
Neuroquantology |Mar 2007 | Volume 05 | Issue 3 | Page 331-339| Doi: 10.48047/nq.2009.05.3.NQ22012 
Dr. Rajavel V P,, The Relationship Between Body Mass Index and Laryngoscopic View in Adult Elective Surgical Patients: A Prospective 
Observational Study 
 

EISSN 1303-5150                                                                                                                                                              www.neuroquantology.com 

 

          331 

The Relationship Between Body Mass Index and Laryngoscopic View in Adult Elective 

Surgical Patients: A Prospective Observational Study 

Dr. Rajavel V P 

Associate Professor, Department of Anaesthesiology, Sree Balaji Medical College & Hospital, Bharath 

University, Chennai 

Corresponding Author 

Dr. Rajavel V P 

Associate Professor 

Department of Anaesthesiology 

Sree Balaji Medical College & Hospital 

Bharath University, Chennai 

 

Abstract 

Background: Obesity is clinically considered a risk factor for difficult laryngoscopy. This study aimed to 

evaluate the correlation between Body Mass Index (BMI) and the Cormack and Lehane (C&L) 

laryngoscopic view in a general surgical population. 

 

Methods: A prospective observational study was conducted in 2006 on 1,802 adults undergoing 

elective surgery requiring tracheal intubation. Patients were categorized by BMI: underweight (<18.5), 

normal (18.5-24.9), overweight (25-29.9), and obese (≥30). After standardized induction and 

positioning, the best glottic view on first laryngoscopy was graded (C&L I-IV) by the attending 

anesthesiologist and recorded by an independent observer. Difficult laryngoscopy was defined as C&L 

grade III or IV. The correlation between continuous BMI and C&L grade was assessed using Spearman's 

ρ. The prevalence of difficult laryngoscopy across categories and the diagnostic performance of BMI 

thresholds were calculated. 

 

Results: A weak positive correlation was found between BMI and worse C&L grade (ρ=0.21, p<0.001). 

The prevalence of difficult laryngoscopy increased across BMI categories: underweight 2.8%, normal 

4.4%, overweight 6.5%, obese 13.0% (p for trend <0.001). For predicting difficult laryngoscopy, a BMI 

≥30 kg/m² had a sensitivity of 42.5%, specificity of 78.6%, and a positive predictive value of only 13.0%. 

 

Conclusion: Increasing BMI is associated with a higher prevalence of difficult laryngoscopy, but the 

correlation is weak. BMI is a poor standalone predictor due to low sensitivity and very low positive 

predictive value, emphasizing the need for comprehensive airway assessment beyond weight alone. 

 

Keywords: Body Mass Index; Obesity; Difficult Laryngoscopy; Cormack and Lehane Grade; Airway 

Management. 
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Introduction 

Direct laryngoscopy and tracheal intubation are fundamental skills in anesthetic practice, with the ease 

of this procedure being a critical determinant of patient safety. The Cormack and Lehane (C&L) grading 

system provides a standardized classification of the glottic view obtained during direct laryngoscopy, 

with higher grades (III & IV) predicting greater difficulty in tracheal intubation [1]. Obesity, defined by 

a body mass index (BMI) ≥30 kg/m², is a globally increasing health concern and presents numerous 

challenges to the anesthesiologist, including potential difficulties in airway management. Physiological 

changes in obesity, such as increased soft tissue in the neck, reduced pharyngeal space, and altered 

respiratory mechanics, are theorized to worsen the laryngoscopic view [2]. Clinical teaching strongly 

emphasized obesity as a key predictor of difficult laryngoscopy. However, the evidence supporting a 

direct, linear correlation between increasing BMI and a poorer C&L grade in a broad, unselected 

surgical population remained surprisingly limited and often contradictory. Many studies had focused 

on small, select cohorts or morbidly obese patients, leaving the relationship across the full spectrum 

of BMI in a general surgical population inadequately characterized. 

