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Abstract
Background: Insertion under laryngoscopic guidance has been used to achieve ideal positioning of the laryngeal
mask airway (LMA). However, to date, the efficacy of this technique has been evaluated only using fiberoptic evaluation,
and the results have been conflicting. Other reliable tests to evaluate the efficacy of this technique have not been
established. Recently, it has been suggested that the accuracy of LMA placement can be determined by clinical signs
such as oropharyngeal leak pressure (OPLP). The aim of this study was to assess the efficacy of LMA insertion under
laryngoscopic guidance using OPLP as an indicator.
Methods: After approved by the institutional ethics committee, a prospective comparison of 100 patients divided into 2
groups (50 with blind technique and 50 with the laryngoscope technique) were evaluated. An LMA (LarySeal™, Flexicare
medical Ltd., UK) was inserted using the blind approach in the blind insertion group and using laryngoscopy in the
laryngoscope-guided insertion group. The OPLP, fiberoptic position score, whether the first attempt at LMA insertion was
successful, time taken for insertion, ease of LMA insertion, and adverse airway events were recorded.
Results: Data were presented as mean ± standard deviation. The OPLP was higher in the laryngoscope-guided insertion
group than in the blind insertion group (21.4 ± 8.6 cmH2O vs. 18.1 ± 6.1 cmH2O, p = 0.031). The fiberoptic position score,
rate of success in the first attempt, ease of insertion, and pharyngolaryngeal adverse events were similar between both
groups. The time taken for insertion of the LMA was significantly longer in the laryngoscope-guided insertion group,
compared to blind insertion group (35.9 ± 9.5 s vs. 28.7 ± 9.5 s, p < 0.0001).
Conclusion: Laryngoscope-guided insertion of LMA improves the airway seal pressure compared to blind insertion. Our
result suggests that it may be a useful technique for LMA insertion.
Trial registration: cris.nih.go.kr, identifier: KCT0001945 (2016-06-17).
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Background
The laryngeal mask airway (LMA) has been used routinely
during general anaesthesia replacing endotracheal intubation, or has served as a bridge between endotracheal intubation and the facemask in emergent airway management
[1, 2]. The blind insertion technique described by Brain is
most widely used [3], but insertion of the LMA is not always
smooth and anaesthetic gas leakage and gastric insufflation
may occur [1, 4]. For achieving the ideal anatomical position
of the LMA, various techniques, including insertion with
the use of a laryngoscope, have been described [5, 6]. This
technique was designed to control the tongue and displace
the epiglottis superiorly so that the LMA can be placed over
the tongue at a position below the epiglottis, with minimal
resistance from the oral soft tissues [5]. However, except
fiberoptic assessment which was based on the anatomic
position of epiglottis and vocal cords [5, 6], reliable tests for
efficacy of this technique have not been established.
In addition, to assess the airway seal and adequate ventilation of LMA, the value of the fiberoptic scoring system
has been questioned [4, 7]. Alternative assessment modalities are needed. Recently, it has been suggested that the
accuracy of LMA placement can be determined from clinical signs such as oropharyngeal leak pressure (OPLP).
OPLP is commonly measured during LMA insertion to
evaluate the degree of airway protection. High OPLPs are
desirable as they indicate the feasibility of positive
pressure ventilation and the likelihood of successful supraglottic airway placement [1, 7–12]. However, so far, no
study has evaluated the efficacy of laryngoscope-guided
LMA insertion techniques using OPLP as an indicator.
The aim of this randomised prospective study was to
assess and compare the efficacy of blind LMA insertion
with that of laryngoscope-guided LMA insertion. We
considered that OPLP indicates clinical performance or
function of the LMA better than fiberoptic score system
does. The primary outcome of this study was the OPLP.
The secondary outcomes were the fiberoptic position
score, rate of success of first attempt at insertion, time
taken for insertion of the LMA, ease of insertion, and
the occurrence of any pharyngeal adverse event.
Methods
This prospective, randomised controlled trial was performed at Ajou University Hospital, Suwon, Republic of
Korea, and was approved by the Institutional Ethics Committee (AJIRB-MED-DEO-16-072). After obtaining written
informed consent for participation in the study, we enrolled
100 patients (American Society of Anesthesiologists physical status I or II, Age 19–70 years) scheduled to receive
general anaesthesia with LMA insertion for elective minor
surgery or ambulatory surgery. The exclusion criteria were
as follows: (1) a recent history of upper respiratory tract infection, and (2) contraindication to the use of the LMA,
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such as a body mass index (BMI) ≥ 40 kg/m2, symptomatic
hiatal hernia, or severe oesophageal reflux disease. The trial
