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p < 0.001). Subjective difficulty of insertion was signifi-
cantly lower in the R group than in the C group (R group, 
12.3 ± 23.1 mm; C group, 39.4 ± 31.9 mm; p < 0.001).
Conclusions Muscle relaxation appears to facilitate Pro-
Seal insertion efficacy by enabling higher successful inser-
tion rates, higher sealing pressure, lower leakage volume, 
and lower subjective difficulty of insertion in anesthetized 
patients.
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Introduction

The LMA-ProSeal® (ProSeal; Laryngeal Mask Company, 
Henley-on-Thames, UK) is a reusable supraglottic airway 
device with good airway sealing pressure that can be used 
for mechanical ventilation under general anesthesia [1, 2]. 
ProSeal is equipped with a double-cuff mechanism and can 
maintain a high seal pressure. However, due to its large 
cuff size, the insertion success rate on the first attempt is 
reported to be relatively low [3, 4]. To overcome the diffi-
culty of ProSeal insertion, several technical insertion meth-
ods utilizing a budgie or stylet have been reported [5, 6]. 
However, no studies have evaluated patient muscle relaxa-
tion status with regard to ProSeal insertion efficacy.

Muscle relaxation has been found to affect upper airway 
anatomy and ventilation efficacy [7, 8]. Given that muscle 
relaxants facilitate the expansion of pharyngeal anatomy, 
we hypothesized that ProSeal insertion efficacy would be 
improved by muscle relaxant administration. We conducted 
a randomized study to test this hypothesis by comparing 
ProSeal insertion efficacy, airway-sealing pressure, leakage 
volume by mechanical ventilation, and subjective difficulty 

Abstract 
Background Anesthesiologists often encounter LMA-
ProSeal® (ProSeal) insertion difficulty due to its large cuff 
size. We performed a randomized clinical trial to examine 
how insertion efficacy and sealing pressure of ProSeal are 
affected by muscle relaxant administration in anesthetized 
patients.
Methods Our adult patients were either administered 
rocuronium (0.9 mg kg−1) as a muscle relaxant (R group; 
40 patients) or not (C group; 40 patients). Anesthesia was 
induced with propofol and fentanyl. We compared the two 
groups with regard to the number of attempts required for 
successful insertion, sealing pressure, and subjective diffi-
culty for insertion.
Results Total insertion attempts required for success-
ful ventilation in the two groups were one (R group, 38 
patients; C group, 28 patients), two (R group, one patient; 
C group, seven patients), and three (R group, one patient; 
C group, five patients), revealing a significant difference 
between groups (p < 0.001). Sealing pressure was sig-
nificantly higher in the R group than in the C group (R 
group, 27.4 ± 5.4 cmH2O; C group, 21.2 ± 5.2 cmH2O; 
p < 0.001). Leakage volume by mechanical ventilation 
was significantly smaller in the R group than in the C 
group (R group, 17.4 ± 29.1 ml; C group, 46.8 ± 45.5 ml; 
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of insertion with or without muscle relaxation in anesthe-
tized patients.

Methods

The research ethics committee of Hokusetsu General Hos-
pital approved this study. Figure 1 shows the CONSORT 
flowchart of our study. From August to October 2014, eli-
gibility was assessed for 88 patients, of which four refused 
and four were excluded in accordance with the eligibil-
ity criteria. After obtaining written informed consent, 80 
patients aged 20–85 years who were to undergo general 
anesthesia in a supine position were randomly assigned 
(envelope method) to one of two groups: rocuronium group 
(R group; 40 patients) or the control group (C group; 40 
patients). Exclusion criteria included any contraindication 
for the use of supraglottic devices (e.g., morbid obesity 
defined by a body mass index >35, gastroesophageal reflux, 
and previous upper abdominal surgery) or a recent (within 
7 days) history of upper respiratory tract infection [9].

