
INTRODUCTION

The laryngeal mask airway (LMA) is widely used during an-

esthesia and emergency situations. It is comprising an airway 

tube with a large balloon cuff. Generally, LMA cuff pressure is 

not routinely monitored in clinical practice. The cuff pressure 

of LMA should be maintained under 60 cmH2O, the critical 

perfusion pressure of the pharyngeal mucosa [1], to prevent 

related airway morbidity that ranges from a sore throat to 

more serious complications such as vocal cord paralysis [2-4]. 

LMA manufacturers recommend only the maximal cuff 

volume (i.e., 40 ml for size 5, 30 ml for size 4) and do not pro-

vide the optimal or minimal cuff volumes required to provide 

a sufficient pharyngeal sealing. Furthermore, clinicians ap-

pear to regard the maximal cuff volume as a recommenda-

tion only and tend to inflate the cuff to its maximal volume, as 
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Background: Head and neck anatomy affects the laryngeal mask airway (LMA) cuff 
volume. The purpose of this study was to identify physical parameters that can be stan-
dardized to predict LMA cuff volume and measure the optimal and minimal LMA cuff 
volume in adults.
Methods: The predictors of volume or pressure of the LMA cuff were investigated in 167 
patients. Manufacturers recommend a maximal cuff pressure (MCP) (i.e., 40 ml for size 
5, 30 ml for size 4), an optimal cuff volume (OCV) at a cuff pressure of 60 cmH2O, and 
a minimal cuff volume (MCV) just before audible air leakage. The physical parameters 
measured included height, weight, body mass index, modified Mallampati classification 
(MMP), neck circumference, neck length, and thyro-mental distance. Data were ana-
lyzed by stepwise multilinear analysis.
Results: The regression equations (REs) were as follows: OCV (1.2 + [0.1 × height] + 
[0.5 × neck length]); MCV for men (−35.7 + [0.25 × height] + [0.7 × neck length] − [4.1 
× MMP]); and MCV for women (−42.5 + [0.27 × height] + [0.75 × neck length] − [2.5 
× MMP]). The mean values were as follows: MCP > 200 cmH2O, minimal cuff pressure 
< 20 cmH2O, OCV of 24.7 ml for men and 15.9 ml for women, and MCV of 12.1 ml for 
men and 7.1 ml for women.
Conclusions: LMA cuff volume is estimated from the patient’s height, neck length, and 
MMP. The RE for calculating the MCV shows a high correlation with height, neck length, 
and MMP. 
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illustrated in several studies [5-7]. However, to the best of our 

knowledge, there have been no studies on the optimal cuff 

volume of LMA at a cuff pressure of 60 cmH2O.

The anatomy of the head and neck, including the uvula, 

tongue, palate, pharynx, larynx, and mandible, affects LMA 

cuff volume. We established the following parameters from 

physical examinations that are useful for predicting the shape 

of the oropharynx: height, weight, body mass index (BMI), 

modified Mallampati classification (MMP), neck circumfer-

ence, neck length, and thyro-mental distance with a refer-

ence to the study for obstructive sleep apnea [8].

The objective of this study was an evaluation of the physi-

cal parameters involving the head and neck that could be 

standardized to predict the cuff volume of LMA and measure 

the optimal and minimal cuff volumes of LMA in adults. Fur-

thermore, we measured the maximal LMA cuff pressure in 

adults who were undergoing general anesthesia. 

Materials and Methods

Study design

Following the approval of this study by the Institutional Re-

search Ethics Committee of our hospital (ED15263), written 

informed consent was obtained from all study patients. We 

enrolled 170 adults (85 men and 85 women) with American 

Society of Anesthesiologists grades I–II, who were between 

the ages of 19 and 65 years and undergoing elective general 

anesthesia. Patients with laryngo-tracheal pathology, a his-

tory of head and neck surgery, and a high risk of pulmonary 

aspiration were excluded. All the tests were performed by 

one of two anesthesiologists; one of the anesthesiologists 

performed the physical examination, and the other, who was 

blinded to the results of the physical examination, inserted 

the LMA and measured the cuff pressure.