is registered in a public trial register (Clinical Research Information Service, CRIS) under the identification number
KCT0001945.
The patients were randomly divided into two groups with
50 patients in each, using a random group generator: the
blind insertion group (Group 1) and the laryngoscope
-guided insertion group (Group 2). Preoperative assessment
included Mallampati airway classification. After the patient’s arrival in the operating room, routine monitoring
was applied, including electrocardiography, pulse oximetry,
and noninvasive blood pressure measurement. Bispectral
index (BIS) was monitored using a commercial device
(A-2000™, Aspect medical systems, USA). Without premedication, anaesthesia was induced using a standard anaesthetic protocol without the use of muscle relaxant.
Induction of anaesthesia was achieved with intravenous
propofol (1.5–2.0 mg/kg) and remifentanil continuous infusion. Remifentanil infusion was started and maintained at
effect-site concentration 2.0 ng/ml. For effect-site targetcontrolled infusion (TCI) of remifentanil, a commercial
TCI pump (Orchestra Base Primea, Fresinus Vial, France)
was used. After the patient lost consciousness, with
continuous infusion of remifentanil, 2 vol% sevoflurane was
administered and mask ventilation was performed for approximately 5 min for adequate depth of anaesthesia and
muscle relaxation [13]. When an appropriate depth of anaesthesia was achieved (relaxation of the jaw, BIS < 60), the
head was placed in the dorsiflexion sniffing position and a
lubricated LMA (LarySeal™, Flexicare medical Ltd., UK)
was inserted using the blind technique in Group 1 and
under laryngoscopic guidance in Group 2. Selection of the
LMA size was based on the body weight of the patient,
usually size 3 for women and size 4 for men. Laryngoscopy
was performed as described by Campbell et al. [5]; a MacIntosh #3 laryngoscope blade was placed in the vallecula
and the epiglottis was identified; then, both the tongue and
epiglottis were lifted anteriorly. It was not necessary to
visualize the tracheal opening or vocal cords. To ensure optimal inflation of LMA cuff, the LMA cuff was inflated with
air and the pressure was stabilized at 60 cmH2O using a
handheld manometer. Anaesthesiologists who had experience of at least more than 100 insertions of each technique
performed the LMA insertion.
The time taken for LMA insertion, ease of LMA insertion, whether the first attempt was successful, OPLP, and
fiberoptic position score were recorded. The time taken
for LMA insertion was defined as the duration from the
time the anaesthesiologist picked up the LMA till the
capnography tracing was obtained. A failed attempt was
defined as failed passage of the LMA into the pharynx
or ineffective ventilation (expiratory tidal volume < 5 mg/
kg or absence of a capnography tracing). The second
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attempt was performed without sniffing position, and if
the second attempt failed endotracheal intubation was
done. The patients in whom the first insertion was not
successful were excluded from the analysis. Following
successful LMA placement and ventilation, OPLP was
measured by closing the expiratory valve of the circuit at
a fixed gas flow rate of 6 L/min and noting the airway
pressure at which the gas leaked into the mouth [8]. To
ensure safety, the maximal allowable OPLP was fixed at
40 cmH2O. Because position of head can impact the
OPLP [11], the head and neck were kept in the sniffing
position during the study. A fiberoptic scope was passed
through the LMA tube to a position 1 cm proximal to
the end of the tube, and the fiberoptic position was
evaluated using the fiberoptic scoring system [5, 14]: 4,
only the vocal cords seen; 3, vocal cords plus posterior
epiglottis seen; 2, vocal cords plus anterior epiglottis
seen; 1, vocal cords not seen, but function adequate; and
0, functional failure with the vocal cords invisible. The
OPLP and fiberoptic position score were documented by
an independent researcher, who was blinded to the insertion technique. Upon completion of the study protocol, the anaesthesiologist who performed the LMA
insertion provided a subjective assessment of the insertion procedure by grading it as easy, fair, or difficult.
Haemodynamic parameters and BIS were recorded at
baseline, 1 min after anaesthesia induction, before insertion of the LMA, and 1 min after insertion of the LMA.
During the procedures, anaesthesia was maintained with
2 vol% sevoflurane and effect-site TCI of remifentanil at
2.0 ng/ml.
At the end of the surgery, the independent researcher
who was blinded to the group allocation removed the
LMA after the patient gained consciousness, and collected data on the following adverse events: The presence of blood (none/trace/moderate/severe) after
removal of the LMA. The presence or absence of sore
throat and dysphonia was assessed at 1 h
postoperatively.
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samples. Nominal data were analyzed using the chisquare test. Haemodynamic data were analyzed using
the linear mixed effect model. Data were presented as
mean ± standard deviation (SD), or numbers. A p value
< 0.05 was considered significant.