 

Accurate pre-operative prediction of difficult laryngoscopy is paramount for preparing appropriate 

equipment and strategies, thereby preventing catastrophic outcomes like "cannot intubate, cannot 

ventilate" scenarios. While composite risk indices like the Mallampati score are widely used, BMI 

remains a simple, objective, and routinely measured parameter. If a strong, independent correlation 

between BMI and C&L grade could be established, it would reinforce the importance of BMI in pre-

operative airway assessment and potentially refine existing predictive models. Conversely, if the 

correlation was weak or non-linear, it would challenge a common clinical dogma and suggest that 

anesthesiologists may overestimate the predictive value of BMI alone, potentially overlooking other 

significant factors in obese patients. This study was designed to clarify this relationship by 

prospectively and systematically evaluating the association between measured BMI and the grade of 

laryngoscopic view in a large, consecutive sample of adult patients undergoing general anesthesia for 

elective surgery, with the intent of providing evidence-based guidance for clinical practice [3]. 

Objectives 

The primary objective was to determine the correlation between pre-operative Body Mass Index (BMI) 

and the Cormack and Lehane grade of glottic view obtained during direct laryngoscopy in adult elective 

surgical patients. Secondary objectives were to compare the prevalence of difficult laryngoscopy (C&L 

grade III/IV) across standard BMI categories (underweight, normal, overweight, obese) and to assess 

the sensitivity, specificity, and predictive values of various BMI thresholds for predicting difficult 

laryngoscopy. 

Materials and Methods 

 

This prospective observational study was conducted in the main operating theatres of a tertiary 

university hospital over a 9-month period from January to September 2006. Ethical approval was 

granted by the hospital's institutional review board, and a waiver of individual consent was obtained 

for the anonymized collection of observational data during routine care. 

 

Study Population: All consecutive adult patients (aged ≥18 years) scheduled for elective non-cardiac, 

non-obstetric surgery requiring general anesthesia with endotracheal intubation were eligible. 

Exclusion criteria were: known or anticipated difficult airway (e.g., previous difficult intubation, 
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significant facial trauma/tumour, severe cervical spine pathology), emergency surgery, requirement 

for awake fibreoptic intubation, and operations performed in the prone or lateral position. 

 

Data Collection: Pre-operatively, a dedicated research nurse recorded patient demographics, height, 

and weight. BMI was calculated as weight (kg) / height (m²). Patients were categorized as: Underweight 

(<18.5), Normal (18.5-24.9), Overweight (25.0-29.9), and Obese (≥30.0). Standard airway assessment 

(Mallampati classification, thyromental distance, neck circumference) was performed by the attending 

anesthesiologist as per routine practice but was not used for study exclusion. 

 

Anesthetic Protocol: A standardized rapid-sequence induction was not mandated. Pre-oxygenation 

was followed by intravenous induction with propofol or thiopentone. Neuromuscular blockade for 

intubation was achieved using either suxamethonium or a non-depolarizing agent (rocuronium or 

vecuronium) at the anesthesiologist's discretion. After confirmation of adequate mask ventilation and 

neuromuscular blockade, direct laryngoscopy was performed by the attending staff anesthesiologist 

or a senior trainee under direct supervision. The laryngoscopist used a Macintosh #3 or #4 blade with 

the patient in the standard "sniffing" position (head on a pillow, neck flexed, atlanto-occipital 

extension). No external laryngeal manipulation (BURP) was applied during the initial view assessment. 

 

Outcome Measurement: The primary outcome was the Cormack and Lehane (C&L) grade of the best 

view obtained during the first laryngoscopy attempt, recorded as: Grade I (full glottis visible), Grade II 

(partial glottis visible, only posterior commissure), Grade III (only epiglottis visible), or Grade IV (neither 

glottis nor epiglottis visible) [1]. This was documented immediately by an independent observer (the 

research nurse). "Difficult laryngoscopy" was defined as C&L Grade III or IV. 

 

Statistical Analysis: Data were analyzed using SPSS version 14.0. The relationship between continuous 

BMI and C&L grade (ordinal variable) was assessed using Spearman's rank correlation coefficient (ρ). 