After premedication with glycopyrrolate 0.2 mg and mid-

azolam 2.0 mg intravenously, 1 h before their arrival in the 

operating room, patients were monitored by pulse oximetry, 

noninvasive blood pressure, electrocardiography, and the 

bispectral index. Anesthesia was induced with propofol 

2.0 mg, rocuronium 0.6–0.9 mg/kg, and remifentanil 1 mg/

kg intravenously for LMA insertion. The size of LMA (LMA 

classicTM, Teleflex, USA) was selected according to the pa-

tient’s sex (size 5 for men and size 4 for women) [9,10]. Prior 

to insertion, LMA cuff was deflated, and a water-soluble gel 

was applied to its dorsal surface. The insertion of LMA was 

performed according to the manufacturer’s instructions [11]. 

The head and neck were positioned similarly to that for nor-

mal tracheal intubation. We used a non-compressible pillows 

of heights 5.0 cm when the patient was lying down. The neck 

remained flexed, and the head was extended by pushing it 

from behind with one hand while inserting the mask into 

the mouth with the other. LMA was pushed backward while 

maintaining pressure against the palate and inserted until 

resistance was felt. The cuff was inflated using a 50 ml syringe 

with a commonly administered volume, as reported by Bri-

macombe and Keller [9] (15 ml for size 4, 20 ml for size 5).

If LMA insertion failed after two attempts, the airway was 

maintained via endotracheal intubation. The adequacy of an 

effective airway was evaluated by normal symmetric thoraco-

abdominal movement and a square-wave capnography trace. 

During the LMA cuff pressure and volume measurements, 

the anesthesia was maintained with sevoflurane 3.0–4.0 vol%, 

O2 6.0 L/min, and remifentanil 0.1–0.3 mg/kg/min. The lungs 

were ventilated using the pressure or volume controlled 

mode with a fresh gas flow of 6.0 L/min, tidal volume of 8 ml/

min, and respiratory rate of 12 /min.

The optimal cuff volume and minimal cuff volume were 

measured 10 min after the insertion of LMA. First, the cuff 

was deflated with a 50 ml syringe using a three-way stopcock; 

this allowed the addition or removal of air from the cuff. The 

air was removed under a negative pressure until no move-

ment of the plunger could be detected. For the measure-

ments of maximal cuff pressure, the cuff was inflated accord-

ing to the manufacturer’s recommended maximal volume 

of air (40 ml for size 5, 30 ml for size 4) using a 50-ml syringe. 

The cuff was then deflated at a rate of 1.0 ml/15 s and the cuff 

volume was measured. The optimal cuff volume was mea-

sured at a cuff pressure of 60 cmH2O, with an airway peak 

pressure of 15 cmH2O under a fresh gas flow of O2 6.0 L/min. 

The minimal cuff volume and pressure were measured just 

before an audible leakage of air was detected around the nose 

and the mouth under the pressure mode ventilation (airway 

pressure of 15 cmH2O, respiration rate 12 beats/min, I : E ra-

tio of 1 : 2 under a fresh gas flow of O2 6.0 L/min). All the cuff 

pressure parameters were measured with an air-filled arterial 

line pressure transducer (BT4812-3, Biosensors, Singapore) 

connected to the monitor in the operating room. 
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Physical examination parameters

Before the induction of anesthesia in the operating room, a 

physical examination of the patient’s head and neck was per-

formed to measure the following parameters: 1) body weight 

(kg) and 2) height (ml) of the patients were recorded at the 

initial hospital visit; 3) BMI (kg/m2) was calculated using the 

formula BMI = weight (kg)/height2 (ml2); 4) neck circumfer-

ence (cm) was measured immediately above the thyroid car-

tilage with flexible tape, and during the measurements, the 

patient was instructed to hold their head up and look straight 

ahead; 5) neck length (cm) was measured from mastoid tip 

to sternal notch with flexible tape, in the supine position; 6) 

thyro-mental distance (cm) from the thyroid notch to the 

mental prominence was measured in neutral head position, 

in the supine position at the end of expiration and without 

swallowing; and 7) MMP used for evaluation of oropharynx, 

performed with the patient seated, their head held in a neu-

tral position, mouth wide open, and tongue protruding to its 

maximal position.