Routine monitoring of parameters including non-inva-
sive blood pressure, heart rate, electrocardiography, per-
cutaneous oxygen saturation, bispectral index (BIS), and 
end-tidal carbon dioxide tension was performed. Without 
any premedication, anesthesia was induced with propofol 
1–2 mg kg−1 and fentanyl 1.0 μg kg−1. After loss of con-
sciousness, mask ventilation was performed with 3–5 % 
sevoflurane. The R group was administered 0.9 mg kg−1 of 
rocuronium, while the C group was not [10]. To minimize 
the risk of laryngospasm, an anesthesiologist inserted the 
ProSeal after confirming that the BIS score was under 60. 
To ensure sufficient muscle relaxation, we inserted the Pro-
Seal more than 3 min after rocuronium administration in 
the R group. Patient body weight was used as a reference 
to determine sizing (3, 4, or 5) according to the manufac-
turer’s guidelines. Anesthesiologists with more than 9 years 
of experience (N.K., I.N., S.T., S.M., and W.N.) performed 

the insertions. All anesthesiologists had more than 200 
clinical experiences for ProSeal insertion. The number of 
cases they performed in this study was 14–18 for each doc-
tor. Following insertion of the ProSeal, the cuff was inflated 
by adjusting the pressure to 30 cmH2O by a pressure trans-
ducer. Successful insertion was confirmed by bilateral 
chest wall movement, auscultation, and normal capnograph 
curves. Insertion with a sealing pressure >15 cmH2O was 
considered successful. After successful insertion, the seal-
ing pressure was measured. In cases of failed ventilation, a 
re-insertion trial was performed immediately, and the num-
ber of insertion attempts was recorded. However, cases for 
which the third attempt failed were recorded as failures; 
in these cases, airway management was performed using 
i-gel® or tracheal intubation. At the end of the insertion 
process, anesthesiologists rated the ProSeal insertion dif-
ficulty on a visual analog scale (VAS) ranging from 0 mm 
(extremely easy) to 100 mm (extremely difficult).

After successful ventilation, mechanical ventilation was 
performed immediately, and anesthesia was maintained with 
inhalation of sevoflurane and administration of remifentanil 
with 33–40 % oxygen. Patients were ventilated with a tidal 
volume of 8 ml kg−1 at eight breaths per minute after the 
initiation of mechanical ventilation. Leakage volume was 
measured and calculated as follows: (inspiratory volume)—
(expiratory volume at the point of five min after initiation of 
mechanical ventilation). After the operation, muscle relax-
ation was reversed with 200 mg of sugammadex in the R 
group. After ProSeal removal and patient arousal, postop-
erative hoarseness and pharyngeal pain were assessed.

Statistical analysis was performed utilizing JMP® 11 
(SAS Institute Inc., Cary, NC, USA). Statistical analysis 
was performed with the χ2 test and unpaired Mann–Whit-
ney U test for data pertaining to patient characteristics. 
The χ2 test was applied to evaluate the number of inser-
tion attempts in relation to hoarseness and pharyngeal pain 
incidents. The Mann–Whitney U test was used to com-
pare sealing pressure, leakage volume, and VAS. Data are 

Fig. 1  CONSORT flowchart 
for patient recruitment
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presented as mean ± SD. p < 0.05 was considered statisti-
cally significant.

As for the sample size calculation, the incidence of suc-
cessful ProSeal insertion without muscle relaxants (sealing 
pressure >15 cmH2O upon first insertion) in the prelimi-
nary trial was approximately 60 %. As such, we hypoth-
esized that muscle relaxation would increase the successful 
insertion rate to 90 %. To detect this difference with 80 % 
power at a 5 % significance level, 37 patients were required 
for each group. Therefore, we planned to recruit 40 patients 
for each group to adjust for missing data.

Results

Patient characteristics are shown in Table 1. Between the 
R and C groups, no significant differences were identified 
with regard to age, sex, body weight, height, body mass 

index, duration of surgery, duration of anesthesia, Mallam-
pati score, or ProSeal size used.

