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Highlights

» SEEK™* (Safe Easy Endotracheal Kit-flexible) is a modified introducer, which provides a simple and rapid way for
intubating patients with laryngeal tumors.

« With its non-invasive and gentle approach, SEEK™ minimizes patient discomfort, enhancing the overall patient
experience.

« Flexible fiberoptic bronchoscope remains the most frequently used tool for managing difficult airways.

Abstract

Airway management in patients with laryngeal tumor presents significant challenges and risks. SEEK™ (Safe Easy

Endotracheal Kit-flexible) is a modified introducer developed by our team for the intubation in severe COVID-19 pa-
tients. Here, we present 4 cases where SEEK™ facilitated tracheal intubation in patients with laryngeal tumors un-
derwent surgeries and achieved a definitive airway. A systematic review of MEDLINE, EMBASE, CINAHL, and Web
of Science databases was also performed using the keywords such as “laryngeal tumor”, “airway management”
and “anesthesia” to identify the reports on airway management techniques for patients with laryngeal tumors. 14
papers involving 17 patients were retrieved. All the cases reported positive patient outcomes, though there were
instances of intubation failure after general anesthesia. Despite increased availability of basic airway manage-
ment techniques and various types of intubation tools, challenges persist, especially in patients with pre-existing
severe airway obstruction. SEEK™* provides a simple and rapid solution for intubating patients with laryngeal tu-
mors, which ensures a clear airway for patient safety.
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Introduction mors who undergo surgery (such as a tracheot-

omy, laser resection, tumor excision or biopsy)
Laryngeal tumors include cancers, papillomas, may experience difficulty airway [1]. In addition,
sarcomas, chondromas, hemangiomas and oth- cysts may be encountered in the glottic area,
er lesions, and the patients with laryngeal tu- which may complicate tracheal intubation. In
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the patients with laryngeal tumors, ventilation
or intubation difficulties should be anticipated.
The risk of acute airway emergencies, often
referred to as “Can’t Intubate, Can’t Oxygenate”
scenarios, is particularly high during the post-
operative period [2]. According to a survey, un-
anticipated difficult airways could account for
up to 25% of anesthesia-related fatalities [3, 4].
Therefore, anesthesiologist should conduct a
thorough preoperative assessment and plan for
complete airway obstruction upon the induction
of general anesthesia [5, 6].

Prior to surgery, anesthesiologists need to de-
sign a tailored airway management plan based
on the patient’s condition and their proficiency
with airway tools [7]. There is a wide variety
of tools used for tracheal intubation for the
patients with laryngeal tumors, with flexible
fiberoptic bronchoscope guided intubation as
the most widely used technique (Table 1). How-
ever, flexible fiberoptic bronchoscopy has many
drawbacks, such as patient intolerance, poor
visualization due to airway secretions or blood,
haemodynamic instability, high demands on
the anesthesiologist ‘s operating skills and long
learning cycles, which limit its widespread ap-
plication in clinical practice [8-10].

Our group has developed a new intubation tool -
Safe Easy Endotracheal Kit-flexible (SEEK™) - a
modified introducer initially for the intubation of
critically ill patients with COVID-19 [11]. SEEK™
is a new type of disposable tracheal introducer,
and its features and advantages and compari-
son with other tools have been summarized [12,
13]. We have successfully demonstrated the
efficacy of SEEK™ in managing difficult airway
during awake tracheal intubation and broncho-
scopic balloon dilation [12, 13]. The purpose of
this report is to present 4 cases where SEEK™
was utilized for patients with severe vocal and
proximal tracheal obstruction due to laryngeal
tumors in the awake state. Moreover, this re-
port provides a systematic review of the trache-
al intubation approaches for managing difficult
airways attributed to laryngeal tumors.

Case presentation
Case 1

A 29-year-old male, weighing 70 kg, with no
history of smoking or alcohol consumption,
underwent an extended local excision for la-
ryngeal cancer 10 months ago. He was sched-
uled for radical laryngeal cancer resection and
neck debridement. Preoperative evaluations
revealed no abnormalities or metastases in
the surrounding lymph nodes. The patient was
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classified as Malampatti class Il, exhibited no
apnoea or major depressive symptoms, and
had normal neck flexibility. Routine non-inva-
sive blood pressure, ECG and SPO, monitoring
was performed. Dexamethasone (5 mg), mid-
azolam (1 mg), sufentanil (20 ug), dezocine (5
mg), propofol (80 mg), cis-atracurium (15 mg)
were administered for general anaesthesia, fol-
lowed by preoxygenation and routine intubation
using video laryngoscopy (Zhejiang UE Med-
ical Corp) and endotracheal tube with stylet.
The glottis was not seen on video laryngoscop
and conventional intubation failed, followed
by a drop in SPO, from 100% to 89% and an
increase in heart rate from 65 to 120 beats/
min. At the same time, the anesthesiologist im-
mediately performed face mask ventilation and
called other physicians, which was effective.
After SPO, returned to 100%, intubation was
successfully performed using video laryngos-
copy combined with intubation using SEEK"™
[12]. Following this, SPO, and heart rate were
stabilized after oxygen delivery via a 5.0 mm di-
ameter tracheal tube. Anaesthesia was contin-
ued with inhaled sevoflurane and infusions of
propofol and remifentanil. The patient regained
consciousness at the end of the procedure
with no adverse effects or sequelae, and the
postoperative follow-up was normal. Refer to
Supplementary video 1.

Case 2

A 68-year-old male, weighing 65 kg, with a 40-
year history of smoking and a 4-year history of
hoarseness, was scheduled for a vocal cord
tumour resection. The preoperative physical ex-
amination was unremarkable. The patient was
classified as Malampatti class lll and exhibited
no apnoea or major depressive symptoms. Rou-
tine non-invasive blood pressure, ECG and SPO,
monitoring were carried out. Dexamethasone
(5 mg), midazolam (1 mg), sufentanil (15 ug),
dezocine (3 mg), propofol (65 mg), and cis-atra-
curium (12 mg) were administered as general
anesthesia, followed with preoxygenation and
intubation by video laryngoscopy (Zhejiang UE
Medical Corp) combined with intubation using
SEEK™*[12]. Although the glottis was not visible
with the video laryngoscope, SEEK™ facilitated
access to the airway. A 6.0 mm diameter tra-
cheal tube was successfully inserted into the
airway along the SEEK™. SP0O, was maintained
above 96% throughout the surgical procedure.
Anaesthesia was continued at the end of induc-
tion with inhalation of sevoflurane and infusion
of propofol and remifentanil. The patient re-
gained consciousness at the end of the proce-
dure without any adverse effects or sequelae,
and postoperative follow-up was normal. Refer
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Table 1. Case reports of airway management in patients with laryngeal tumours

First author Year Age Condition

Laryngeal tumor
before surgery type

Airway management Result

Wehner [16] 1982 M/55 Dyspnea

North [17] 1986 F/65 Respiratory failure

Humle [23] 1999 F/51

Laryngeal tumor

Laryngeal tumor

Pronounced acrome- Multiple papilloma- Cook Airway Exchange

Awake blind nasal intuba- Successful but

tion possibility of
obstruction

Trans-nasal fibersco- Successful

py monitoring-guiding

oro-tracheal fiber

Successful but

galic features ta Catheter having difficul-
ty
Matsumoto 2001 M/69 Dyspnea Huge laryngeal cyst Trans-nasal fibersco- Successful but
[14] py monitoring-guiding having difficul-
oro-tracheal fiber ty
Kale [24] 2014 M/64 Worsening shortness Obstructing larynge- Suprag]ottic jet ventila-  Successful
of breath al chondrosarcoma tion
Tange [15] 2014 F/21- Dyspnea Jawbone medullary A spiral tube using a Successful
day-old hemangioma guide wire and bronchofi-
ber
Nakahira 2014 F/20 Hoarseness Laryngeal granulo-  Airway Scope® and video Successful
[25] mas laryngoscope
Uzawa [19] 2016 F/93 Altered mental status Subglottic tumor Tracheal tube and tube  General an-

introducer were difficult
to insert

esthesia was
failed

Zhang [18] 2018 M/54
gectomy

Zhang [18] 2018 M/57 Inspirational apnea

Zhang [18] 2018 M/63 Neck immobility

Primary partial laryn- Laryngeal cancer

Total laryngectomy Fibroscope-guided con-

Macintosh laryngoscopy Fail, urgent
tracheostomy,
finally
Successful
scious intubation

Recurrent laryngeal Fibroscope-guided nasal Failed, finally

cancer intubation tracheostomy
Constable 2018 M/52 Acute breathing diffi- Advanced glottic ‘Over bougije’ technique  Successful
[20] culty cancer
Tsay [26] 2019 F/46  Hoarseness Vocal Cord Granulo- Oro-tracheal intubation  Successful

ma (Shikani video-assisted
intubating stylet tech-
nique)
Hewage [27] 2020 M/48 Progressive hoarse- Pedunculated vocal Awake fibreoptic intuba- Successful
ness, dyspnoea and cord nodule tion
dysphagia

Warnakula- 2020 M/52 Dyspnoea, stridor

Large obstructing

Awake tracheal intuba-

suriya [21] and loss of voice trans-glottic tumour tion with a videolaryngo-
scope
Tsay [26] 2021 M/63 Hoarseness Hypopharyngeal Oro-tracheal intubation ~ Successful
Cancer (Shikani video-assisted
intubating stylet tech-
nique)
Bailey [22] 2021 M/43 Worsening shortness Transglottic squa-  The TriTube® and Successful

of breath
ma

mous cell carcino-

Evone® ventilator

to Supplementary video 2.

Case 3

A 59-year-old male, weighing 70 kg and with
a smoking history for over 30 years, was di-

agnosed with laryngeal cancer with vocal ste-
nosis. He was scheduled to undergo radical
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laryngectomy for laryngeal cancer. Preoperative
evaluation showed no abnormalities and no
metastases in the surrounding lymph nodes.
The patient was classified with Malampatti
class Il, exhibited no apnoea or major depres-
sive symptoms. Routine non-invasive blood
pressure, ECG and SPO, monitoring were car-
ried out. Dexamethasone (5 mg), midazolam
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Papers found in electronic
databases (n=168)

|

Papers after removing Papers excluded after
duplications (n=134) screened (n=34)
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eligibility evaluation (n=41) text assessment (1=93)

|

Papers included in analysis
(n=14)

|

Cases included in analysis
(n=17)

Figure 1. Bibliographic search of literature.

(1 mg), sufentanil (20 ug), dezocine (5 mg),
propofol (80 mg), cis-atracurium (15 mg) were
administered for general anaesthesia, followed
with preoxygenation and intubation using video
laryngoscopy (Zhejiang UE Medical Corp) and
intubation using SEEK" [12]. The glottis was
visible under the video laryngoscope and the
SEEK™ reached the airway. A 6.0 mm diam-
eter tracheal tube was successfully inserted
along the SEEK" into the airway. SPO, was
maintained above 98% throughout the surgery.
Anaesthesia was continued after induction
with inhalation of sevoflurane and infusion of
propofol and remifentanil. The patient regained
consciousness at the end of the procedure,
with no adverse effects or sequelae and, and
postoperative follow-up showed no abnormality.
Refer to Supplementary video 3.

Case 4

A 66-year-old woman, weighing 40 kg, with
dysphagia for one year, was scheduled for rad-
ical tonsillectomy following the discovery of a
tonsillar tumour by electronic laryngoscopy. The
preoperative physical examination showed no
significant findings. The patient was classified
as Malampatti class Il with apnoea symptoms.
Routine non-invasive blood pressure, ECG and
SPO, monitoring were performed. General
anesthesia was administered with dexametha-
sone (5 mg), midazolam (1 mg), sufentanil (10
ug), dezocine (3 mg), propofol (40 mg), cis-at-
racurium (8 mg), followed by preoxygenation
and intubation via video laryngoscope (Zheji-
ang UE Medical Corp) in combination with the
intubation using SEEK" [12]. The glottis was
visible under the video laryngoscope, and the
SEEK™* reached the airway. A 6.0 mm diameter
tracheal tube was successfully inserted into the
airway along the SEEK™. SPO, was maintained
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above 96% throughout the surgery. Anaesthe-
sia was continued at the end of induction with
inhalation of sevoflurane and infusion of propo-
fol and remifentanil. The patient regained con-
sciousness at the end of the procedure without
experiencing adverse effects or sequelae, and
the postoperative follow-up was normal. Refer
to Supplementary video 4.

Results
Literature search

In our search, we identified 168 articles. After
removal of duplications, 134 records were re-
viewed based on inclusion criteria (Figure 1).
After removing 93 duplications, 41 abstracts
were determined suitable for full-text evalua-
tion.

Study characteristics

14 papers including 17 cases published be-
tween 1982 and 2022 discussing the airway
management of laryngeal tumors were includ-
ed in the review. Two of the included papers
were in Japanese, but their abstracts revealed
sufficient clinical information to be included in
the review [14, 15]. The most frequent reasons
for exclusion were failing the predetermined in-
clusion criteria, and inability to obtain detailed
patient information. A total of 17 patients were
included in this review. Results are summarized
in Table 1.

The patients with difficult airway had different
kinds of laryngeal tumors, including: laryngeal
tumor (5 patients), glottic tumor (4 patients),
multiple papillomata (1 patient), huge laryngeal
cyst (1 patient), laryngeal chondrosarcoma (1
patient), jawbone medullary hemangioma (1
patient), laryngeal granulomas (1 patient), vo-
cal cord granuloma (1 patient), pedunculated
vocal cord nodule (1 patient), and hypopharyn-
geal cancer (1 patient) [16-27]. The techniques
used for intubating these patients fell into three
categories: flexible fiberoptic bronchoscope (5
patients), laryngoscope (11 patients), and jet
ventilation (1 patient) [14-27]. Among the pa-
tients who were incubated with laryngoscope,
various introducers were applied, including ex-
change catheter and over bougie [20, 23]. Most
of the published cases reported that the pa-
tients were successfully intubated, except three
patients had failed intubation and two had diffi-
cult intubation [14, 18, 19, 23]. In 2018, Zhang
et al. reported two cases where patients expe-
rienced ventilation difficulties with decreased
oxygen saturation after the induction of general
anesthesia, who were eventually resuscitated
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with a tracheostomy [18]. In addition, Uzawa
et al. reported one case where patient got into
the “cannot ventilate, cannot intubate” situa-
tion after the induction of general anesthesia,
and finally the patient regained consciousness
after airway maintenance efforts [19]. The use
of flexible fiberoptic bronchoscope and video
laryngoscopy in these failed intubation cases
implies that these intubation tools have certain
shortcomings and underscores the need for
improved methods. Possible reasons for failure
include inadequate handling skills, obscured vi-
sual fields, and inability to visualize the glottis.

Discussion

In otorhinolaryngology head and neck surgery,
ensuring airway safety is the key to anaesthetic
management, necessitating comprehensive
preoperative airway assessment [28-30].
Laryngeal tumors can lead to vocal stenosis,
difficult vocal exposure and scar contracture of
previous incisions, often resulting in a challeng-
ing airway [31-34]. Therefore, it's imperative to
devise a safe airway management plan in an-
ticipation of these difficulties. There are many
tools available for difficult airway management,
including video laryngoscopes, flexible fiber-
optic bronchoscopes, lighted or optical stylets,
supraglottic airway devices, and assisted intro-
ducers [28, 29]. However, in clinical practice,
all these tools have their own certain disadvan-
tages and limitations.

The role of the fiberoptic bronchoscope in the
management of difficult and failed intubations
has been widely recognized [35]. However,
several drawbacks of fiberoptic bronchoscopy
hinder its wide application, including high oper-
ational proficiency skill requirements, poor vis-
ibility due to secretions or blood, time-consum-
ing multiple-attempt procedures, poor patient
tolerance, and hemodynamic instability caused
by repeated disturbance of the vocal cords and
nearby tissues. Such excessive stimulation may
lead to significant psychiatric distress and addi-
tional cardiovascular issues for patients [8-10].
The use of supraglottic airway devices in airway
management for patients with laryngeal tumors
is somewhat limited, as tumors may prevent
the supraglottic airway device from providing
oxygen to the patient [36]. Another intubation
tool, the video laryngoscope, usually paired
with a stylet for tracheal intubation, makes it
difficult to insert a tracheal tube after several
attempts, particularly when the epiglottis is
visible but not the vocal canal, or when the
vocal canal is too narrow [28]. Subsequently,
introducers emerged as an aid, such as the
Frova intubation introducer, offering a high
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first-attempt success rate of intubation due to
the stiffer material of the catheter [37, 38].

SEEK", a novel disposable probe intubation
kit developed from our initial intubation kit for
COVID-19 patients, is an easy intubation and
extubation device that can aid the intubation
of any tracheal tube [11]. SEEK™" is structurally
and functionally similar to the Airway Exchange
Catheter and the Frova Intubating Introducer,
but has its own advantages. Its flexible design
not only accommodates a broader range of
functions but also offers a more cost-effective
solution compared to the aforementioned de-
vices; additionally, SEEK"s user-friendly na-
ture allows for operation by a single individual
and facilitates ease of learning, marking it as
a valuable tool for medical practice [12, 13,
39, 40]. Furthermore, based on the features
and functions of SEEK™, we have designed a
novel “Twelve-Step” strategy for awake tracheal
intubation with video laryngoscope and SEEK-
= which was effectively applied in patients
with cervical spinal tumor [12]. This strategy
integrates various approaches to manages dif-
ficult airway in tracheal, enhancing the success
rate of intubation in patients with foreseeable
airway complications and is recommended for
challenging airway scenarios [29, 41-43].

We report 4 patients with laryngeal tumors who
were successfully intubated using video laryn-
goscope and SEEK™ in this review. This meth-
od not only ensured successful intubation but
also resulted in more stable haemodynamics
and less injury during induction of anaesthesia,
due to the softer and slimmer profile of SEEK™*
compared to that of fiberoptic bronchoscopes,
offering better patient tolerance [10, 12]. Ac-
cording to literature review, 3 patients of the
17 screened cases had failed intubation with
fiberoptic bronchoscopes and video laryngos-
copy, leading to a transient oxygenation failure.
Guidelines by the American Society of Anesthe-
siologists, the Difficult Airway Society of Great
Britain and Ireland, and the Canadian Airway
Focus Group emphasize the importance of
sustaining adequate tissue oxygenation [7, 44-
49]. The Canadian Airway Focus Group difficult
airway guidelines state underscore the critical
importance of maintaining adequate tissue
oxygenation, advising that airway management
strategies should prioritize ensuring sufficient
oxygenation and ventilation over tracheal in-
tubation alone [46]. Notably, SEEK™ not only
facilitates rapid and secure endotracheal in-
tubation but its outer catheter, equipped with
multiple small vents, can serve temporarily as
a mini-tracheal tube to sustain oxygenation [12,
13].
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Awake tracheotomy is a frequently utilized tech-
nique for patients with laryngeal tumors [18].
This technique is associated with increased
harm and discomfort for the patient, in addition
to being more hemodynamically provocative.
During elective surgery for laryngeal tumor,
jet ventilation is sometimes used to maintain
oxygenation [24]. However, in the case of
near-complete airway blockage, jet ventilation
poses an unacceptable risk of volutrauma,
barotrauma, pneumothorax, hyperventilation,
and stomach insufflation [50].

SEEK"™ offers a less invasive approach, min-
imizing patient discomfort through its gentle
handling. Recent reports suggest that video
laryngoscopy combined with introducer-guide
enhances the success rate of first-attempt
intubation due to the rigidity of the catheter
material [29, 51, 52]. Compared to Frova intu-
bating introducer and Airway Exchange Cathe-
ter, SEEK™ mitigates some of their limitations,
such as operational complexity, long learning
curve and high cost [12, 13].

SEEK"™ also has its limitations. Structurally,
lacks an integrated light source or a miniature
camera, necessitating its use alongside a vid-
eo laryngoscope for tracheal intubation. From
a practical standpoint, if the patient’s mouth
opening is too small to accommodate video la-
ryngoscope, SEEK™* cannot be used for trache-
al intubation either. In terms of safety and fea-
sibility, there is a lack of randomized controlled
trials comparing SEEK"™ with other intubation
tools, leaving room for further research to es-
tablish its comparative effectiveness.

Conclusions

In this review, we have examined traditional
tracheal intubation techniques for patients with
laryngeal tumors and present a novel tool de-
signed to facilitate intubation in difficult airway
scenarios associated with laryngeal tumors.
The tool is easy to use and has a high success
rate of intubation, low airway irritation, and a
low incidence of adverse effects. However, this
study has its limitations, and as a new device, it
still requires comprehensive testing to substan-
tiate its effectiveness. Future efforts will focus
on refining the trial design, building upon pre-
vious research, conducting additional studies,
and evaluating its potential for clinical use.

Supplementary Material: Four videos of trache-
al intubation in four cases.

Availability of data and material: The data that

Perioperative Precision Medicine

support the findings of this study are available
from the corresponding author upon reason-
able request.
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