Statistical analysis

Results
A total of 100 patients consented to participate in the
study. The CONSORT flow diagram is shown in Fig. 1.
The patient characteristics are shown in Table 1. There
were no differences between the two groups in terms of
demographic characteristics and Mallampati airway classification. The types of surgery were excision of breast
tumor (11), knee arthroscopy (8), removal of fixation device (6), inguinal herniorrhaphy (6), open reduction of
fracture (5), debridement (3), others (11) in Group 1,
and excision of breast tumor (12), knee arthroscopy
(12), removal of fixation device (6), anal surgery (4),
ligation of saphneous vein (3), others (13) in Group 2.
Data on the primary and secondary variables are presented in Table 2. Values were presented as mean ± SD or
numbers. The OPLP was higher in the laryngoscope-guided
insertion group than in the blind insertion group (21.4 ± 8.6
cmH2O vs. 18.1 ± 6.1 cmH2O, p = 0.031). The fiberoptic
position score (p = 0.053) and ease of insertion (p = 0.405)
were not significantly different between the two groups. Rate
of success at the first insertion attempt was not significantly
different between the two groups (88% in Group 1, 90% in
Group 2, p = 0.749). In all the patients in whom the first insertion attempt was not successful, success was achieved in
the second attempt. The time taken for insertion of the
LMA was significantly longer in Group 2 (28.7 ± 9.5 s in
Group 1 vs 35.9 ± 9.5 s in Group 2, p < 0.0001). There was
no difference between groups with respect to adverse events
(Table 3). During anaesthesia induction and insertion of the
LMA, haemodynamic parameters (mean arterial pressure,
heart rate, oxygen saturation) and BIS were not significantly
different between the two groups (Table 4). There were no
episodes of teeth damage or hypoxia (SaO2 < 95%) during
the procedures. Anaesthesia was uncomplicated in all
patients.

The sample size of this study was determined based
on previous studies [1, 10]. If the true difference in
OPLP between the two groups was 20%, 44 participants would be required in each group to be able to
reject the null hypothesis that the population means
of the two groups were equal with a probability of
0.8. A total of 100 patients were enrolled considering
a 10% dropout rate (α = 0.05, β = 0.8).
We analyzed the data with R software package (R version 3.4.3) and SAS software version 9.4 (2002–2012,
SAS Institute Inc., USA). Continuous data were analyzed
using Student’s t-test. Nonparametric data were analyzed
using the Mann-Whitney test for two independent

Discussion
In this study, we demonstrate that laryngoscope-guided
insertion of LMA offers an advantage in terms of the
OPLP compared with blind insertion. The main finding
of our study is that laryngoscope-guided insertion results
in a higher OPLP than blind insertion. This suggests that
laryngoscope-guided insertion of LMA significantly improves the airway seal pressure. The reason that OPLP
was higher in the laryngoscope-guided insertion group is
probably because use of direct visual laryngoscopy to facilitate insertion the cuff of LMA plugs more firmly into
the periglottic tissue. Direct laryngoscope compresses
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Fig. 1 The CONSORT flow diagram

the tongue to the left so the LMA can be inserted
straightforward, minimizing lateral deviation. Under
guidance of direct laryngoscope, the LMA can be possibly in alignment with laryngeal skeleton. However, our
results indicate that laryngoscope-guided insertion is not
superior to blind insertion in terms of achieving proper
anatomical placement of the LMA, since the fiberoptic
position scores were similar for both techniques.
Table 1 Patient characteristics
Group 1 (n = 50)

Group 2 (n = 50)

p

Age (yr)

45.7 ± 12.1

44.9 ± 11.9

.740

Height (cm)

164.4 ± 8.2

164.3 ± 8.8

.981

Weight (kg)

62.7 ± 9.7

63.1 ± 10.7

.847

M/F (n)

24/26

23/27

.841

ASA physical status (I/II, n)

41/9

44/6

.400

Mallampati class (I/II/III/IV, n)

