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Background: The elderly have been reported to show anatomical and physiologic changes in the upper airway, which 
might affect the supraglottic airway (SGA) performance in geriatric populations. This study aimed to evaluate the clinical 
efficacy of the classic laryngeal mask airway (LMA-C) in the elderly compared with young adult patients.
Methods: Fifty patients aged 65–85 years (elderly group) and 50 patients aged 20–40 years (young group) who were 
scheduled for surgery using the LMA-C for general anesthesia were enrolled in this prospective, non-randomized, com-
parative study. Manipulations required during insertion, success rate, insertion time, oropharyngeal leak pressure, gastric 
insufflation, and intraoperative inadequate ventilation with the LMA-C were assessed. Fiberoptic evaluation was used to 
determine the position of the LMA-C.
Results: In the elderly group, the insertion success rate on the first attempt was significantly lower than that in the young 
group (84 vs. 96%, P = 0.02). The insertion time in the elderly group was significantly longer than that in the young group 
(28.5 ± 19.6 vs. 22.2 ± 6.4 seconds, P = 0.001). However, there was no difference in oropharyngeal leak pressure or fiberop-
tic grade between the two groups after proper placement of the LMA-C. During the surgery, inadequate ventilation events 
occurred more frequently in the elderly group than in the young group (31.3 vs. 4.0%, P < 0.001). 
Conclusions: The clinical efficacy of the LMA-C in elderly patients was inferior to that in young adult patients. There-
fore, further studies are required to determine the type of SGA that can provide excellent clinical efficacy in the geriatric 
population.
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Introduction 

Perioperative use of a supraglottic airway (SGA) is known 
to require a relatively low anesthetic depth, and results in less 
hemodynamic stimulation and a lower incidence of airway 
complications such as coughing and sore throat after emergence 
from anesthesia than endotracheal intubation [1]. Further-
more, an SGA could shorten the recovery time [1]. Due to these 
advantages, the SGA is useful, especially in geriatric patients, 
because elderly patients have declining functional reserve, suffer 
more from cardiopulmonary diseases, and are more sensitive to 
anesthetic drugs [2,3].

The cuff of the SGA is inserted through the mouth and placed 
between the tongue base, hypopharynx, and upper esophageal 
sphincter (UES) for proper ventilation [4]. Additionally, close 
contact between the cuff of the SGA and the adjacent tissues 
of the upper airway is essential for the ventilatory function of 
the SGA. Therefore, anatomical or physiological changes in the 
upper airway and UES may affect the performance of the SGA. 
Some previous studies reported structural and physiological 
changes in the pharyngeal airway and UES with increasing age 
[5-9]. In the elderly, the shape and size of the pharyngeal air-
way were found to be different from those in young adults [5-8]. 
There are changes in the function and structure of the UES with 
increasing age [9]. These changes with aging might affect the 
performance of the SGA in the elderly population.

However, despite abundant studies assessing the efficacy of 
the SGA in children according to the anatomic characteristics 
of the upper airway [10-12], to the best of our knowledge, very 
few studies have assessed the performance of the SGA in the ge-
riatric population. Therefore, we designed this study to compare 
the clinical efficacy of the LMA ClassicTM (LMA-C, Laryngeal 
Mask Company Ltd., Henley-on-Thames, UK) between elderly 
patients and young adult patients. 

Materials and Methods

This prospective, non-randomized, comparative study was 
approved by the Institutional Ethics Committee and registered 
at ClinicalTrials.gov. Written informed consent was obtained 
from all subjects. Among the patients who were scheduled to 
undergo general anesthesia using the LMA-C for urologic and 
orthopedic surgeries expected to last less than 2 hours between 
December 2012 and November 2013, we enrolled 50 consecu-
tive patients aged 20–40 years (young group). During the same 
period, 50 patients aged 65–85 years (elderly group) were en-
rolled consecutively. Exclusion criteria included American Soci-
ety of Anesthesiologists physical status greater than III; known 
or predicted difficult airway (Mallampati class 4, mouth opening 
< 3 cm, or thyromental distance < 6 cm); body mass index (BMI) 

>35 kg/m2; increased risk of aspiration; gastro-esophageal reflux; 
obstructive sleep apnea syndrome; hyperreactive airway disease 
including asthma, chronic obstructive pulmonary disease, and 
recent upper respiratory disease; and neuromuscular disease. 

