. They demonstrated that pretracheal soft tissue 
amount, as per quantification by ultrasound, was the 
only factor that would be able to distinguish between a 
difficult laryngoscopy from an easy one completely. 
These findings may explain why some obese indivi-
duals can be easily intubated while others cannot. 
NC/TMD ratio may demonstrate better than NC itself 
the distribution of fat within the neck. Moreover, the 
NC/TMD ratio needs to be evaluated further to ascer-
tain whether there is a correlation between this ratio 
and the amount of soft tissue per quantification by 
ultrasound or MRI. It should be done in future studies. 
However, our findings confirmed its accuracy in pre-
dicting difficult intubation and are helpful for anaes-
thesiologists in decision making for the use of NC/ 
TMD to decrease the morbidity associated with 
difficult intubation. 

CONCLUSION 

Our study concluded that difficulty during intubation 
is more frequent in obese individuals. The NC/TMD ratio is 
a more reliable method for foreseeing difficulty in intubation 
than other established predictors, with a cut off value of 5.0. 

Conflict of Interest: None. 

Authors’ Contribution 

SQ: Direct contribution, AK,: NAM,: MSM: Intellectual 
contribution. 

REFERENCES 

1. Cassandra AJ. Obesity epidemiology trends by race/ ethnicity, 
gender, and education: National Health Interview Survey, 1997-2012. 
Gastroenterol Clin North Am 2016; 45(45): 571-579. 

2. Donini LM, Pinto A, Giusti AM, Lenzi A. Obesity or BMI Paradox? 
Beneath the Tip of the Iceberg. Front Nutr 2020 ;7(1):53. 

3. Honarmand A, Safavi M, Yaraghi A, Zamani M. Comparison of five 
methods in predicting difficult laryngoscopy: Neck circumference, 
neck circumference to thyromental distance ratio, the ratio of height 
to thyromental distance, upper lip bite test and Mallampati test. Adv 
Biomed Res 2015; 4(1): 122. 

4. Hirmanpour A, Safavi M, Honarmand A, Jabalameli M, Banisadr G. 
The predictive value of the ratio of neck circumference to thyroental 
distance in comparison with four predictive tests for difficult laryn-
goscopy in obstetric patients scheduled for caesarean delivery. Adv 
Biomed Res 2014; 3(1): 200. 

5. de Cassai A, Papaccio F, Betteto G, Schiavolin C, Iacobone M, Carron 
M. Prediction of difficult tracheal intubations in thyroid surgery. 
Predictive value of neck circumference to thyromental distance ratio. 
PloS One 2019; 14(2): e0212976. 

6. Han YZ, Tian Y, Xu M, Ni C, Li M, Wang J, et al. Neck circumference 
to inter-incisor gap ratio: A new predictor of difficult laryngoscopy in 
cervical spondylosis patients. BMC Anaesth 2017; 17(1): 55. 

7. Kim WH, Ahn HJ, Lee CJ, Shin BS, Ko JS, Choi SJ, et al. Neck 
circumference to thyromental distance ratio: a new predictor of 
difficult intubation in obese patients. Br J Anaesth 2011; 106(5): 743-
748. 

8. Riad W, Ansari T, Shetty N. Does neck circumference help to predict 
difficult intubation in obstetric patients? A prospective observational 
study. Saudi J Anaesth 2018; 12(1): 77. 

9. Ambekar AA, Saksena SG, Bapat JS, Butani MT. Correlation of 
bedside airway screening tests with airway obstruction during          
drug-induced sleep endoscopy. Asian J Anaesth 2019; 2019(2019):          
1-8. 

10. Siyam MA, Benhamou D. Difficult endotracheal intubation in 
patients with sleep apnea syndrome. Anaesth Analg 2002; 95(4): 
1098-1102. 

11. de Cassai A, Boscolo A, Rose K, Carron M, Navalesi P. Predictive 
parameters of difficult intubation in thyroid surgery: a meta-analysis. 
Minerva Anaesth 2020; 86(3): 317-326. 

12. Leoni A, Arlati S, Ghisi D, Verwej M, Lugani D, Ghisi P, et al. 
Difficult mask ventilation in obese patients: analysis of predictive 
factors. Minerva Anaesth 2014; 80(2): 149-157. 

13. Cybil ZM, Kenny PP, Tan SG, Kathleen AP, Edward BP, Cherilynn 
TY, et al. Predictors of difficulty in intubation in patients with 
obstructive sleep apnoea. Med J Malaysia 2019; 74(2): 133-137. 

14. Siriussawakul A, Rattana-arpa S, Jirachaipitak S, Chatsiriphattana A, 
Nimmannit A, Wong N. The performance of the neck circumference 
for a difficult laryngoscopy in obese patients. J Med Assoc Thai 2016; 
99(5): 484-490. 

15. Naim HE, Mohamed SA, Soaida SM, Eltrabily HH. The importance  
of neck circumference to thyromental distance ratio (NC/ TM) as a 
predictor of difficult intubation in obstructive sleep apnea (OSA) 
patients. Egyptian J  Anaesth 2014; 30(3): 219-225. 

16. Ankalwar VR, Patel M, Tirpude NG. Neck circumference to             
thyromental distance ratio: Is a reliable predictor of difficult 
intubation in obese patients? Indian J Clin Anaesth 2019; 6(1): 152-
156.  

17. Khanooja S, Upadya M. Neck circumference to thyromental distance 
ratio in comparison with mallampati test: a study to predict difficult 
intubation. Eur J Pharm Med Res 2016; 3(12): 363-367. 

18. Gonzalez H, Minville V, Delanoue K, Mazerolles M, Concina D, 
Fourcade O. The importance of increased neck circumference to 
intubation difficulties in obese patients. Anaesth Analg 2008; 106 (4): 
1132–1136. 

19. Brodsky J, Lemmens H, Brock-Utne J, Vierra M, Saidman L. M 
orbidty obesity and tracheal intubation. Anaesth Analg 2002; 94 (3): 
732–736. 

20. Ezri T, Gewurtz G, Sessler D. Prediction of difficult laryngoscopy in 
obese patients by ultrasound quantification of anterior neck soft 
tissue. Anaesth 2003; 58(11): 1111–1114. 

 