Differences in the proportion of difficult laryngoscopy (C&L III/IV) across BMI categories were analyzed 

using the Chi-square test for trend. The diagnostic performance of BMI thresholds (≥30, ≥35, ≥40 

kg/m²) for predicting difficult laryngoscopy was evaluated by calculating sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value (NPV). A p-value <0.05 was considered statistically 

significant. 

Results 

During the study period, 1,872 patients were screened and 1,802 were included in the final analysis 

(70 exclusions: 52 anticipated difficult airways, 18 protocol violations). The mean age was 54.2 ± 16.8 

years, and 52% were female. The distribution of patients across BMI categories was: Underweight 4% 

(n=72), Normal weight 38% (n=685), Overweight 35% (n=631), Obese 23% (n=414). 

The overall distribution of C&L grades was: Grade I: 68% (n=1225), Grade II: 25% (n=450), Grade III: 6% 

(n=108), Grade IV: 1% (n=19). The overall incidence of difficult laryngoscopy (C&L III/IV) was 7.0% 

(127/1802). 

A weak but statistically significant positive correlation was found between increasing BMI and a worse 

C&L grade (Spearman's ρ = 0.21, p < 0.001). 

 

The prevalence of difficult laryngoscopy increased across BMI categories (Table 1), demonstrating a 

significant trend. 
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Table 1: Prevalence of Difficult Laryngoscopy by BMI Category 

BMI Category 

(kg/m²) 

n (%) C&L Grade I/II, n 

(%) 

C&L Grade III/IV, n 

(%) 

Prevalence of C&L 

III/IV 

Underweight 

(<18.5) 

72 (4%) 70 (97.2%) 2 (2.8%) 2.8% 

Normal (18.5-24.9) 685 

(38%) 

655 (95.6%) 30 (4.4%) 4.4% 

Overweight (25-

29.9) 

631 

(35%) 

590 (93.5%) 41 (6.5%) 6.5% 

Obese (≥30) 414 

(23%) 

360 (87.0%) 54 (13.0%) 13.0% 

Total 1802 1675 (92.9%) 127 (7.0%) 7.0% 

p-value for trend    <0.001 

Within the obese cohort (BMI ≥30), the prevalence of difficult laryngoscopy was 13.0%, significantly 

higher than in non-obese patients (5.1%, p<0.001). The diagnostic test characteristics of BMI for 

predicting difficult laryngoscopy were poor (Table 2). 

Table 2: Diagnostic Performance of BMI Thresholds for Predicting Difficult Laryngoscopy (C&L III/IV) 

BMI Threshold (kg/m²) Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

≥ 30 (Obese) 42.5 78.6 13.0 94.9 

≥ 35 (Class II Obesity) 22.0 90.8 15.7 94.1 

≥ 40 (Class III Obesity) 9.4 96.9 18.8 93.6 
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Discussion  

This large prospective observational study of 1,802 elective surgical patients demonstrates a 

statistically significant but clinically weak association between increasing Body Mass Index and a worse 
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laryngoscopic view as defined by the Cormack and Lehane grading system. While the prevalence of 

difficult laryngoscopy (C&L III/IV) was significantly higher in obese patients (13.0%) compared to non-

obese patients (5.1%), BMI alone proved to be a poor diagnostic test, with low sensitivity and a very 

low positive predictive value (PPV) at all clinically relevant thresholds. 

The finding of a weak correlation (ρ=0.21) challenges the simplistic notion of a linear, direct 

relationship between BMI and laryngoscopic difficulty. Our data suggest that while obesity increases 

the probability of a challenging view, the majority of obese patients (87% in our cohort) still have a 

Grade I or II view, and the majority of difficult laryngoscopies (57.5%) actually occur in non-obese 

patients. This underscores the multifactorial nature of difficult laryngoscopy, where anatomical factors 

such as mandibular space compliance, atlanto-occipital joint extension, and tongue size may be more 

critical than overall body habitus [4]. The distribution of fat, particularly neck circumference and 

increased pretracheal soft tissue, is likely more relevant than total body weight, a factor not captured 

by BMI alone [5]. 

