Comparison of SEEKflex combined with videolaryngoscopy and flexible bronchoscopy for awake tracheal intubation

Clinical Trial Protocol 

1. Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK34]Difficult tracheal intubation may lead to serious complications or even death of the patient. Awake tracheal intubation (ATI) should be taken into consideration when airway management is predicted to be difficult in scenarios including, but not limited to, operating room, emergency department, intensive care unit (ICU), and prehospital emergencies [1,2]. This approach is regarded as the gold standard in the management of difficult airways due to its high success rate and low risk [2]. Nevertheless, data from the UK indicates that the utilization rate of ATI hovers at a mere 0.2% [3]. In these instances, flexible bronchoscopy is usually considered the device of choice. Under the control of skilled anaesthetists, the success rate can be as high as 99% [4]. However, attaining such a proficient level necessitates extensive training, expertise, and practical experience. Some studies have shown the rate of successful intubation at the first attempt of around 70% for ATI with flexible bronchoscopy [2,5]. A survey suggests that only approximately 30% of anaesthetists profess confidence in this method [6]. These findings prevent wider adoption of ATI, and failed ATI attempts can lead to serious complications, including brain damage and even death. Hence, the urgent development of a straightforward, dependable, and safe intubation tool is a matter of paramount importance.
[bookmark: OLE_LINK8]Videolaryngoscopy is increasingly used for both difficult and routine airway management. Compared with flexible bronchoscopy, experience suggests that videolaryngoscopy is more likely to be skillfully operated during ATI, although there is insufficient evidence to support this [7,8]. Several studies have shown that videolaryngoscopy and flexible bronchoscopy have roughly equivalent success rates during ATI [2,9,10]. Despite the poor quality of the current evidence, there is a growing body of opinion that favors videolaryngoscopy as an alternative to flexible bronchoscopy for ATI [9]. However, ATI is complicated by the inability to clearly visualize the glottis when using videolaryngoscopy. In this case, ATI can be accomplished by using an introducer to assist the videolaryngoscopy.
[bookmark: OLE_LINK25][bookmark: OLE_LINK39]Safe Easy Endotracheal kit-flexible (SEEKflex) is a new multi-functional introducer invented by our team and designed to tackle difficult airways safely and simply, and it was registered as a medical device product in China (Zhejiang Equipment Note Approval 20232081322). SEEKflex is a suit with two parts, a main introducer and an accessory adapter, with an OD of 4.0 mm, ID of 2.4 mm, which is suitable for tracheal tube size ID > 4.5 mm. The stretchable introducer (stretchable lengths ranging from 43 to 81 cm) contains a malleable steel inner guide core and a smooth polyvinyl chloride (PVC) outer catheter which can be locked by a blue connector. Furthermore, at the distal terminal of the outer catheter, there are one vent at the top and 4 rows of vents laterally. After pulling out the inner core and connecting the adapter, local anesthetic can be administrated and oxygenation can be maintained with ventilator, like a slender tracheal tube [11]. We have demonstrated that SEEKflex combined with videolaryngoscopy can be one of the optional options for difficult airway management in patients with cervical spine tumours [11]. The aim of this study was to compare the clinical use of SEEKflex combined with videolaryngoscopy and flexible bronchoscopy for ATI in clinical situations where ATI is required.
2. Trial Design
2.1. Hypothesis
This trial hypothesized that videolaryngoscopy combined with SEEKflex could be used as an alternative to flexible bronchoscopy in awake tracheal intubation.
2.2. Inclusion Criteria: the trial will include patients meeting all of the following conditions
· Aged 18-80 years
· Require ATI
· Adapt to videolaryngoscopy
2.3. Exclusion Criteria: the trial will exclude patients meeting one of the following conditions
· Under 18 years of age
· Patients with ASA classification IV or V
· Patients with severely loose teeth
· Patients in whom cricothyroid puncture is contraindicated
· Refused to participate in the study
2.4. Criteria for withdrawal
· Subject or his/her legal guardian voluntarily requested withdrawal
· severe cardiovascular event or severe hypoxia requiring resuscitation
2.5. Randomization and blinding
The total number of patients enrolled in the study was 148, which were randomly divided into two groups, the experimental group was the videolaryngoscopy combined with SEEKflex group (74 patients) and the control group was the flexible bronchoscopy group (74 patients).
The trialists could not be blinded because the airway management equipment could not be hidden.
2.6. Intervention
[bookmark: OLE_LINK32][bookmark: _Hlk160746912][bookmark: _Hlk160746948][bookmark: OLE_LINK17]We conducted a pragmatic, multicentre, unblinded, randomized, parallel-group clinical trial with the aim of comparing SEEKflex combined with videolaryngoscopy with flexible bronchoscopy in ATI. The trial was approved by the Ethics Committee of Shanghai Pudong New Area People's Hospital and ensured that all patients provided written informed consent. The study was conducted at three medical centers including Shanghai Pudong New Area People's Hospital, Shanghai Changzheng Hospital and The First Hospital of Putian. Inclusion criteria were patients aged 18-80 years who required ATI and were able to adapt to videolaryngoscopy. We excluded patients who were under 18 years of age and over 80 years of age, had an ASA classification of IV or V, had significantly loose teeth, were unfit for thyrocricocentesis, or refused to participate in the study. Patients were recruited during the preoperative evaluation phase and were informed and consented by any of the investigators. Trial group assignments had been placed in consecutively numbered opaque envelopes that were not revealed until after patients were enrolled. Due to the nature of the intervention, both clinicians and researchers were aware of the trial group allocation after randomization. The ATI was performed by an expert, defined here as a senior clinician who had successfully completed at least 10 awake tracheal intubations with flexible bronchoscopy independently without relying on supervision [12]. Three consecutive failed attempts were defined as clinically significant intubation failures.
[bookmark: OLE_LINK21]After the patient was admitted to the operating theatre, intravenous access was obtained and sedation was initiated by target-controlled intravenous infusion of dexmedetomidine, heart rate (HR), oxygen saturation (SpO2), and electrocardiogram (ECG) were routinely monitored, and radial artery puncture catheterization was performed and invasive blood pressure was monitored. Local anaesthesia of the upper airway was performed using 3 ml lidocaine 1% for local airway anaesthesia. Tracheal block was performed by administering 3 ml of lidocaine 1% via the cricothyroid membrane, and the patient was asked to cough several times after the needle was withdrawn to diffuse the local anaesthetic. Sedation and tracheal block should be avoided in patients with laryngeal dyspnoea. The nasal cavity is filled with gauze containing lidocaine 5% for transnasal intubation. Then, SEEKflex combined with videolaryngoscopy or flexible bronchoscopy was performed to conduct ATI, the former method can be seen in the previous description [11]. In case of failure, if the procedure could not be postponed, an awake tracheotomy was performed under local anaesthesia. All patients were preoxygenated with 100% oxygen for 3 minutes before induction of anaesthesia. After intubation, anaesthesia was induced by intravenous midazolam 0.02 mg/kg (30 s), remifentanil 0.3 μg/kg (30 s), propofol 1 mg/kg (15 s) and rocuronium bromide 0.5 mg/kg.
Notably, with SEEKflex being a novel thing, we created the ATI “Twelve-Step” approach: (1) local anesthesia and sedation; (2) molded SEEKflex; (3) insert SEEkflex; (4) insert laryngoscope; (5) expose glottis; (6) push the outer PVC catheter of SEEKflex into trachea; (7) fasten SEEKflex in an appropriate depth; (8) pull out the inner stiffening stylet of SEEKflex; (9) confirm SEEKflex into trachea by EtCO2; (10) advance endotracheal tube; (11) pull out SEEKflex; (12) confirm endotracheal tube into trachea.
2.7. Outcomes measurement
[bookmark: OLE_LINK42][bookmark: OLE_LINK16]The primary outcome was the rate of successful intubation at the first attempt. Secondary endpoints were time to tracheal intubation (from entry of the instrument into the mouth or nostril to successful intubation); patient-reported satisfaction with the technique; and complications arising from intubation, such as cough, hypoxia and sore throat. Patient satisfaction was assessed in the post-anaesthetic care unit (PACU) on a numerical scale, with 0 representing the worst score and 10 the best. Practitioner satisfaction was assessed using the same scale.
3. Sample size estimation
[bookmark: OLE_LINK26][bookmark: OLE_LINK28][bookmark: OLE_LINK10][bookmark: _Hlk160747151][bookmark: OLE_LINK36]The aim was to demonstrate that the SEEKflex combined with videolaryngoscopy has an advantage compared to flexible bronchoscopy in terms of the rate of successful intubation at the first attempt. The rate of successful intubation at the first attempt was predicted to be 90% for the former and reportedly predicted to be 70% for the latter [2,5]. We made a bilateral hypothesis with risk at 5%, 80% power, calculating a required sample size of 59 cases per group. An additional 20% dropout rate was considered, and a total of 74 cases were included in each group, for a total of 148 cases (Subject or his/her legal guardian voluntarily requested withdrawal; severe cardiovascular event or severe hypoxia requiring resuscitation). Data are presented as mean ± SD, numbers (n) and percentages (%). For analyses of continuous variables, t test or Mann-Whitney U test was applied. Categorical variables were analysed using the χ2 test or Fisher exact test. P value less than 0.05 were considered statistically significant. SPSS statistical software was used for analysis.
4. Data collection
[bookmark: _Hlk159795984]The data consisted of the following items: BMI, Age, Sex, ASA, History of difficult intubation, Mouth opening, Thyromental distance, Mallampati classification, Restricted neck mobility, Upper lip bite test, Snoring, Predicted difficult facemask ventilation, Failed intubation (>3 attempts), Successful intubation at the first attempt, Intubation time, Number of attempts before success, Patient satisfaction score, Sore throat, Mean arterial pressure, Heart rate, Oxygen saturation values. 
5. Timeline
· Nov 2022- Jan 2023: review of relevant literature, design of trial process, refinement of collection metrics, design of case report forms, ethical application, registration of clinical trial number.
· Feb 2023- Aug 2023: Based on the subject design, the included population was selected and after signing the informed consent form, the clinical trial was conducted and relevant data was collected.
· Sep 2023- Oct 2023: Statistical analysis of extracted clinical data.
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