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Abstract

Objective: To assess safety and efficacy of a novel intubation laryngeal mask airway (ILMA)

during the recovery period following supratentorial tumour surgery.

Methods: Patients who underwent supratentorial tumour surgery at our centre from January

2012 to December 2016 were eligible for this prospective randomised, parallel group study. We

developed a novel ILMA using closely fitting laryngeal masks (No. 4/5) with 7.0/7.5mm endotra-

cheal tubes (ETT) plus screw fixators and anti-pollution sleeves.

Results: In total, 100 patients were intubated with the novel ILMA and 100 the ETT. There were

no differences between groups in haemodynamic variables, oxygen saturation, exhaled CO2, or

bispectral index all recorded during the 72-hour recovery period. However, there were signif-

icantly fewer incidences of coughing, less fluid drainage and lower haemoglobin levels in surgical

fluid in the ILMA group compared with the ETT group.

Conclusion: Our novel ILMA device was associated with reduced coughing, fluid drainage and

blood in surgical drain during the recovery period following supratentorial tumour surgery.
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Introduction

The standard laryngeal mask airway
(sLMA) was clinically approved in the
UK in 1988 and opened a new chapter in
anaesthesia, mainly for management of dif-
ficult airways.1–4 Unlike endotracheal tubes
(ETTs) which can stimulate the trachea and
cause haemoptysis, unstable circulatory
dynamics, and reduced comfort levels,
sLMAs are associated with easy non-
traumatic intubation and minimal somatic
and autonomic responses.5–7 However,
sLMAs have some disadvantages, including
limited protection against aspiration of gas-
tric contents and lower seal pressures.8,9

A modified version of the sLMA, the
intubating laryngeal mask airway (ILMA),
that combines a mask with a modified tra-
cheal tube, has been designed for guided
tracheal intubations.10 Compared with the
sLMA, the ILMA is shorter and wider and
allows for large ETTs up to 8mm in diam-
eter. The ILMA has been shown to be a
useful device in the management of patients
with difficult airways.11 For this study, we
developed an ILMA using second-
generation closely fitting laryngeal masks
(No. 4/No. 5), ETTs (sizes 7.0/7.5/
8.0mm), screw fixators and anti-pollution
sleeves. Following compliance tests to
determine the best combination of closely
fitting mask and ETT, we compared the
ILMA with standard ETTs in the
anaesthesia of patients undergoing supra-
tentorial tumour surgery at our hospital
and assessed efficacy and safety in the
recovery period.

Methods

Patients who underwent supratentorial
tumour surgery at Nanfang Hospital,
Southern Medical University from
January 2012 to December 2016, were eligi-
ble for this prospective, randomized, paral-
lel group study. To be included in the study
patients were �18 years of age and their
physical status was American Society of
Anaesthesiologists (ASAI)-II grade.
Patients excluded from the study had the
following: difficult airways (i.e., history of
snoring, mouth opening <3 cm, Mallampati
class III or IV, limited mandibular advance-
ment and/or thyromental distance <6 cm);
lung disease (including chronic obstructive
airway disease); liver and/or kidney dys-
function; severe heart disease (including
pre-operative ejection fraction <45%, sick
sinus syndrome, second or third-degree
atrioventricular block with no pacemaker);
language/hearing or communication diffi-
culties; abnormal blood coagulation; hyper-
tension; diabetes; history of brain surgery.