All patients fasted for at least 8 hours. The size of the LMA-
C was determined based on the manufacturer’s instructions and 
the patient’s body weight. A size 3 LMA-C was used for patients 
weighing less than 50 kg, a size 4 LMA-C was used for patients 
weighing 50–70 kg, and a size 5 LMA-C was used for patients 
weighing more than 70 kg. A standard pre-use test was per-
formed. Then, the cuff of the LMA-C was partially inflated with 
half the amount of air recommended by the manufacturer (size 3, 
10 ml of air; size 4, 15 ml of air; and size 5, 20 ml of air) [13-15]. 
All devices were lubricated with a water-soluble gel.

No premedication was administered to the patients. Upon 
arrival in the operating theater, the patient underwent monitor-
ing including non-invasive blood pressure measurement, pulse 
oximetry, electrocardiography, and bispectral index (BIS). The 
patient’s head was supported on a doughnut-shaped gel pad in 
a sniffing position. All patients were pre-oxygenated with 100% 
oxygen for 3 min; then, anesthesia was induced with propofol 
1.5 mg/kg and remifentanil 1.0 µg/kg for patients in the young 
group, and propofol 1.0 mg/kg and remifentanil 0.5 µg/kg for 
patients in the elderly group. Propofol 0.5 mg/kg was adminis-
tered additionally until the patients lost consciousness. After loss 
of consciousness was confirmed by verbal stimuli, rocuronium 
0.3 mg/kg was administered and the patients’ lungs were manu-
ally ventilated through a facemask. Anesthesia was maintained 
with 1.0–4.0% of sevoflurane in an O2/air mixture (fraction of 
inspired oxygen = 0.5) to adjust the value of the BIS in the range 
of 40–60. LMA-C insertion was performed when the jaw was 
relaxed.  

In all participants, the LMA-C was inserted and managed by 
three anesthesiologists who were experienced in using the LMA-
C and did not participate in this study. All data were assessed 
and recorded by an independent observer who did not know 
the objective of this study. At the first attempt, the LMA-C was 
inserted with the cuff partially inflated, using the midline ap-
proach [13-15]. If resistance was encountered during insertion, 
rightward or leftward rotation was performed during advance-
ment [15-18]. Effective ventilation was confirmed by bilateral 
chest wall expansion and an appropriate capnographic trace 
after the cuff pressure of the LMA-C was adjusted to 60 cmH2O 
using a cuff pressure gauge (VBM Medizintechnik GmbH, Sulz, 
Germany). If the attending anesthesiologist could not ventilate 
effectively through the LMA-C (inadequate ventilation: inability 
to generate more than 7–10 ml/kg tidal volume), manipulations 
to improve the position of the device, such as adjusting the depth 
of insertion (pushing or withdrawing the device slightly), thrust-
ing the jaw, or extension/flexion of the head, were performed. 
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If these manipulations were not effective, the anesthesiologist 
removed the LMA-C and tried to insert the LMA-C again at the 
second attempt. If effective ventilation was not obtained after 
reinsertion, the insertion attempt was considered a failure and 
the anesthesiologist managed the airway according to his or her 
own discretion. The insertion time was defined as the time from 
grasping the LMA-C to confirmation of effective ventilation.

After confirmation of effective ventilation, the lungs were 
mechanically ventilated with a tidal volume of 8 ml/kg at a rate 
of 8–15 breaths/min. After 1 min, mechanical ventilation was 
stopped and oropharyngeal leak pressure was measured by set-
ting the expiratory valve of the breathing circle to 40 cmH2O at 
a fresh gas flow of 3 L/min and it was defined as the airway pres-
sure at which equilibrium was reached and an audible leak at 
the mouth was ascertained [19,20]. At that time, the presence of 
gastric insufflation was also assessed by listening with a stetho-
scope over the epigastrium. Fiberoptic position of the LMA-C 
was assessed by passing a fiberscope through the LMA-C to a 
position just proximal to the mask aperture. The fiberoptic view 
was graded using the Brimacombe Score (1, vocal cords not vis-
ible; 2, vocal cords and anterior epiglottis visible; 3, vocal cords 
and posterior epiglottis visible; 4, vocal cords visible) [21].

When inadequate ventilation occurred during the surgi-
cal procedure, it was first managed by deepening the plane 
of anesthesia or through the administration of 0.1 mg/kg of 
rocuronium. In cases that could not be resolved by such a man-
agement, the previously mentioned manipulations to improve 
the position of the device were performed. After the end of the 
surgical procedure, the LMA-C was removed once the patient 
regained consciousness and responded to verbal commands. 
After removal, the LMA-C was inspected for any traces of blood. 
Throughout this investigation, desaturation was defined as SpO2 
less than 95%, and desaturation events were also recorded. 

The independent observer assessed postoperative airway 
morbidity including sore throat, dysphonia, and dysphagia 24 h 
after surgery. 	

A previous study in adults excluding the elderly aged more 
than 65 years demonstrated that the mean ± standard devia-
tion (SD) oropharyngeal leak pressure of the LMA classic was 
15.3 ± 5.2 cmH2O [22]. We considered that a difference of 20% 
in oropharyngeal leak pressure was clinically important, and to 
detect this difference with an alpha = 0.05 and beta = 0.2, at least 
47 patients were required in each group. We decided to enrol 
50 patients in each group, considering that some patients may 
drop out. Comparisons between the groups were performed 
with Student’s t-test, the Mann-Whitney rank-sum test, χ2 test, 
and Fisher’s exact test when appropriate. A P value <0.05 was 
considered statistically significant. All statistical analyses were 
performed using IBM SPSS Statistics version 20 (SPSS Inc., Chi-
cago, IL, USA).

Results

Among the 55 young adult patients and 53 elderly patients 
who were screened for enrolment, 6 patients (5 young adult pa-
tients and 1 elderly patient) declined to participate in the study, 
and 2 elderly patients met the exclusion criteria of the study. 
Finally, 100 patients (50 patients in each group) participated in 
this study.

Table 1 shows the patient and airway-related characteristics. 
The patients’ height, weight, and thyromental distance were 
greater in the young group than in the elderly group, and thus 
the composition of the LMA-C sizes inserted into the partici-
pants was different between the two groups. However, the BMI 
was comparable between the two groups. The number of pa-
tients with poor dentition was greater in the elderly group than 
in the young group. The duration of anesthesia and surgery was 
also longer in the young group than in the elderly group.

Parameters related to LMA-C insertion are shown in Table 2. 
Effective ventilation was achieved differently between the two 
groups (P = 0.002). Ventilation was obtained effectively at the 
first attempt without any manipulation in 42 (84%) patients 
and 25 (50%) patients and after a rotation maneuver in 6 (12%) 
patients and 17 (34%) patients in the young and elderly groups, 
respectively. The first attempt success rate was significantly lower 
in the elderly group (84 vs. 96%, P = 0.02); thus, the insertion 
time was significantly greater in the elderly group than in the 

Table 1. Patient and Airway-related Characteristics

Young group 
(n = 50)

Elderly group 
(n = 50) P value

Age (yr) 29.2 ± 5.7 71.2 ± 5.0 <0.001
Sex (M/F) 42/8 43/7 1.000
Height (cm) 173.3 ± 6.9 166.1 ± 6.8 <0.001
Weight (kg)   71.5 ± 10.7   65.5 ± 10.4 0.005
Body mass index (kg/m2)  23.9 ± 3.0  23.7 ± 2.8 0.731
Current smoker 20 (40%) 21 (42%) 1.000
Mallampati class 
    1
    2
    3

37 (74%)
10 (20%)

3 (6%)

34 (68%)
12 (24%)

4 (8%)

0.638

Mouth opening (cm) 5.4 ± 0.8 5.2 ± 0.8 0.097
Thyromental distance (cm) 7.9 ± 0.8 7.5 ± 0.8 0.044
Poor dentition* 0 (0%) 14 (28%) <0.001
LMA-C size 
    3
    4
    5

2 (4%)
15 (30%)
33 (66%)

2 (4%)
35 (70%)
13 (26%)

<0.001

Duration of anesthesia (min) 81.7 ± 37.6 64.8 ± 30.7 0.016
Duration of surgery (min) 51.0 ± 35.2 33.2 ± 28.5 0.008

Values are expressed as mean ± SD or as number (%). *Poor dentition 
includes participants with no teeth; missing, loose, or broken teeth; and 
partial or complete dentures.
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young group. Moreover, in 2 patients from the elderly group, 
proper placement of the LMA-C failed despite a second attempt; 
finally, endotracheal intubation was performed. They were ex-
cluded from further assessments. However, there was no case of 
desaturation during anesthetic induction. 

Table 3 demonstrates the performance of the LMA-C after 
proper placement for effective ventilation. The oropharyngeal 
leak pressure and fiberoptic grade were comparable between the 
two groups. 

During the surgery, inadequate ventilation events requiring 
adjustment of the LMA-C position occurred in 15 (31.3%) pa-
tients from the elderly group and in 2 (4.0%) patients from the 
young group (P < 0.001). During anesthetic emergence, there 
was 1 case of desaturation in the elderly group, probably caused 

by a laryngeal spasm lasting less than 1 min. However, the pa-
tient recovered without any significant morbidity. 

Table 4 describes the number of patients with a blood-tinged 
LMA-C after removal and postoperative airway morbidity, 
which were not significantly different between the two groups.  

Discussion

This study demonstrated that the success rate of adequate 
ventilation on the first attempt when placing an LMA-C was sig-
nificantly lower in elderly patients than in young adult patients. 
Moreover, the elderly patients required more rotatory manipu-
lations and position adjustments for insertion and placement 
of the LMA-C for adequate ventilation compared to the young 

Table 2. Parameters Related to the LMA-C Insertion

Young group
(n = 50)

Elderly group
(n = 50) P value

First attempt success rate 48 (96%) 42 (84%) 0.020
Establishment of effective ventilation 0.002
    On the first attempt without any manipulation 42 (84%) 25 (50%)
    On the first attempt after a rotation maneuver 6 (12%) 17 (34%)
    After adjusting the position or re-insertion 2 (4%) 6 (12%)
    Failure and endotracheal intubation 0 (0%) 2 (4%)
Insertion time (seconds) 22.2 ± 6.4 28.5 ± 19.6* 0.001

Values are expressed as number (%) or as mean ± SD. *n = 48. 

Table 3. Performance of the LMA-C

Young group
(n = 50)

Elderly group
(n = 48) P value

Peak airway pressure (cmH2O) 11.1 ± 1.5 11.7 ± 2.0 0.096
Oropharyngeal leak pressure (cmH2O) 18.7 ± 4.3 18.4 ± 4.7 0.705
Gastric insufflation 2 (4.0%) 3 (6.2%) 0.963
Fiberoptic grade 0.609
    1: vocal cords not visible 14 (28.0%) 18 (37.5%)
    2: vocal cords plus anterior epiglottis visible 12 (24.0%) 7 (14.6%)
    3: vocal cords plus posterior epiglottis visible 9 (18.0%) 9 (18.8%)
    4: only vocal cords visible 15 (30.0%) 14 (29.2%)

Values are expressed as mean ± SD or as number (%). 

Table 4. Blood-tinged LMA-C after Removal and Postoperative Airway Morbidity

Young group 
(n = 50)

Elderly group 
(n = 48) P value

Blood-tinged LMA-C after removal 6 (12.0%) 1 (2.1%) 0.112
Morbidity at 24 h after surgery
    Sore throat 6 (12.0%) 5 (10.4%) 0.804
    Dysphonia 0 (0%) 2 (4.2%) 0.237
    Dysphagia 1 (2.0%) 0 (0%) 1.000

Values are expressed as number (%).
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patients. Therefore, it took more time to insert and place the 
LMA-C in the proper position in elderly patients than in young 
patients. Additionally, episodes of inadequate ventilation requir-
ing LMA-C position adjustment during surgery occurred more 
frequently in the elderly patients than in the young patients. 

Our findings with respect to the first attempt success rate of 
LMA-C insertion and adequate ventilation in the young group 
(96%) compares well with the results of previous studies [15,23]. 
Previous studies demonstrated that the first attempt success rate 
in adults (mean age: 39.7–45.1 years) was 96.7–98.0% [15,23]. 
In our study, the number of elderly patients who needed further 
adjustment of the LMA-C position after initial insertion was 
greater than that of young patients. Therefore, the first attempt 
success rate among the elderly patients was 84% and it was 
significantly lower than that among the young patients. Accord-
ing to a magnetic resonance imaging study, the cuff of the SGA 
should be located vertically between the tongue base and the 
UES and horizontally between both lateral pharyngeal walls [4]. 
Previous studies reported structural changes in the pharyngeal 
airway with increasing age. The volume or cross-sectional area 
of the pharyngeal airway may be greater in the elderly than in 
the young [5-7]. The length of the pharyngeal airway was shown 
to be longer in the elderly [7,8]. These changes may increase or 
transform the potential space in which the cuff of the LMA-C 
is placed. Moreover, the resting pressure of the UES was lower 
and the length of the UES high-pressure zone was shorter in 
the elderly than in the young [9], which may affect the depth of 
insertion of the tip of the LMA-C cuff into the UES. Therefore, 
changes related to aging may be associated with difficulty in 
obtaining proper positioning for adequate ventilation on the 
first attempt in elderly patients. However, when the LMA-C was 
placed in the proper position for adequate ventilation, the venti-
lation performance of the LMA-C was comparable between the 
elderly and young patients; there was no difference in the oro-
pharyngeal leak pressure, the incidence of gastric insufflation, 
and the fiberoptically determined cuff position. 

In this study, the LMA-C was inserted with a partially inflat-
ed cuff. Although it was first reported that the LMA-C should 
be inserted with the cuff fully deflated, previous studies demon-
strated that an LMA-C with the cuff partially inflated could be 
more successfully and easily placed [13-15]. Additionally, studies 
comparing the LMA-C with another type of SGA demonstrated 
that fully deflated LMA-Cs had lower first attempt success rates 
[22,24]. Furthermore, even in pediatric patients who have their 
own upper airway characteristics, insertion of the LMA-C with 
the cuff partially inflated was associated with a shorter insertion 
time and higher success rate [25,26]. Therefore, we adopted this 
technique. However, our study showed that a greater number of 
elderly patients required rotatory manipulation during LMA-
C advancement than young patients, which means that there 

was resistance during LMA-C insertion in a greater number of 
patients among the elderly group than among the young group, 
although the elderly were shown to have greater pharyngeal 
airway space [5-8]. This finding could not be explained by the 
anatomical and physiological changes in the upper airway with 
aging. However, this finding might imply that insertion of the 
LMA-C with the cuff partially inflated is less useful in elderly 
patients because the technique increases the size of the LMA-C 
cuff and thus may increase resistance during the advancement 
of the LMA-C. Of note, Ezri et al. [27] reported a higher rate 
(87.5%) of easy insertion (without any manipulations) with a 
fully deflated LMA-C cuff in elderly patients compared to our 
study (50%, success on the first attempt without manipulations). 
However, we cannot conclude that an insertion technique with a 
fully deflated cuff is appropriate in the elderly because the previ-
ous study did not describe the definite method of assessment 
and enrolled relatively younger patients in the elderly group 
(mean age: 66 years) compared to our study (the average age of 
the elderly patients in the present study was 71 years).

Our study reported intraoperative events of inadequate ven-
tilation requiring LMA-C position adjustment. Because these 
events were not resolved by deepening the anesthesia or through 
the administration of a muscle relaxant, displacement of the 
LMA-C cuff was the likely cause of inadequate ventilation. In the 
elderly group, the number of patients with inadequate ventila-
tion resulting from displacement during surgery was significant-
ly greater than that in the young group, although the duration 
of surgery was shorter in the elderly group than in the young 
group. The previously mentioned changes in the pharyngeal 
airway with aging might be associated with higher occurrence of 
inadequate ventilation in the elderly group. Furthermore, poor 
dental status in the elderly group may need more attention in 
order to maintain the position of the LMA-C and thus it might 
cause inadequate ventilation events.

Performing rotatory manipulations and position adjustments 
after the first LMA-C insertion attempt can increase the time 
required to obtain proper ventilation. As a result, the insertion 
time for adequate ventilation was significantly greater in elderly 
patients than in young patients in this study. Additionally, inad-
equate ventilation during the surgical procedure occurred more 
frequently in the elderly than in the young. These situations may 
increase the chance of hypoxic events in all elderly patients and 
can be dangerous, especially in multi-morbid elderly patients. 
Moreover, this study demonstrated that the clinical efficacy of 
the LMA-C in the elderly may be different from that in young 
patients, and the elderly have their own airway characteristics. 
Therefore, the performances of different types of SGAs need to 
be evaluated separately in geriatric populations.

This study has some limitations. The clinical efficacy of the 
LMA-C was compared between elderly and young adult pa-
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tients, and middle-aged patients (aged 41–64 years) were not 
enrolled in this study. Because of the substantial generation gap 
between the two groups, there was a significant difference in 
physical constitution between the two groups, and thus the size 
of the LMA-C used in this study was not comparable between 
the elderly and the young. The application of a larger-sized 
LMA-C in the young patients might have affected the results of 
this study. However, in this study, the size of the LMA-C was de-
termined based on the manufacturer’s recommendations. Also, 
the rate of poor dental status was higher in the elderly group. 
Poor dentition may have affected the performance of the LMA-
C in elderly patients. However, the first attempt success rate of 
the LMA-C was 88.8% and the rate of intraoperative inadequate 

ventilation was 33.3% in 36 elderly patients with good dentition. 
Thus, the performance of the LMA-C in elderly patients with 
good dentition was inadequate compared to that in the young 
patients.

In conclusion, the LMA-C is less effective in elderly patients 
than in young adult patients. Therefore, further studies that com-
pare and assess the clinical efficacy of other types of SGAs are 
needed in order to aid proper selection of an SGA in the elderly.
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