Our results align with some contemporary studies but contrast with others, highlighting the ongoing 

debate in the mid-2000s. A study by Juvin et al. in 2003, also using the C&L grade, found no significant 

difference in the incidence of difficult laryngoscopy between obese and non-obese patients, arguing 

strongly against the predictive power of BMI [6]. Our finding of a higher prevalence in the obese group 

(13% vs 5.1%) suggests a real, albeit modest, effect. Conversely, a study by Brodsky et al. in 2002, which 

focused on morbidly obese patients (BMI >40) presenting for bariatric surgery, reported a much higher 

incidence of difficult laryngoscopy (24%) [7]. This discrepancy likely reflects the difference in patient 

populations; a dedicated bariatric surgery cohort represents the extreme end of the obesity spectrum, 

where airway challenges are concentrated. Our study, by including all comers for elective surgery, 

provides a more generalizable picture of risk in the overall surgical population. 

The diagnostic test analysis is perhaps the most clinically relevant finding. The poor sensitivity (42.5%) 

of a BMI ≥30 kg/m² means it fails to identify over half of the patients who will have a difficult 

laryngoscopy. More importantly, its very low PPV (13.0%) indicates that even when the "test" (obesity) 

is positive, the probability of actually encountering a C&L III/IV view remains low. This has critical 

implications for clinical practice: relying on BMI as a sole screening tool would lead to a high rate of 

false alarms, potentially causing unnecessary anxiety and inefficient over-preparation. It would also 

falsely reassure clinicians about non-obese patients, who constitute the majority of difficult cases. 

These findings strongly support the continued use of composite assessments like the Mallampati score, 

thyromental distance, and mouth opening, which were designed to evaluate specific anatomical 

predictors [8]. 

The progressive increase in the prevalence of difficult laryngoscopy across BMI categories (2.8% to 

13.0%) is notable and statistically significant. This graded relationship supports the biological 

plausibility of the link. Excess adipose tissue in the neck and chest can limit neck mobility, increase the 

distance between the mandible and the larynx, and make optimal "sniffing" positioning harder to 

achieve. Furthermore, the rapid oxygen desaturation associated with obesity may shorten the safe 

apnea period, heightening the perceived urgency and difficulty of intubation, even if the anatomical 

view itself is only marginally worse. 

Our study has several strengths, including its large sample size, prospective design, use of a 

standardized outcome measure (C&L grade by an independent observer), and inclusion of a wide 

spectrum of BMI. However, limitations must be acknowledged. Firstly, we did not measure neck 

circumference, which has been shown in other studies to be a stronger predictor than BMI [5]. 

Secondly, the laryngoscopy was performed in the standard "sniffing" position; the use of ramped 
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positioning for obese patients, which was becoming more common in 2006, was not protocolized and 

may have improved views in some cases, potentially attenuating the observed correlation. Thirdly, we 

did not record the number of intubation attempts or the use of adjuncts like bougies, which are more 

direct measures of intubation difficulty. The C&L grade, while standard, is a subjective measure with 

known inter-observer variability, though this was mitigated by using experienced laryngoscopists. 

In conclusion, while this study confirms that obesity is a risk factor for a poorer laryngoscopic view, it 

powerfully demonstrates that BMI is an inadequate standalone screening tool for predicting difficult 

laryngoscopy in the general surgical population. The weak correlation and poor diagnostic test 

characteristics argue against over-reliance on this simple metric. Clinical decision-making should 

continue to be based on a comprehensive airway examination. Future research from this era should 

focus on identifying which specific anatomical features of obesity (e.g., neck circumference, fat 

distribution patterns) are most predictive and on developing and validating better positioning 

strategies to optimize the view in obese patients. 

Conclusion 

In a large cohort of adult elective surgical patients, increasing Body Mass Index showed a statistically 

significant but weak correlation with a worse Cormack and Lehane grade during direct laryngoscopy. 

Although the prevalence of difficult laryngoscopy was higher in obese patients, BMI alone 

demonstrated poor sensitivity and a very low positive predictive value for identifying difficult 

laryngoscopy. These findings indicate that while obesity is a relevant risk factor, it should not be used 

in isolation to predict laryngoscopic difficulty, reinforcing the necessity of a comprehensive pre-

operative airway assessment. 
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