21/20/9/0

23/18/9/0

.907

Surgical time (min)

42.0 ± 23.8

48.3 ± 27.7

.235

Values are presented as mean ± SD or numbers
Group 1 = Blind insertion group; Group 2 = Laryngoscope-guided insertion
group; M Male; F Female; ASA American Society of Anesthesiologists

It is very important to position the LMA correctly in
order to ensure proper ventilation and minimize airway
adverse events during the LMA insertion. To achieve
this, several techniques of LMA insertion have been proposed [5, 6, 15–18], and laryngoscope-guided insertion
is one of them [5, 6]. The proposed aim of this technique is to prevent the occlusion of the epiglottis due to
insertion of the LMA by lifting the epiglottis upward
using the laryngoscope directly during the insertion, so
that the epiglottis does not block the vocal cord [5]. To
date, the efficacy of this technique has been evaluated
using only fiberoptic evaluation, and the results have
been conflicting [5, 6]. Campbell et al. [5] used fiberoptic
examination to compare the traditional blind insertion
technique with direct visual placement using a laryngoscope. They reported that appropriate positioning of the
LMA had been achieved in 91.5% of patients in the
direct visual placement group, compared with 42% in
the blind insertion group; the difference was significant.
Chandan et al. [6], however, reported contradictory findings. They reported that there was no statistically significant difference between the blind insertion group and
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Table 2 Safety, efficacy and utility data
Group 1

Group 2

p

Oropharyngeal leak pressure (cmH2O)

18.1 ± 6.1

21.4 ± 8.6

.031*

First attempt success rate (n, [%])

44/50 (88%)

45/50 (90%)

.749

Time taken for insertion (s)

28.7 ± 9.5

35.9 ± 9.5

< .0001*

Fiberoptic position score (4/3/2/1/0, n)

15/5/16/7/1

20/10/12/3/0

.053

Easy of insertion (easy/fair/difficult, n)

40/4/6

33/12/5

.405

Values are presented as mean ± SD or numbers
Group 1 = Blind insertion group; Group 2 = Laryngoscope-guided insertion group
* P < .05 refers to the statistical difference

the laryngoscope-guided insertion group using the fiberoptic position scoring proposed by Campbell et al. [5],
which is similar to our finding. Because of these conflicting reports, the efficacy of laryngoscope-guided LMA
placement, assessed using fiberoptic evaluation, seems to
be controversial.
Although the most convenient method to assess the
accuracy of anatomic placement of the LMA for clinical
studies is fiberoptic examination, the value of the fiberoptic scoring system as a means of assessing proper positioning and airway seal function of the LMA has been
debatable [4, 11, 19, 20]. Some studies demonstrated
that there was no correlation between position and
tightness of the LMA, and no prediction of tightness
was possible [7, 20]. In Füllekrug et al.’s study [4], the
epiglottis was observed to be in various positions
obstructing the glottis opening, but clinical signs of improper placement were rarely observed. The airway can
be functionally patent and clinically acceptable even
when anatomic placement is less than optimal since the
accessory vent allows good airflow to continue. Some researchers have suggested that fiberoptic scoring of the
cuff position is not an accurate test to assess the airway
seal and ventilation function of the LMA [4, 7, 20]. We
speculated that the efficacy of the seal or tightness may
vary depending on the individual patient’s laryngopharyngeal anatomy, in addition to the anatomical placement
of the LMA.
In contrast to previous studies that evaluated the efficacy of this technique, we measured the OPLP to judge
the appropriateness of the airway maintenance and protection, and the correct mounting of the LMA. Recently,
Table 3 Incidence of adverse events
Group 1
(n = 44)

Group 2
(n = 45)

p

Bleeding (none/trace/moderate, n)

43/1/0

39/5/1

.053

Pharyngolaryngeal adverse event
(none/sore throat/dysphonia)

37/6/1

33/12/0

.189

Values are presented as numbers
Group 1 = Blind insertion group; Group 2 = Laryngoscope-guided
insertion group

it was suggested that the actual tightness of the inserted
LMA, rather than fiberoptic view, is an important parameter of adequate airway management [1]. As a mean
of this evaluation, an airway sealing pressure or OPLP is
commonly performed with the supraglottic airway to
quantify the seal with the airway and judge the appropriateness of ventilation [1, 7–12]. OPLP values have been
widely used as a reference for feasibility of positive pressure ventilation and the degree of airway protection and
is regarded as the most important value when testing
the stability of a LMA [9]. Studies to date have not
achieved a consensus regarding leak pressure of LMA
inserted by laryngoscope-guided technique. To our
knowledge, it is the first study that evaluate the usefulness of this technique in terms of OPLP.
Someone might state that the reason to use the blind
technique is to avoid the sympathetic stimulation and
pharyngolaryngeal adverse events from instrumentation of
the oropharyngeal soft tissues during laryngoscopy [5, 6].
Although these haemodynamic changes are short-lived,
they are undesirable in patients with pre-existing myocardial or cerebral disease [21]. LMA placement without
laryngoscopy avoids airway trauma with fewer changes in
haemodynamic parameters [6]. In our study, there were
no differences between two groups in haemodynamic
parameters and incidence of pharyngolaryngeal adverse events. The reason for these findings was
probably secondary to the applied laryngoscopy technique in this study – just gently lift the epiglottis
and not necessary to visualize the tracheal opening
or vocal cords [5]. It also indicated that the depth of
anaesthesia was adequate after 5 min of 2 vol% sevoflurane inhalational induction and remifentanil infusion (effect-site concentration 2.0 ng/ml).
Mean insertion time in laryngoscope-guided insertion
group tended to be longer than in blind insertion group
(35.9 s vs 28.7 s). Possible reason for longer insertion
time in the laryngoscope-guided insertion group was the
additional time need for laryngoscopy manipulation procedure. But, we do not consider this to be a clinical
problem since it is unlike that the magnitude of this differences have clinical significance.
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Table 4 Haemodynamic profiles and bispectral indices during laryngeal mask airway insertion
MBP (mmHg)

HR (beats/min)

SpO2 (%)
BIS

Baseline

1 min after induction

Pre-insertion

1 min after LMA insertion

Group 1

96.2 ± 15.0

77.4 ± 12.6

67.2 ± 11.9

71.5 ± 14.0

Group 2

94.5 ± 12.7

75.4 ± 11.2

65.7 ± 10.8

75.2 ± 12.4

Group 1

72.5 ± 12.7

66.2 ± 11.3

63.5 ± 11.2

63.5 ± 12.3

Group 2

74.6 ± 11.9

69.2 ± 12.0

65.0 ± 11.5

65.3 ± 12.4

Group 1

99.0 ± 1.3

99.9 ± 0.3

99.8 ± 0.6

99.8 ± 0.4

Group 2

99.0 ± 1.3

99.9 ± 0.4

99.9 ± 0.4

99.8 ± 0.7

Group 1

96.7 ± 2.4

42.2 ± 10.7

43.2 ± 8.2

48.0 ± 10.9

Group 2

96.9 ± 1.6

41.3 ± 11.3

44.1 ± 9.9

48.8 ± 11.4

Values are mean ± SD
LMA laryngeal mask airway, Group 1 = Blind insertion group; Group 2 = Laryngoscope-guided insertion group; MAP mean arterial pressure; HR heart rate; SpO2
peripheral oxygen saturation; BIS bispectral index

Our study had some limitations. First, assessment of
easy of insertion was not blinded; therefore, this is a
possible source of bias. Second, the present study was
performed by board-certified anaesthesiologists trained
in the use of LMA to minimize the bias due to familiarity with each technique. Therefore, we cannot comment on results obtained by naïve users. Thirdly, our
data cannot be applied to the all kinds of supraglottic
airway. The type of supraglottic airway (e.g. bulky designed i-gel™ or pre-curved LMA) might also play a
very important role if laryngoscopic guidance is better
than blind insertion. The variety of cuff ’s properties
and shapes of supraglottic airway should be considered. Fourthly, we did not use muscle relaxants before
insertion of the LMA, because the LMA can be
inserted easily without muscle relaxants if an adequate depth of anaesthesia is reached [9, 12]. Because there is some evidence suggesting that the use
of neuromuscular blocker can alter the OPLP [22],
this should be considered. Finally, the difference between the groups might be statistical different, but 3
cmH2O may not make a clinically relevant difference.
Some clinicians would argue that OPLP of 18 cmH2O
is sufficient for most patient in most clinical situations. Although the included number of patients were
determined based on previous studies [1, 10], this
trial might be underpowered to answer the question
of this trial.

Conclusion
When compared to the blind insertion, laryngoscopeguided insertion of LMA improve the airway seal pressure.
Our result suggests that it may be a useful technique for
LMA insertion.
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