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Short Abstract:  
Bronchial thermoplasty is a new therapy for severe asthmatics that is delivered during a bronchoscopic procedure. Bronchoscopy in severe asthmatics can be challenging, and strategies for airway management, procedural oxygenation ventilation, patient monitoring and procedural sedation are of upmost importance in optimizing bronchial thermoplasty treatment and ensuring patient safety.
Long Abstract: (150 words minimum, 400 words maximum)  
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Bronchial thermoplasty (BT) is a new procedure that delivers controlled thermal energy to the airway wall in patients with severe asthma.  The goal of this procedure is to reduce excessive airway smooth14, 12 muscle, thereby decreasing bronchoconstriction during asthma attacks.  A previous publication in JoVE1 has described in detail the process of patient selection, the technique of performing bronchial thermoplasty using the Alair® System, as well as the post-procedure recovery process for patients undergoing BT.  This article will focus on the technical aspects of bronchoscopy during a BT treatment session.
Bronchial thermoplasty is performed in three separate sessions, each spaced a  minimum of three weeks apart.  The right lower lobe is treated in the first session, the left lower lobe in the second, and the bilateral upper lobes in the third session.  During each session, all accessible airways distal to the main stem bronchus greater than 3mm are treated, and activations in excess of 60 per lobe are not uncommon, resulting in a bronchoscopy that can take up to 60 minutes. Bronchoscopy in severe asthmatics can be challenging, and strategies for proper patient management including airway management, procedural oxygenation and ventilation, patient monitoring and procedural sedation are of upmost importance in optimizing bronchial thermoplasty treatment and ensuring patient safety.
Bronchoscopy procedures are performed differently at different centers based on institutional policies as well as physician preferences. In this article we detail our own experience with bronchoscopy in relation to bronchial thermoplasty.  We will outline specifics regarding airway management, equipment set-up, high-flow blow-by oxygenation and procedural sedation. This outline is presented as an option for those who perform bronchial thermoplasty, as well as for those who anticipate performing the procedure in the future.
Introduction: should include background of the disorder, similar cases (if applicable), usual presentation, and progression of the disorder
A previous publication in JoVE1 has described in detail the process of patient selection, the technique of performing bronchial thermoplasty using the Alair® System, as well as the post-procedure recovery process for patients undergoing BT.  This article will focus on the technical aspects of bronchoscopy during a BT treatment session as performed at Barnes Jewish Hospital, Washington University in St. Louis. This publication is intended to highlight techniques that maximize patient comfort and safety while optimizing the bronchoscopic treatment conditions required for Bronchial Thermoplasty in severe asthmatic patients. 
Severe asthmatic patients are a challenging set of patients to perform bronchoscopy on because of hyper-reactive airways and possibly increased mucus production, thereby requiring special bronchoscopic techniques. These are outlined in this publication. 
Case Presentation: 
The typical bronchial thermoplasty patient is an adult, has a history of poorly controlled severe asthma, and despite taking Advair®,   Symbicort® or other equivalent combinations of ICS + LABA twice a day, still experiences difficulty in daily activities due to asthma symptoms. 
Bronchial thermoplasty is typically administered in a hospital outpatient bronchoscopy or endoscopy suite or operating room.  The patient should be able to safely undergo bronchoscopy and the bronchoscopist needs to ensure that the patient remains a good candidate for bronchial thermoplasty by following the patient selection criteria outlined below.  In some cases, the procedure may be safely performed on an in-patient basis where the patient can be monitored for a longer period of time before discharge.  Patients who are described in the Precautions section 1.4 below might be such candidates.


Treatment/Diagnostics Procedure: 
Bronchial thermoplasty procedure, as performed at Barnes Jewish Hospital, Washington University in St. Louis.
1. Patient Selection:
1.1. The Alair Bronchial Thermoplasty System is indicated for the treatment of severe persistent asthma in patients 18 years and older whose asthma is not well controlled with inhaled corticosteroids and long acting beta agonists.
1.2. Patients with the following conditions should not be treated:
· Presence of a pacemaker, internal defibrillator, or other implantable electronic devices,
· Known sensitivity to medications required to perform bronchoscopy, including lidocaine, atropine, and benzodiazepines,
· Patients previously treated with the Alair System should not be retreated in the same area(s).  No clinical data are available studying the safety and/or effectiveness of repeat treatments.  

1.3. Patients should not be treated while the following conditions are present:
· Active respiratory infection, 
· Asthma exacerbation or changing dose of systemic corticosteroids for asthma (up or down) in the past 14 days,
· Known coagulopathy, 
· As with other bronchoscopic procedures, patients should stop taking anticoagulants, antiplatelet agents, aspirin and NSAIDS before the procedure with physician guidance.  

1.4. Caution should be taken in patients with the following conditions due to a potential increased risk of adverse events that may be associated with the procedure. Patients with these conditions were not studied in the pivotal trial and the safety of Alair treatment for such patients has not been determined: 
· Post-bronchodilator FEV1 < 65%.
· Other respiratory diseases including emphysema, vocal cord dysfunction, mechanical upper airway obstruction, cystic fibrosis or uncontrolled obstructive sleep apnea.
· Use of short acting bronchodilator in excess of 12 puffs per day within 48 hours of bronchoscopy (excluding prophylactic use for exercise).
· Use of oral corticosteroids in excess of 10 milligrams per day for asthma.
· Increased risk for adverse events associated with bronchoscopy or anesthesia, such as pregnancy, insulin dependent diabetes, epilepsy or other significant co-morbidities, such as uncontrolled coronary artery disease, acute or chronic renal failure, and uncontrolled hypertension. The Alair System should only be used in patients stable enough to undergo bronchoscopy
· Intubation for asthma, or ICU admission for asthma within the prior 24 months.
· Any of the following within the past 12 months:
· 4 or more lower respiratory tract infections (LRTI)
· 3 or more hospitalizations for respiratory symptoms
· 4 or more OCS pulses for asthma exacerbation
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
2. 
Equipment: 
2.1. Bronchial Thermoplasty System
2.1.1.  Alair RF Controller: Generates controlled RF energy that is transferred from the catheter electrodes to the tissue. Tissue resistance causes the RF energy to be converted to thermal energy. The temperature set point, power limit, and delivery time are configured in the RF Controller software, and are not user adjustable. The RF controller maintains tissue temperature at 65°C and each activation of RF energy is generally lasts 10 seconds. 
· RF energy activations are initiated by via foot switch supplied with the RF controller.

2.1.2. [bookmark: OLE_LINK8][bookmark: OLE_LINK9]Alair Catheter: The Alair Catheter is a single use, catheter with an expandable wire electrode array. This device is designed to be delivered under direct visualization through the working channel of a standard bronchoscope.  The electrode array is expanded to contact the airway walls and then activated to deliver RF electrical energy. 
2.1.3. Return Electrode: A standard gel-type patient return electrode is affixed to the patient and connected to the controller to provide a complete circuit. 
2.2. Bronchoscope: A high frequency (HF) compatible flexible diagnostic bronchoscope is recommended, ideally with < 5.2mm outer diameter and a 2.0mm minimum working channel. Larger therapeutic bronchoscopes (> 5.2mm OD) are not recommended since they limit access to smaller airways. The goal is to be able to access all airways 3.0mm and larger, distal to the main stem bronchus with the Alair catheter. 
2.3. Patient management equipment: This article is going to focus on a trans-oral bronchoscopic approach as performed at Barnes Jewish Hospital, Washington University in St. Louis. Not all centers may choose to use the equipment outlined below. 
2.3.1. Standard patient monitoring equipment: All patient monitoring equipment that is used per hospital guidelines for bronchoscopy should be used. 
2.3.2. High flow Oxygen Delivery System: A high flow oxygen delivery system consisting of an oxygen analyzer, Air Blender, 60 L / min room air input and Oxygen input delivered to the patient through large bore tubing and connected to T-piece. The high flow system provides a continuous flow of gas to the patient keeping oxygen saturation at an acceptable level in a wide variety of situations.  Gas flow is high, so it easily exceeds the patient's inspiratory demands. This delivery method allows manipulation of Oxygen flow while keeping the fraction of inspired oxygen (FiO2) at an acceptable level (< 40% because RF is used in BT). If a patient desaturates during the procedure, there is no need to switch from one oxygen delivery device to another. 



2.3.3. T-piece with bite block: allows a high-flow oxygen delivery device to be used during bronchoscopy to facilitate additional oxygen and flow delivery.
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2.3.4. LMA (Laryngeal Mask Airway): Some patients may benefit from the use of a LMA during bronchoscopy for Bronchial Thermoplasty. The LMA keeps soft tissue from obstructing the upper airway while moderately sedated in some patients. This upper airway management technique helps keep oxygen saturation stable and decreases the need to interrupt the BT procedure for chin lifts or increased oxygen delivery if oxygen saturation drops during bronchoscopy. Patients that may benefit from the use of an LMA are those with a history of Obstructive Sleep Apnea (OSA) or if there is clinical concern for upper airway obstruction during bronchoscopy that might lead to transient oxygen desaturation during the procedure
· Not all LMAs’ are made the same. Barnes Jewish Hospital has found the gel type, non-inflatable supraglottic mask with a built in bite-block to be the best choice due to its easy insertion qualities. The “tee-piece” attaches directly to the LMA. A high-flow oxygen delivery device can then attached to facilitate additional oxygen and flow delivery. 
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3. Patient Preparation for Bronchial Thermoplasty:
3.1. Consent: obtain all consent per normal hospital guidelines it may also be helpful to explain the stepwise approach to the procedure including: 
· Explanation of the BT procedure and how it is delivered by the Alair System .
· Risks and benefits of BT 
· Pre procedure medications
· 3 procedure treatment process
· Time between procedures
· Recovery after each procedure
· When and whom to call if asthma worsens after treatment. 

3.2. Prior to day of procedure: 
· Medications: Prophylactic administration of OCS (50mg/d) for 3 days before, day of, and day after the procedure to minimize post procedure inflammation.
· Patient Stability Assessment: per the requirements in section 1.3  

3.3.  Pre bronchoscopy assessments: 
3.3.1. Postpone procedure if any of the following conditions exist:
· Patient asthma stability has changed: 
· Increase in asthma symptoms in last 48 hrs
· Increase use in rescue medication
· Active respiratory infection, allergic sinusitis, or other instability
· Prescribed prednisone was not taken. If the prednisone was not taken on the day of the procedure it can be administered via IV on day of the procedure 

3.3.2. Upper Airway assessment: Some patients may benefit from the use of a LMA during bronchoscopy for Bronchial Thermoplasty. Patients that may benefit from the use of an LMA are those with a history of Obstructive Sleep Apnea (OSA) or if there is clinical concern for upper airway obstruction during bronchoscopy that might lead to transient oxygen desaturation during the procedure.
3.3.3. Spirometry: Spirometry should be performed  pre and post procedure so that a comparison of pre procedure to post procedure spirometry results can be use as a discharge criteria. 
· Utilizing a portable spirometer, record Post-bronchodilator FEV1 pre procedure and post procedure 
· If the Post-bronchodilator FEV1 is not 85% of the baseline or pretreatment value, physician may want to consider postponing the procedure. 

3.4. Pre Bronchoscopy medications
3.4.1. Albuterol nebulizer treatment of 2.5-5.0 mg or 4 to 8 puffs with a metered dose inhaler. Asthmatic patients generally have hyper responsive airways and this will allow access to distal anatomy and keep airway hyper responsiveness to a minimum.
3.4.2. Glycopyrrolate 0.2 -0.4 gm IV/IM approximately 30 minutes to the bronchoscopy. This reduces the amount of airway secretions and may improve visibility through bronchoscope. 
3.5. Preparation for bronchoscopy: Prepare patient for bronchoscopy per all institutional guidelines including start of IV, cardiac tracing, pulse oximetry, respiratory rate, blood pressure
3.5.1. Return electrode: Apply the patient return electrode to a well vascularized, convex area such as arm, thigh, or one side of lower back. Avoid boney, hairy or fatty area’s. Plug return electrode into the Alair RF Controller
3.6. Sedation and topical anesthesia: Bronchial thermoplasty can only be performed effectively when a patient is adequately medicated to provide anxiolysis, analgesia and topical anesthesia for the entire procedure, thereby ensuring patient comfort and reducing excessive patient movement. Inadequate sedation and topical anesthesia can substantially impact patient satisfaction, procedure time and ability to delivery bronchial thermoplasty as intended. 
3.6.1. [bookmark: OLE_LINK26][bookmark: OLE_LINK29]Sedation: Maintaining the patient at Richmond Agitation Sedation Scale15 (RASS) score of -3 (moderate sedation) for the entire procedure is the goal. RASS score should be checked every 3 minutes at a minimum and medications should be administered as needed per the table below. A RASS score of -3 indicates that the patient responds to verbal stimulation but does not initiate eye contact.  
· Anxiolysis-midazolam 
· 1-2 mg IV prn loading dose.  
· Incremental dose 0.5-1.0 mg IV q 3-5 minutes prn
· Analgesia/Antitussive- fentanyl 
· 50-100μg IV prn loading dose.
· Incremental dose 25-50μg IV q 3-5 minutes prn
· Antiemetics-ondansetron 4–8mg IV, metoclopramide 10 mg IV,  promethazine 12.5mg IV, or dexamethasone 4mg IV
· Benedryl does not exceed 50mg, and can be given in 25 or 50mg doses IV

3.6.2. Topical Anesthesia: 
· Supraglottic Topicalization: 2.5 ml of 2% lidocane is given via a nebulizer treatment which can be given at same time as Albuterol treatment form section 3.4. After nebulizer treatment 3ml of 2% lidocane is applied to the mouth and 3ml of 2% lidocane in on e nostril via a mucosal atomizing device. 
· Vocal Cord and Subglottic Topicalization: 1% lidocaine can be applied in small (2mL) aliquots until the patient appears comfortable with minimal coughing.  The volume of 1% lidocaine needed typically ranges from 2 to 10mL.   Following vocal cord topicalization, the patient’s sedation level is reassessed and considerations are made for supplementing with more anxiolytic or antitussive medications (see Sedation section) as needed.  As the bronchoscopist proceeds down the airway, 1% lidocaine should be used in small (2mL) aliquots down the bronchial tree.  The bronchoscopist should apply the local anesthetic, focusing more attention on the airway segments being targeted for treatment.  After 30-40 minutes into the procedure, the bronchoscopist may consider additional topicalization if necessary.

3.7. LMA Insertion: if you are using an LMA insert per the IFU for the LMA being used after you have begun sedation and anesthetized the patient’s upper airway.
· Lubricate the back, front, and sides of the LMA with 2% viscous lidocaine or a surgical jelly lubricant. Take care not to leave boluses of lubricant anywhere on the LMA that may impede or compromise  airway integrity
· Insert LMA per IFU 
· Immediately check the LMA position with the bronchoscope and adjust as necessary
· The tip of the airway should be located into the upper esophageal opening and the cuff should be located against the laryngeal framework. 
· The bite-block portion should be between the incisors
· The LMA should be taped to the face to prevent displacement of the device
· Connect the LMA to the high-flow t-piece
· If required, a nasogastric tube may be passed down the gastric channel to remove secreations

3.8. Bronchial Thermoplasty
3.8.1.  3 procedures: The entire bronchial thermoplasty treatment is performed during three bronchoscopy sessions, each separated by about 3 weeks. The order of treatments is
· Treatment 1: Right Lower Lobe (RLL) 
· Excluding Right middle lobe (This is due to the increased risk of RML syndrome)
· Treatment 2: Left Lower Lobe (LLL)
· Treatment 3: Right and Left Upper lobes (UL)
· Additional time may be required for upper lobe treatment because the increase in number of airways and tortuosity of segments


3.8.2. Airway inspection: Most bronchoscopies including Bronchial Thermoplasty start with a general inspection of the airways. Severe asthmatics generally have hyper responsive airways therefore it is important to minimize the number of times the airways are irritated with the bronchoscope. One technique to minimize scope/airway irritation is to start inspection of the airways on the opposite side that is intended to treat with BT. For example if the RLL is intended to treat in this session, start topical anesthesia and inspection in the left side and finish in the Right just prior to performing BT. 
3.8.3. Treatment planning: A Bronchial thermoplasty treatment session requires systematic treatment of all accessible airways 3 mm and larger in the target lobe to be treated. Because patient anatomy differences and situations such as coughing or loss of visualization can cause the bronchoscopist to lose their place it is imperative that a treatment plan is made.  Generally a distal to proximal, left to right or clockwise progression is followed, in both the segmental and sub-segmental anatomy. The following is an example of a treatment plan/order of airways treated for the right lower lobe. 
1. [bookmark: OLE_LINK5]Medial Basal (RB7)
2. Anterior Basal (RB8)
3. Lateral Basal (RB9)
4. Posterior Basal (RB10)
5. Lower lobe bronchus
6. Superior Segment (RB6)
7. All sub segments within major segments clockwise naming A, B, C, D etc 
It is important to verbalize the plan and current location so all staff in the room is aware. It may also be helpful to keep the order of treatment and current location charted on a map. 

3.8.4. Bronchial Thermoplasty Activations: A single activation of the Catheter delivers RF energy to the airway wall over a distance of approximately 5mm (the length of the exposed electrodes within the electrode array). The RF energy is low power,  temperature-controlled, and automatically terminates upon completion of the activation cycle (approximately 10 seconds).  Each Bronchial Thermoplasty procedure consists of approximately 40-80 activations. The following is a step by step process
1. Navigate to the most distal location to be treated per the treatment plan. 
2. Extend the catheter out of the working channel. 
a. Do not extend the catheter such that the electrode array is beyond vision
3. Expand the electrode array with until all 4 electrodes are in contact with the airway wall. 
a. Good communication between the catheter operator and bronchoscopist is key. Simple verbal commands such as “expand” and “relax” coming from the bronchoscopists to the catheter operator can dramatically improve the efficiency of the procedure. 
b. DO NOT over expand the electrode array. If the array is over expanded likely one electrode will open inward “invert”. Expanding the electrode under direct visualization and only expanding the minimal amount required to have the catheter electrodes contact the airway wall will decrease the possibility of ‘inverting’ one electrode. 
c. The Alair catheter has the ability to expand to at least 10mm. Most activation will be performed in airways 6mm and smaller, therefore full expansions are rarely required in these airways. 
i. CAN SHOW DEMONSTRATION OF VARIOUS OPENING IN THE EXPANSION DEMONSTRATION TUBE WITH HANDLE POSITION
d. The electrode array of the Alair catheter has a natural open diameter of ~3- 4mm and is soft and pliable therefore can be inserted into airways as small as 3mm. In these smaller airways no expansion of the array may be required. 
4. A single press of the RF Controller footswitch begins the RF activation cycle. An audible tone will be heard every 2 seconds followed by a long tone at the completion of the 10 second activation. 
a. The goal is to keep the electrode array still during the entire 10 second activation. Movement may cause an incomplete activation. 
5. An incomplete activation alarm (rapid set of tones) will be heard if any of the RF controller algoritihms are triggered. Incomplete activations are caused by:
a. 1 or more of the electrodes not in contact with the airway wall
b. Loss of contact with the airway wall during the activation
c. Movement during the 10 second activation
d. High impedance caused by poor return electrode contact 
6.  At the end of an activation signaled by the long tone, the catheter operator should relax the electrode array and the bronchoscopist repositions the array 5mm proximal to the last activation using the black marks on the catheter as a guide. 
7. Adjacent activations are performed until the targeted airway is completely treated. 
a. The goal of BT is to place activations next to each other in a continuous fashion without overlapping or leaving gaps. 
8. Move to the next targeted airway per the treatment plan and repeat until the entire targeted lobe is completed. 
a.  Depending on size and anatomy, a range of approximately 40-80 RF activations are performed in about 1 hour.
9. The patient’s sedation and topical anesthesia should be continuously managed because performing these simple steps becomes very difficult if the patient is struggling, coughing, or secretions are not well managed.  
a. Goal is to keep the patient at a RASS score of -3 for the entire procedure
b. Topical anesthesia may need to be reapplied after approximately 30 min 
    
3.9. Post Procedure recovery: Follow all appropriate institutional guidelines for post procedure care. Patients should carefully monitored and discharged only after they are deemed stable and have adequate (compared to pre-procedure) lung function, mental status and are able to take liquids. This often takes up to 4 hours for each treatment session.
3.9.1. A 2.5mg Albuterol nebulizer may be administered to help offset airway provocation from the procedure. 
3.9.2. Recommended post procedure assessments used during the clinical trial: 
· Discharge if Post-bronchodilator FEV1 is ≥ 80% of the pre-procedure value and patient is feeling well.
3.9.3. Post procedure follow-up 
· Verify prophylactic use of prednisone or equivalent the day following each bronchoscopy.
· