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Abstract

Background
Interventional embolization of cerebral aneurysms often requires anticoagulation and antiplatelet therapy
during perioperative period. A new type of laryngeal mask airway (Jcerity Endoscoper Airway)with a
unique design may cause less oropharyngeal injury and bleeding for patients receiving perioperative
anticoagulation. This study sought to compare the e�cacy, safety and complications of Jcerity
Endoscoper airwayvs LMA((Laryngeal Mask Airway) Supreme in the procedure of cerebral aneurysm
embolization.

Methods
In this prospective, randomised clinical trial, 182 adult patients with American Society of
Anesthesiologists class Ι-II scheduled for interventional embolization of cerebral aneurysms were
randomly allocated into the Jcerity Endoscoper airway group and the LMA Supreme group. We compared
success rate of LMA implantation, ventilation quality, airway sealing pressure, peak airway pressure,
degree of blood staining, postoperative oral hemorrhage, sore throat and other complications between the
groups.

Results
There were no signi�cant differences between the groups in terms of success rate of LMA implantation,
ventilation quality, airway sealing pressure or airway peak pressure. The LMA Supreme group showed a
signi�cantly higher degree of blood staining than the Jcerity Endoscoper airway group when the laryngeal
mask airway was removed (P = 0.04), and there were also more oral hemorrhages and pharyngeal pain
than in the the Jcerity Endoscoper airway group (P = 0.03,P = 0.02). No differences were observed
between groups in terms of other complications related to the LMA.

Conclusions
The Jcerity Endoscoper airway can be safely and effectively used for airway management in patients
undergoing cerebral aneurysm embolization, which can signi�cantly reduce airway complications related
to perioperative anticoagulation.

Introduction
With the popularization of endovascular techniques, interventional embolization of unruptured cerebral
aneurysms with general anesthesia under digital subtraction angiography (DSA) has become the primary
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treatment [1–6]. In order to avoid aneurysm rupture and bleeding, the maintenance of hemodynamic
stability during the perioperative period is important factor that should be taken into account [7, 8].

During cerebral aneurysm embolization, there is less stimulation because it is generally performed
through femoral artery puncture and catheter placement. To ensure that the patient remains immobile
and fully sedated during the operation, excessive depth of anesthesia and excessive analgesia are not
required, so as to ensure that the patient can wake up immediately after the operation, it is convenient to
evaluate the patient's neurological function status [7, 9]. Patients who intend to undergo cerebral
aneurysm embolization generally need anticoagulation and antiplatelet therapy before surgery [10, 11],
and anticoagulation treatment during and after surgery. This anticoagulation treatment would become a
challenge for the airway management during the anesthesia.

Traditionally, Intubation rarely causes the oropharyngeal bleeding. However, conducting tracheal
intubation often requires a deeper depth of anesthesia. Moreover, extubation may provoke coughing and
have aneurysm rupture risk during the process of recovery from anesthesia[12].Combined with the
characteristics of cerebral aneurysm embolization, we often use LMA Supreme during general anesthesia
for cerebral aneurysm embolization, which contributes to the stability of hemodynamics and rapid
recovery of patients during the perioperative period. However, it often causes or opharyngeal injury in
patients receiving anticoagulant and antiplatelet therapy due to the design of dual lumen laryngeal mask.
The Jcerity Endoscoper Airway (Zhejiang Jcerity Medical Technology Co., Ltd, Huzhou, China) was
originally designed for painless gastroscopy and treatment (Fig. 1). Unexpectedly, the special material
and bionic structure may give the device unique advantages forcerebral aneurysm embolization.
Therefore, the main purpose of this study was to compare the e�cacy, safety and complications
associated with Jcerity Endoscoper Airway and LMA Supreme in aneurysm embolization, so as to further
optimize the anesthesia airway management mode of such operations.

Materials And Methods
We conducted a randomized, controlled trial between April 2021 and July 2021 in the First A�liated
Hospital of Zhengzhou University in China registered at Chinese Clinical Trial Registry
(ChiCTR2100044133).This trial was approved by the ethics committee of the First A�liated Hospital of
Zhengzhou University(2019-KY-276), and each patient provided informed written consent. We studied 182
adult patients with physical status of I-II according to the American Society of Anesthesiologists, who
were scheduled for elective cerebral aneurysm embolization under general anesthesia. Patients were
divided in to an Jcerity Endoscoper Airway group and an LMA Supreme group. Exclusion criteria were as
follows: neck deformity; high risk of aspirating stomach contents; known or expected di�cult airways;
obesity (body mass index [BMI] > 30kg.m− 2; estimated operation time > 3 hours; reduced lung compliance;
incisor defect; mouth opening limitations. The LMA size was selected according to the patient's weight.
All LMA insertions were performed by a senior anesthesiologist who had more than 100 successful LMA
insertion experiencesn (Fig. 2 for the study �ow diagram).
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Thirty minutes before anesthesia, all patients were given penehyclidine hydrochloride 0.01 mg·kg by
intravenous injection. All patients were routinely monitored using electrocardiogram, pulse oximetry
(SpO2), non-invasive blood pressure measurement, and determination of end-tidal carbon dioxide and
bispectral index (BIS). Before induction, patients were pre-oxygenated for no less than 3 minutes.
Inducing drugs included etomidate (0.2 To 0.3mg•kg− 1), sufentanil (0.1ug·kg− 1), cisatracurium (0.15 to
0.2mg•kg− 1) and dezocine 0.1mg•kg− 1. The selected Jcerity Endoscoper Airway or LMA Supreme was
inserted according to the manufacturer’s instruction manual. Before insertion, each LMA was lubricated
with Obucaine gel. Volume controlled ventilation (tidal volume 6–8 ml·kg− 1) was used to verify the size
and position of the LMA device. If the lungs could not be ventilated, another insertion attempt was made,
during which time the jaw was allowed to be lifted. If the patient still couldn’t be ventilated, the device
changed to another size. If there was still no ventilation, the LMA was abandoned and replaced with
endotracheal intubation. After the LMA was placed, agastric tube was inserted 40 to 55 cm to aspirate
gastric contents. If the gastric tube couldn’t be inserted, the patient was excluded from the study. Once
ventilation was successful and the gastric tube was easily inserted, the LMA was secured with tape.
Mechanical ventilation was performed at tidal volumes of 6–8 ml·kg− 1 and a certain frequency, and the
end-expiratory CO2 was maintained in the normal range. End-expiratory carbon dioxide and pressure
volume curves were recorded throughout the procedure.

During the operation, continuous infusion of sevo�urane and remifentanil was used to maintain the BIS
between 40 and 60. According to the length of the operation, cisatracurium was added to prevent head
movement that was caused by respiratory confrontation due to the recovery of spontaneous breathing
(head micromotion often produced artifacts under DSA and affected the operation). The number of LMA
attempts with or without assistance was recorded by an independent observer, and the success rate of
the �rst or second placement was recorded. We recorded the duration of implantation time (from the time
of LMA insertion to the time of �xing LMA with tape). LMA ventilation quality was scored on a 3-point
scale: (1) optimal ventilation was de�ned as normal thoracic expansion, normal pressure-volume curve
and square wave diagram without air leakage; (2) ventilation di�culty was de�ned as peak airway
pressure > 25cm H2O or severe air leakage related to mechanical ventilation failure; and (3) after all
attempts to ventilate failed, the case was changed to endotracheal intubation. If ventilation di�culty was
managed by adjusting the insertion depth, changing the head and neck position or adjusting the cuff
volume, the score was recorded as 2 points. The peak inspiratory pressure was recorded at the beginning
of controlled ventilation. Airway sealing pressure was measured by closing the expiratory valve and
observing the balanced airway pressure under the fresh air �ow of 3L·min− 1. When the peak airway
pressure did not rise or there was air leakage in the mouth, the airway pressure was the maximum
leakage pressure. If the maximum air leakage pressure was less than 15cm H2O, the LMA was replaced. If
there was gas leakage in the mouth, we opened the expiratory valve to avoid alveolar trauma. If the
maximum pressure reached 40cm H2O, we recorded 40cm H2O as the airway sealing pressure. Airway
sealing pressure was recorded at various time points (T1: immediately after LMA implantation; T2: 15min
after T1; T3: 30min after T1; and T4: at the end of the operation). After recording the airway sealing
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pressure immediately after the LMA implantation, a 4.0-mm �ber optic bronchoscope (FBS) (F1-10RBS,
Pentax, Japan) was introduced near the end of LMA by the same anesthesiologist familiar with �beroptic
bronchoscopy. If resistance was encountered, operated the tip of �beroptic bronchoscope and classi�ed
the laryngoscope view. The optimal position of LMA was de�ned using �beroptic bronchoscopy. If the tip
of the laryngeal mask was located behind the arytenoid cartilage, it could be seen that the epiglottis had
not been folded or blocked the airway, and the vocal cords could be seen. Any deviation from these
standards was considered sub-optimal positioning.

The degree of blood staining was recorded after the laryngeal mask was removed. The criteria for judging
the degree of blood staining of LMA were as follows: if a small amount of blood was detected on the
pulled LMA, it was recorded as "mild"; if the blood was limited to a quarter of the LMA surface, it was
classi�ed as "moderate"; if the blood covers at least half of the LMA surface, it is classi�ed as "severe". In
case of moderate or above blood staining, the oral mucosal damage was observed using laryngoscopy 6
hours after operation).

We recorded complications related to airway management: tooth or mucosal trauma; cough; hiccup;
laryngospasm; bronchospasm; high inspiratory pressure (> 25cm H2O); SpO2 < 95%; and re�ux. When
hiccup, laryngospasm, bronchospasm, leakage or high inspiratory pressure occurred, we increased the
depth of anesthesia or administered neuromuscular blockers. If high inspiratory pressure or audible
leakage was detected, we adjusted the position of the LMA or the patient's head.

After one hour in the recovery room, a structured interview was conducted to investigate the patient's sore
throat, which was recorded by ablinded observer. The severity of sore throat was graded according to
three grades: mild, moderate, or severe. Three hours after the operation, a blinded observer was admitted
to the ward to follow up complications related to LMA placement (postoperative oral bleeding, maxillary
hematoma, and vocal cord paralysis).

Statistical analysis
The required sample size to show non-inferiority of Jcerity Endoscoper Airway versus LMA Supreme
based on the primary outcome measure of one-time implantation rate was estimated to be 176 patients.
This estimation was calculated on the basis of an expected one-time implantation rate of 93% for Jcerity
Endoscoper Airway and 96.7% for LMA Supreme[13] with non-inferiority established if the upper limit of
the two-sided 95% CI% of the absolute risk difference was less than 12% (non-inferiority margin) and the
sample size was set to ensure at least 80% power (1–β = 0.8) at a signi�cance level of α = 5%. Statistical
analysis was performed using Statistical Package for Social Sciences (SPSS Inc., version 24.0 for
Windows, Chicago, IL, USA). Continuous variables were evaluated for normality using the Kolmogorov–
Smirnov statistic (P > 0.05 indicated normality).Normally distributed continuous variables were presented
as mean ± standard deviation (SD). An unpaired t-test was used to compare continuous variables, the
Mann-Whitney test was used to compare skewed variables and the χ2 test or Fischer exact test was used
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to compare categorical variables between Jcerity Endoscoper and LMA Supreme groups. All statistical
tests were two-sided and p values < 0.05 were considered signi�cant.

Results
No differences were observed between the two groups in terms of age, sex, BMI or duration of surgery
(Table 1).

Table 1
Patient Characteristics and Surgical Data

Patients Jcerity Endoscoper (n = 92) LMA Supreme (n = 90 ) P

Age (y) 57.78 ± 1.24 55.78 ± 1.29 0.75

Sex (F/M) 30/62 31/59 0.88

BMI 23.91 ± 0.32 24.33 ± 0.29 0.26

Duration of surgery(min) 105.50 ± 3.42 101.70 ± 3.70 0.52

Data are expressed as number of patients or mean ± SD or absolute numbers, BMI : body mass index.

All patients successfully completed the operation and returned to the ward safely. No adverse events of
ventilation occurred during the operation. Except for one patient in LMA Supreme group who needed to be
changed to endotracheal intubation, all patients successfully underwent LMA. The success rate of one-
time implantation in the Jcerity Endoscoper Airway group was 93.48%, and that of the LMA Supreme
group was 96.67%. There was no signi�cant difference between the two groups. There were �ve patients
in the Jcerity Endoscoper Airway group and two in the LMA Supreme group who required a second
attempt to implant by evacuating the gas in the cuff or lifting the mandible. One patient in the Jcerity
Endoscoper group was successfully ventilated by changing the LMA to one size smaller, and there was
no signi�cant difference between the two groups. No differences were observed between the two groups
in terms of LMA insertion times, number of insertion attempts, quality of ventilation, peak airway
pressure, or FBS view of VC (vocal cords) (Table 2).
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Table 2
Airway Management Details

Management Details Jcerity Endoscoper (n = 92
)

LMA Supreme (n = 
90)

P

LMA insertion      

Time (s): 20.64 ± 0.40 20.62 ± 0.35 0.25

No. attempts(1/2/3): 86/5/1 87/2/1 0.53

one-time implantation rate: 93.48% 96.67% 0.50

Quality of ventilation (1/2/3) 89/3/0 88/2/1 0.55

Peak airway pressure(cm H2O) 16.87 ± 0.27 17.02 ± 0.25 0.68

FBS view of VC
(optimal/suboptimal)

87/5 86/4 0.76

Data are expressed as number of patients or mean ± SD. FBS: �berscope; LMA: laryngeal mask
airway; VC: vocal cords. *P ≤ 0.05 (Jcerity Endoscoper Airway vs.LMA Supreme).

Compared with LMA Supreme groups, the sealing pressures of the airway at T1–T4 in the Jcerity
Endoscoper Airway group were 27.82 ± 4.15, 27.34 ± 3.89, 26.25 ± 3.02, 25.12 ± 3.01, respectively. There
was no signi�cant difference between the two groups (P > 0.05) (Fig. 3).

In patients receiving perioperative anticoagulation, operations on the airway can easily cause various
injuries. In the LMA Supreme group, there were �ve patients with oral bleeding after returning to the ward,
and one patient was estimated to bleed more than 200ml. Based on visual laryngoscopy, the causes of
bleeding were as follows: two were oral mucosal injuries, two were maxillary hematomas, and one was a
lingual frenulum injury. In contrast, there was no signi�cant oral bleeding in the Jcerity Endoscoper
Airway group. Only one patient felt a sore throat, and visual laryngoscopy after surgery revealed a tongue
frenulum injury. Compared with the LMA Supreme group, the degrees of mask body blood staining and
sore throat were signi�cantly lower in the Jcerity Endoscoper Airwaygroup (P = 0.04 and P = 0.03).
Complications such as laryngeal nerve injury, vocal cord paralysis, and arytenoid cartilage dislocation
were not observed in either group(Table 3).
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Table 3
Postoperative complications related to laryngeal mask placement

Associated complications Jcerity Endoscoper
(n = 93)

LMA Supreme (n 
= 90)

P

Blood staining degree of the
mask(mild/moderate/sever)

3/1/0 12/3/1 0.04*

sore throat (mild/moderate/sever) 6/1/0 17/3/1 0.03*

Postoperative oral bleeding 0 5 0.02*

Tongue frenulum injury 1 2 0.55

Laryngeal nerve injury or vocal cord paralysis 0 0  

Arytenoid cartilage dislocation 0 0  

Maxillary hematoma 0 2 0.15

Di�culty swallowing 3 7 0.18

Lingual nerve palsy 0 0  

Data are represented as number of patients or mean ± SD.

*P ≤ 0.05 (Jcerity Endoscoper Airway vs.LMA Supreme).

Discussion
The global prevalence of adult cerebral aneurysms is estimated to be between 0.65% and 3.2%. With the
continuous improvement of screening and imaging technology, the detection rate of cerebral aneurysms
has continued to increase[14]. For the treatment of cerebral aneurysms, craniotomy clipping presents
greater surgical trauma and risk, while endovascular interventional therapy achieves occlusion of
intracranial aneurysms by implanting stents into the aneurysm and releasing a coil. Due to its minimally
invasive nature, safety, and effectiveness, it has been widely used in clinical practice in recent years [4,
15–19]. Cerebral aneurysm embolization is an intravascular operation associated with mild stimulation.
The operation time is usually 1–2 hours. During the operation, the patient's head should be kept totally
still. During general anesthesia, it is necessary to perform mechanical ventilationin order not to interfere
with the contrast imaging.

The primary goal of anesthesia management for cerebral aneurysm embolization are to maintain the
stability of perioperative circulation, to keep the patient's head immobilization during the operation and to
promptly deal with intraoperative complications [17]. At present, the most common anesthesia methods
are sedation and general anesthesia. Simple sedation allows convenient and frequent neurological
evaluations, avoiding tracheal intubation and related hemodynamic changes. The disadvantage is that it
does not protect the airway, and there is a risk of re�ux aspiration and potential hypoxemia and
hypercapnia. Sudden movements and delayed management of neurological emergencies may also occur
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[20, 21]. The main advantages of general anesthesia are that patients remain still, improving imaging
quality, and increasing safety and e�ciency. If complications occur, it is convenient to deal with them.
However, hemodynamic �uctuations caused by anesthesia induction and tracheal intubation and the
inability to continuously assess the patient's neurological status are its main disadvantages [14]. The
traditional method of general anesthesia for cerebral aneurysm embolization is to use tracheal intubation
and general anesthesia. General anesthesia with tracheal intubation requires deeper anesthesia and
proper muscle relaxation during the induction as well as maintenance of anesthesia. During tracheal
intubation and extubation, there are often substantial hemodynamic �uctuations that are extremely
harmful to patients with aneurysms; these often cause serious adverse reactions such as cerebral
aneurysm rupture and hemorrhage [22, 23].

As a supraglottic ventilation tool, LMA avoids direct irritation to glottis and trachea. It has been widely
used since its introduction in the US in 1988[12, 24, 25]. The double lumen LMA is used in various
operations because it greatly reduces re�ux and aspiration [26]. A study showed that general anesthesia
using laryngeal mask airway not only reduced hemodynamic �uctuation during surgery, but it also
allowed the patients to be awakened quickly [27]. Nevertheless, although LMA placement avoids direct
irritation and injury to the glottis and trachea, it can damage soft tissues of the mouth, pharynx and
larynx. Pharyngeal pain and bleeding are common postoperative complications [28]. During cerebral
aneurysm embolization with LMA Supreme general anesthesia, we found that patients who received
anticoagulant and antiplatelet aggregation therapy experienced signi�cantly increased pharyngeal pain
and bleeding after surgery. Therefore, based on the characteristics of this kind of surgery for perioperative
anticoagulant patients, we need a ventilation device that not only ensures effective ventilation but also
reduces oropharyngeal injuries. As a special type of laryngeal mask, the endoscopic laryngeal mask
airway has been shown to be safe and effective in upper gastrointestinal endoscopic surgery [29].There
are also reports on its application in minimally invasive cardiovascular surgery such as atrial �brillation
radiofrequency ablation[30].

Based on its special material and structural characteristics of the Jcerity Endoscoper Airway, we used it to
manage the airway in cerebral aneurysm embolization. On one hand, the large-volume in�atable cuff is
made of silica gel material, which has high elasticity and �exibility, on the other hand, it �ts the
anatomical curve of each patient's oropharynx, and forms an effective sealing area in the throat, in
particular, it could avoid injury to the throat caused by excessive in�ation compression. Studies have
shown that the incidence of postoperative sore throat is not only related to implantation trauma, but also
to long-term compression of the laryngeal mask [31].

As a new type of LMA specially developed for upper gastrointestinal endoscopy, the Jcerity Endoscoper
Airway's innovation is to add a dedicated endoscopic channel (20*22 mm inner diameter) that runs in
parallel with an independent airway channel with a terminal cuff. Its endoscopic examination channel is
not completely closed, which greatly reduces the friction area between the laryngeal mask and the
posterior pharynx wall during the insertion process. The most important thing is that the main tube
adopts a �xed angle and streamlined design, and the head end of the cuff is a semi-open buffer sheet
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structure, which minimizes the resistance damage to the oropharynx and the mucosa around the glottis
during the placement process. The LMA Supreme ventilation cavity is reinforced with steel wire. To
prevent LMA Supreme folding during the insertion process, a hard guidewire is built in for shaping, and
the tip of the suction cavity is relatively hard. Therefore, during insertion, especially when pulling out the
guidewire, the head end of the LMA Supreme in�icts substantial resistance damage to the throat. In our
study, we found that both the LMA Supreme and the Jcerity Endoscoper Airway provided safe and
effective airway protection for patients undergoing general anesthesia for cerebral aneurysm
embolization. There were no signi�cant differences in terms of success rate of implantation, implantation
time, di�culty of implantation, �beroptic bronchoscopy �eld of vision, ventilation quality, intraoperative
airway pressure, orsealing pressure. Due to the speci�city of cerebral aneurysm embolization, compared
with the LMA Supreme group, the blood staining degree of the mask, postoperative sore throat,
postoperative oral hemorrhage in the Jcerity Endoscoper Airway group were signi�cantly lower, which
may be related to its particular material composition and structure.

In conclusion, compared with LMA Supreme, Jcerity Endoscoper Airway signi�cantly reduced
postoperative pharyngeal pain and oral bleeding in patients undergoing interventional embolization under
general anesthesia for treatment of cerebral aneurysms.
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Figures

Figure 1

The design features of Jcerity Endoscoper Airway.
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Figure 2

Patient enrolment and �ow.
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Figure 3

Seal pressure of Jcerity Endoscoper Airway and LMA Supreme groups at various points. Data are
represented as number of patients or mean ± SD. There was no difference between the two groups.
*P≤0.05 (Jcerity Endoscoper Airway vs. LMA Supreme).