Statistical analysis

Data were analyzed using Sigmaplot 12.3 (Systat Software 

Inc., USA) and were reported as the mean ± standard devia-

tion unless otherwise indicated. Sample size was determined 

with the reference book that described the suitable sample 

size for regression analysis [12]. The regression analysis 

required at least 20 cases per independent variable. In our 

study, there were eight independent variables (patient sex 

and seven parameters from the physical examination); there-

fore, 160 patients were required for the study. We enrolled 

170 patients to take into account the potential of loss of data 

during the study period. The relationships between the 

physical parameters were assessed using the Pearson corre-

lation coefficient. In addition, stepwise multilinear regression 

analyses were performed. A P value of < 0.05 was considered 

statistically significant.

Results

A total of 170 patients were enrolled in the study (85 men 

and 85 women). One of the men and two of the women were 

excluded due to air leakage upon LMA insertion. There were 

no instances of LMA dislodgement, airway obstruction, or 

pulmonary aspiration during anesthesia. Data from the final 

167 patients were included in the analysis (Fig. 1). Patient 

characteristics and physical parameters from head and neck 
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Fig. 1. CONSORT flow diagram.



examinations according to patient sex are shown in Table 1. 

The optimal cuff volume was correlated with height and 

neck length in men (P < 0.01), but was not correlated with 

physical parameters in women (Table 2). The optimal and 

minimal cuff volume has a positive correlation with the 

height and neck length of the patients, but the minimal cuff 

volume has a negative correlation with MMP in both sexes (P 

< 0.001; Table 3, Fig. 2). 

The regression equation (RE) to calculate the optimal 

cuff volume for men and women are as follows: (1.2 + [0.1 × 

height] + [0.5 × neck length]) (adjusted R2 = 0.100). The REs 

to calculate the minimal cuff volume are as follows: for men 

(−35.7 + [0.25 × height] + [0.7 × neck length] − [4.1 × MMP]) 

(adjusted R2 = 0.702); and for women (−42.5 + [0.27 × height] 

+ [0.75 × neck length] − [2.5 × MMP]), (adjusted R2 = 0.603).

The mean value of the maximal cuff pressure was high at 

> 200 cmH2O and of the minimal cuff pressure was low at < 

20 cmH2O. The mean value of the optimal cuff volume was 

24.7 ml for men and 15.9 ml for women. The mean value of 

the minimal cuff volumes were 12.1 ml for men and 7.1 ml for 

women (Table 4).

Table 1. Patient Characteristics and Physical Parameters from 
Head and Neck Examinations, according to Patient Sex

Men (n = 84) Women (n = 83)

Age (yr) 37.7 ± 14.3 46.7 ± 12.5
Height (cm) 174.3 ± 6.3 158.2 ± 5.2
Weight (kg) 75.4 ± 12.1 58.5 ± 8.7
Body mass index (kg/m2) 24.8 ± 3.5 23.4 ± 3.5
Neck circumference (cm) 39.5 ± 2.8 33.5 ± 2.4
Neck length (cm) 17.4 ± 1.4 15.0 ± 2.0
Thyro-mental distance (cm) 5.5 ± 3.1 5.5 ± 1.0
Modified mallampati classification
   I 30 (35%) 22 (27%)
   II 30 (35%) 39 (48%)
   III 21 (25%) 19 (23%)
   IV 4 (5%) 2 (2%)

Values are mean ± SD or number of patients.

Table 2. Correlations between the Optimal Laryngeal Mask Airway Cuff Volume and Parameters from the Physical Examination of the 
Head and Neck

Men (n = 84) Women (n = 83)

Correlation coefficient P value Correlation coefficient P value

Height 0.286 0.008* 0.070 0.527
Weight 0.082 0.458 0.091 0.416
Body mass index −0.044 0.687 0.060 0.590
Neck circumference 0.028 0.334 0.118 0.291
Neck length 0.321 0.003* −0.094 0.401
Thyro-mental distance 0.106 0.796 −0.160 0.345
Modified mallampati classification 0.007 0.947 −0.085 0.446

*Statistically significant (P < 0.05). 

Table 3. Correlations between the Minimal Laryngeal Mask Airway Cuff Volume and the Parameters from the Physical Examinations 
of the Head and Neck

Men (n = 84) Women (n = 83)

Correlation coefficient P value Correlation coefficient P value

Height 0.417 < 0.001* 0.562* < 0.001*
Weight 0.040 0.719 −0.068 0.545
Body mass index −0.158 0.149 −0.320 0.003
Neck circumference −0.131 0.231 −0.213 0.054
Neck length 0.379 < 0.001* 0.428 < 0.001*
Thyro-mental distance −0.085 0.442 −0.209 0.060
Modified mallampati classification −0.728 < 0.001* −0.545 < 0.001*

*Statistically significant (P < 0.05). 
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Discussion

Our study investigated the correlation between the optimal 

or minimal LMA cuff volumes and the physical parameters 

of patients, according to patient sex. The results of our study 

indicate that patient height, neck length, and MMP are good 

predictors of the optimal or minimal LMA cuff volumes. Es-

pecially, there was a high correlation in the equation for cal-

culating the minimal LMA cuff volume, using patient height, 

neck length, and MMP. 

The manufacturer’s instruction manual for determining 

LMA size indicated a body weight-related selection (i.e., 50–

70 kg for size 4 and 70–100 kg for size 5). However, in previous 

studies [9,10,13], a sex-related selection of LMA size (i.e., size 

4 in women and size 5 in men) provided the optimal size by 

an ease of insertion, sufficient sealing effect, and satisfactory 

anatomical position of the LMA in patients. In our study, we 

investigated the correlations between LMA cuff volume and 

physical parameters with the selection of LMA size based on 

patient sex.

LMA is designed to fit the laryngeal part of the pharynx, 

and the proximal part of the cuff should be positioned caudal 

to the jaw and tonsils [11]. The cuff pressure of LMA exerted 

on the pharyngeal mucosa may result in potential morbidity. 

However, the exerted pressure of LMA cuff did not distrib-

ute evenly on the pharynx [9,14], and the high pressure of 

LMA cuff maintained its shape on the pharynx, leading to 

mucosal ischemia with increased sealing effect [15]. Direct 

measurements of the exerted pressure on mucosa generally 

increase with increasing LMA cuff volume [15]. When the cuff 

is inflated according to the recommended maximal volume, 

the exerted pressure can exceed the capillary pressure [15]. 

Clinical data have shown a higher incidence of postoperative 

morbidities in adults in these situations [2-4]. The postopera-

tive vulnerable ischemic site comprises the posterior pha-

ryngeal wall by the LMA tube and the base of the tongue by 

Table 4. Maximal, Optimal, and Minimal Laryngeal Mask Airway 
Cuff Pressures, with the Minimal Laryngeal Mask Airway Cuff 
Volume

Men (n = 84) Women (n = 83)

Maximal cuff pressure 
(cmH2O)

227.0 ± 23.9 274.2 ± 23.8 

Optimal cuff volume at cuff 
pressure 60 cmH2O (ml)

24.7 ± 3.1 15.9 ± 2.0 

Minimal cuff volume (ml) 12.1 ± 5.2 7.1 ± 3.7 
Minimal cuff pressure 

(cmH2O) 
12.0 ± 12.7 13.3 ± 14.2

Values are mean ± SD.
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the LMA cuff [15]. If the cuff is placed in the oral cavity, it may 

increase the risk of a sore throat or ischemic damage around 

the tongue. The serious complications associated with the 

use of LMA that have been reported include transient tongue 

cyanosis and neuro-paralysis in the lingual, hypoglossal, or 

recurrent laryngeal nerve [2-4]. Furthermore, increasing the 

cuff volume of LMA displaces the larynx anteriorly and re-

sults in the movement of the epiglottis into the bowel and de-

terioration of the fiberoptic view and gastric insufflation [16]. 

Therefore, an adjustment of the optimal or minimal LMA cuff 

volume may be essential and important for avoiding these 

complications. 