The ILMAs used in this study consisted
of second-generation closely fitting laryn-
geal masks (No. 4/No. 5), ETTs (sizes 7.0/
7.5/8.0mm), screw fixators and anti-
pollution sleeves. Five combinations of
mask and ETT were investigated: (i) No. 4
mask plus ETT 7.0mm; (ii) No. 4 mask plus
ETT 7.5mm; (iii) No. 5 mask plus ETT
7.0mm; (iv) No. 5 mask plus ETT 7.5mm;
(v) No. 5 mask plus ETT 8.0mm. The end
of each mask was fitted with a screw fixa-
tion system and an anti-pollution sleeve was
placed over the end of the ETT. For each of
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the five groups of ILMAs, the following
were determined: holding force; locking/
unlocking time of the screw fixation; con-
version time between mask and ETT mode;
airway leakage; airway resistance; folding
sequence of anti-pollution sleeve. The
results of these compliance studies indicated
that No. 4 laryngeal mask matched with
ETT 7.0mm and No. 5 mask matched
with ETT 7.5mm were the optimal combi-
nations. The final folded length of the
ILMAs ranged from 2–3 cm (Figure 1).

Following routine induction of anaesthe-
sia using midazolam, propofol, sufentanil,
and cistrotracurium, patients were random-
ly allocated to a ILMA or an ETT device
for intubation. The randomization process
was performed using an automatic assign-
ment system that concealed allocation.
Anaesthesia was maintained with sevoflur-
ane 2.5–3.5% and the tidal volume was set
at 600 ml and respiratory rate at 12 breaths/
min. Patients were transferred to surgical
ICU following the operation. Blood pres-
sure (BP), heart rate (HR), incidence of
coughing; drainage of the surgical wound,
haemoglobin levels in surgical drain; the
amount of carbon dioxide in exhaled air
(ETCO2), oxygen saturation (SpO2.) and
bispectral index (BIS) were monitored
5 mins before the extubation and thereafter

for 72 hours. The BIS monitor ranges from

0 (non-responsive) to 100 (fully awake).
Patients provided written informed con-

sent and the study was approved by the

Ethics Committee of Nanfang Hospital,

Southern Medical University.

Statistical analyses

Data were analysed using the Statistical

Package for Social Sciences (SPSSVR ) for

WindowsVR release 2019 (IBM Corp.,

Armonk, NY, USA). All tests were two-

sided and a P-value <0.05 was considered

to indicate statistical significance. Data were

expressed as the mean � standard deviation

(SD). The Kolmogorov-Smirnov/Shapiro-

Wilk test was used to determine if variables

were normally distributed. Student t-test was

used to compare normally distributed con-

tinuous variables and Mann–Whitney U test

was used for non-normally distributed

variables.

Results

In total, 200 patients (108 men/ 92 women)

who underwent supratentorial tumour sur-

gery at our hospital between 2012 and 2016

were eligible for the study. Sizes of the

supracerebral brain tumours ranged from

Figure 1. Design of the intubating laryngeal mask (ILMA).
Diagram showing that the ILMA can easily transition between tracheal tube mode and the laryngeal mask
mode.
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2.1� 1.1 cm to 8.1� 11.2 cm. One hundred
patients were allocated an ILMA and 100
patients an ETT. The ILMA group con-
sisted of 58 men/42 women and the ETT
group 50 men/50 women. There were no
differences between groups in average age
or weight. The ILMA group was 59� 19
years of age and weighed 60� 18 kg, where-
as the ETT group was 64� 21 years of age
and weighed 56� 21 kg.

The incidence of coughing during the
extubation period was statistically signifi-
cantly (P< 0.01) lower in the ILMA
group (6.8� 1.7%) compared with the
ETT group (52.3� 12.3%).

The values for cumulative drainage of
surgical wounds in the ILMA group at 1,
2, 3, 12, 24, 48 and 72 hours after extuba-
tion were statistically significantly
(P< 0.01) lower compared with those in
the ETT group (data not shown).

Following extubation, haemoglobin
levels in the surgical drain at 1, 2, 3, 12,
24, 48 and 72 hours were statistically signif-
icantly (P< 0.01) lower compared with
those in the ETT group (data not shown).

However, there were no difference
between groups in BP, HR, SpO2, ETCO2,
or BIS recorded 5 mins before extubation
and at 5, 10, 30 mins, 1, 6, 12, 24, 48 and
72 h following extubation (Table 1).

Discussion

Although tracheal intubation is advanta-
geous in ensuring that the airway is safe
during anaesthesia, the procedure is associ-
ated with several complications such as
tooth and oropharyngeal injuries, laryngeal
spasm, laryngeal oedema, dislocation of
arytenoid cartilage, and arrhythmias and
increased blood pressure.12–14 To overcome
these problems, the LMA, was developed
and has been in clinical use since
1988.1The LMA is a non-invasive, easy-to-
operate ventilation tool that can be rapidly
placed in the throat without touching the T
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glottis and trachea; it causes little stimula-
tion to the respiratory tract and has no
effect on HR and BP.15 However, the
mouth of the classic LMA has a double-
sided barrier that blocks the passage of
the ETT and the ventilation tube is slender
so even the largest LMA can only guide the
insertion of a 6.0mm ETT. In addition, it
may be difficult to withdraw the laryngeal
mask after a successful tracheal intuba-
tion.11 Also, laryngeal masks have limited
protection against aspiration of gastric con-
tents and lower seal pressures.8,9,16 The intu-
bating laryngeal mask was developed to
correct the aforementioned shortcomings.10,17

Currently, three types of intubating
laryngeal masks are used in clinical
practice (FastrachTM, CTrachTM, and
CookgasTM).17–19 The Fastrach LMA con-
sists of a rigid airway tube, an integrated
guiding handle, an elevator bar, an airway
tube, and a cuff.17 The tube has a 30� angle
with the mask, which is consistent with the
natural bending of the oropharynx and is
convenient for both placement and guiding.
The CTrach system has a built-in optical
fibre bundle and its proximal end is con-
nected to a display via a magnetic connec-
tor; the distal end is under the epiglottic
elevating bar.18 The optical display allows
clinicians to look directly at the throat while
completing tracheal intubation. The
Cookgas LMA has a short transparent ven-
tilation tube with a large lumen, and a large
bending angle; a 15mm connector can be
removed prior to intubation which is an
effective method for increasing the inner
diameter of the ventilation tube and allow-
ing the cuffed ETTs to pass in a smooth
manner.19

In this present study, we developed an
ILMA and found optimal designs were a
No. 4 mask/ ETT 7.0 and No. 5 mask/
ETT 7.5mm plus screw fixators and anti-
pollution sleeves. We used the novel ILMA
in the general anaesthesia of patients under-
going supratentorial tumour surgery.

Patients with brain tumours may show fluc-

tuating cardiovascular haemodynamic dys-

function which can bring about unwanted

complications.20 Therefore, the smooth

induction of anaesthesia and its mainte-

nance could lessen any untoward hemody-

namic fluctuations for these patients and

reduce the occurrence of stress reactions.

Indeed, haemodynamic changes such as

tachycardia, hypertension, and arrhythmias

during laryngoscopy and intubation can

cause serious complications in patients

with coexisting cardio- or cerebrovascular

diseases.5Importantly the coughing reflex

which can occur with extubation of tradi-

tional ETTs can cause activation of the

sympathetic-adrenal system leading to fur-

ther increases in the incidence of cardiovas-

cular events in these patients.21,22 We found

our device was safe and could be smoothly

transitioned into both mask and ETT

modes. We observed significantly fewer

incidences of coughing, less fluid drainage

and lower haemoglobin levels in the surgi-

cal drain in the group intubated with the

ILMAs compared with those intubated

with ETTs. Furthermore, there were no dif-

ferences between groups in BP, HR, SpO2,

ETCO2, or BIS during the recovery period.
This study had some limitations. For

example, only 200 patients were involved

and the study was single-blind. In addition,

it was not always possible to identify the

tumour borders precisely on imaging and

so the defect may have been estimated to

be larger than it was.
In conclusion, our novel ILMA was an

effective airway device with a similar safety

profile to traditional ETT in the recovery

period but was associated with less cough-

ing, less fluid drainage and less blood in the

surgical drain.
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