Number of attempts required for successful insertion 
and sealing pressure

The number of insertion attempts was one for 38 patients, 
two for one patient, and three for one patient in the R 
group and one for 28 patients, two for seven patients, and 
three for five patients in the C group (p < 0.001) (Table 2). 
All insertions were successful by the third attempt. The 
number of successful ventilations in the first trial was sig-
nificantly higher in R group than in C group (p = 0.008). 
After successful insertion, the sealing pressure was signifi-
cantly higher in the R group than in the C group (R group, 
27.4 ± 5.4 cmH2O; C group, 21.2 ± 5.2 cmH2O; p < 0.001) 
(Fig. 2). The leakage volume was calculated as (inspira-
tory volume)—(expiratory volume), and was significantly 
less in the R group compared to the C group (R group, 
17.4 ± 29.1 ml; C group, 46.8 ± 45.5 ml; p < 0.001) (Fig. 3).

Incidence of hoarseness and pharyngeal pain after general 
anesthesia

The incidence of hoarseness and pharyngeal pain after gen-
eral anesthesia are shown in Table 2. Hoarseness was noted 
in only one patient in the C group, but not in the R group 
(p = 0.31). In the C group, five patients reported pharyn-
geal pain, while only one did in the R group (p = 0.08).

Subjective difficulty of ProSeal insertion

As shown in Fig. 4, subjective difficulty of ProSeal inser-
tion according to the VAS was significantly lower in the C 
group than in the R group (R group, 12.3 ± 23.1 mm; C 
group, 39.4 ± 31.9 mm; p < 0.001).

Discussion

LMAs are recommended by professionals for airway res-
cue in cases of failed intubation, and various models have 

Table 1  Patient characteristics of each group presented as 
mean ± SD or number of patients

No significant differences were observed between the two groups. C 
group: ProSeal®  inserted without a muscle relaxant; R group Pro-
Seal® inserted after rocuronium administration

Mean ± SD or number of patients. Data were analyzed using the 
Mann–Whitney U test or χ2 test

 BMI body mass index, ASA American Society of Anesthesiologists

C group (n = 40) R group (n = 40) p value

Age 58.1 ± 13.6 56.4 ± 17.7 0.63

Gender (male/female) 23/17 21/19 0.82

Body weight (kg) 60.7 ± 15.1 62.5 ± 12.2 0.51

Height (cm) 162.4 ± 9.8 163.1 ± 10.2 0.96

BMI (kg/m2) 22.8 ± 4.0 23.4 ± 3.3 0.35

Duration of surgery 
(min)

79.0 ± 48.5 75.3 ± 51.2 0.55

Duration of anesthesia 
(min)

129.9 ± 50.1 123.8 ± 58.3 0.30

ASA classification 
(1/2/3/4)

15/21/4/0 14/19/7/0 0.82

Mallampati score 
(1/2/3/4)

25/11/2/2 21/14/5/0 0.90

ProSeal size (3/4/5) 14/21/5 14/19/7 0.94

Table 2  Comparison of several factors related to airway management between the group administered rocuronium and the control group

Data were analyzed using the Mann–Whitney U test or χ2 test

C group: ProSeal® inserted without a muscle relaxant; R group: ProSeal® inserted after rocuronium administration

*  P < 0.05 was considered statistically significant

C group (n = 40) R group (n = 40) p value

Number of attempts for successful ventilation (1/2/3/fail) 28/7/5/0 38/1/1/0 <0.001*

Number of patients with pharyngeal pain hoarseness 5 1 0.08

Number of patients with hoarseness 1 0 0.31
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been developed. The ProSeal is a modification of the LMA-
Classic®, which has been available since 2000 [11]. The 
ProSeal has various enhanced features, and differs from 
original laryngeal mask models such as the LMA-Clas-
sic® and LMA-SoftSeal® [12]. Specifically, the ProSeal is 
equipped with a double cuff mechanism and can maintain a 
high seal pressure, which allows for safe positive-pressure 
ventilation. When correctly placed, it achieves a higher seal 

with the airway than the LMA-Classic® and functionally 
separates the gastrointestinal and respiratory tracts [13]. 
However, due to the large cuff volume, insertion of the Pro-
Seal can be difficult even in routine anesthesia.

Several available insertion techniques allow easy and 
definite insertion of the ProSeal. A silicone-coated, mal-
leable metal introducer is provided by the ProSeal manu-
facturer. The distal end is located in the retaining strap 
and the proximal end in the notch between the airway tube 
and esophageal drain tube. Some have reported bending 
the ProSeal to 90° with the intubating stylet inserted into 
the esophageal drain tube [6]. With these techniques, the 
ProSeal resembles the intubation laryngeal mask airway, 
enabling definite and easy insertion [14]. Another inser-
tion technique involves placing a gum elastic budgie into 
the esophagus using a laryngoscope and railroading the 
ProSeal drain tube. This technique prevents folding of the 
mask tip and increases correct placement of the ProSeal 
[15, 16].

Several studies have examined the significance of mus-
cle relaxants during mechanical ventilation with the Pro-
Seal [17, 18]. Chen et al. showed that there was no differ-
ence of sealing pressure of mechanical ventilation during 
laparoscopic surgery between with or without muscle 
relaxation. Though they describe that all insertions were 
successful at the first attempt, they do not show the criteria 
or definition of successful insertion of ProSeal.

The present study is the first to evaluate muscle relaxa-
tion with regard to insertion efficacy and sealing pressure 
of the ProSeal. In our study, muscle relaxants were found 
to significantly improve the ProSeal insertion success rate 

Fig. 2  Box-and-whisker plot (median, IQR, and range) of sealing 
pressures after successful insertion in C and R groups. C group: Pro-
Seal® inserted without muscle relaxant; R group: ProSeal® inserted 
after rocuronium administration. *p < 0.05 was considered statisti-
cally significant

Fig. 3  Box-and-whisker plot (median, IQR, and range) of leakage 
volume (inspiratory volume minus expiratory volume) between the C 
and R groups. C group: ProSeal® inserted without muscle relaxant; R 
group: ProSeal® inserted after rocuronium administration. *p < 0.05 
was considered statistically significant

Fig. 4  Box-and-whisker plot (median, IQR, and range) of subjective 
difficulty of insertion (visual analog scale) in the C and R groups. C 
group: ProSeal® inserted without a muscle relaxant; R group: Pro-
Seal® inserted after rocuronium administration. *p < 0.05 was consid-
ered statistically significant
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with lower subjective difficulty. Furthermore, our results 
showed higher sealing pressure and lower leakage volume 
in the R group compared to the C group. One possible 
reason for muscle relaxants contributing to high insertion 
efficacy may be the increased pharyngeal space created by 
muscle relaxation [19]. The relative position with pharyn-
geal space and ProSeal may be attributed to the fitting and 
sealing pressure difference with or without muscle relax-
ant. Sufficient pharyngeal and laryngeal muscle relaxation 
may ease insertion and facilitate ProSeal adhesion to the 
pharyngeal structure, leading to higher insertion efficacy 
and sealing pressure.

There are two main limitations worth noting. First, 
though we inserted ProSeal under BIS 60 to minimize the 
occurrence of laryngospasm, there are no definite meth-
ods to exclude the possibility of laryngospasm. Second, a 
double-blinded placebo-control trial utilizing saline in the 
control group is more favorable for study design.

For future directions based on present study are as fol-
lows. First, as sealing pressure is partially affected by cuff 
pressure, evaluating different cuff pressures may be impor-
tant in future studies [20]. Second, evaluation by more 
inexperienced trainees may further clarify the utility of the 
ProSeal. Third, size selection of the ProSeal by the new 
criteria may provide more reliable data [21, 22]. Fourth, a 
multi-center study or a meta-analysis would clarify the util-
ity of muscle relaxants for ProSeal insertion.

In conclusion, muscle relaxation facilitated ProSeal 
insertion efficacy by increasing the successful insertion rate 
and sealing pressure, while lowering the subjective diffi-
culty of insertion in anesthetized patients.
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