Numerous other clinical trials have investigated the use of 

physical examination parameters for the predication of the 

cuff volume of an endotracheal tube, laryngeal tube, and ob-

structive sleep apnea grade [17-19]. Shibasaki et al. [17] esti-

mated the optimal cuff volume of an endotracheal tube using 

the tracheal diameter and patient’s height and age. In addi-

tion, Asai and Shingu [18] reported that the appropriate cuff 

volume of the laryngeal tube is correlated with the patient’s 

height and weight. Furthermore, Frideman et al. [19] found 

that physical findings such as MMP, tonsil size, and BMI were 

strongly correlated with the severity of obstructive sleep ap-

nea. In our study, we evaluated whether the physical param-

eters of patients could be used as predictors of the optimal or 

minimal LMA cuff volume. Therefore, predicting LMA cuff 

volume by physical parameters, and adopting the optimal or 

minimal cuff volume as guidelines, could be helpful in anes-

thetic practice. Our findings show that the minimal volume 

of LMA cuff correlated with patient height, neck length, and 

MMP, while the optimal volume of LMA cuff only correlated 

with the patient height and neck length. These results dem-

onstrate stronger correlations between physical parameters 

and the minimal volume than the optimal cuff volume. The 

soft characteristic in the minimal volume is better able to fit 

into the variable contours of the pharynx than the tense char-

acteristic in the optimal volume. According to the clinical 

results in our study, the greater the patient’s height and neck 

length, the larger the cuff volume for the optimal LMA cuff 

pressure should be.

In our study, the maximal LMA cuff pressures according 

to the manufacturer’s recommended maximal volume were 

found to exceed 200 cmH2O (227.0 cmH2O in men and 274.2 

cmH2O in women). Ideally, the LMA cuff should be inflated 

with the minimal cuff volume required to provide an ef-

fective pharyngeal seal [20]. Generally, the perfusion of the 

pharynx is reduced when mucosal pressure is increased over 

60 mmHg [1], and a cuff pressure below 60 cmH2O not only 

reduces the risk of mucosal ischemia but also improves the 

seal around the LMA cuff [20,21]. An optimal LMA cuff pres-

sure of 60 cmH2O can provide an adequate pharyngeal seal 

above 15 cmH2O of airway pressure under positive pressure 

ventilation in 93% of patients [11]. In our study, we found 

that the inflation of the LMA cuff to achieve a pharyngeal seal 

only required approximately one-half of the maximal recom-

mended inflation volume (24.7 ml vs. 40 ml for men, 15.9 ml 

vs. 30 ml for women). 

The anatomy of the pharynx is known to vary according to 

patient sex [9,22,23]. In the study of Brimacombe and Keller 

[9], in the selection for LMA size based on patient sex, it was 

suggested that there were the differences in pharyngeal shape 

and compliance between men and women. Furthermore, 

Shigeta et al. [22] reported that men have a significantly lon-

ger oropharynx containing a larger soft tissue volume than 

women. In the present study, in contrast to the other results 

showing a strong correlation with physical parameters, the 

optimal cuff volume in women was not correlated with the 

physical parameters. The LMA cuff volume would be less 

variable in the smaller space of the oropharynx in women 

compared with the larger space in men. The surface of the 

LMA cuff may be more rigid than that of the minimal volume, 

and therefore the cuff volume may be less variable among 

oropharynx anatomical shapes and compliances. But in this 

present study, the number of patients was not calculated on 

the base of the statistical analysis for sex, so the interpretation 

of the results may be inappropriate.

This study had some limitations. First, we did not measure 

postoperative pharyngo-laryngeal complications; therefore, 

we could not determine whether the LMA cuff volume em-

ployed in our study reduced such complications. Second, we 

constructed the REs using data obtained from LMA classicTM 

with silicone. This REs may vary according to the type of LMA 

cuff material; therefore, the equation may not be applicable 

if another LMA device is utilized. Third, there may be some 

ethnic variability among patients, indicating that the results 

reported here may not be generalizable to other patient pop-

ulations.

In conclusion, the cuff volume of the LMA can be better 
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estimated by patient height, neck length, and MMP classifica-

tion, according to patient sex. The equation for calculating of 

the minimal cuff volume shows a high correlation with pa-

tient height, neck length, and MMP.
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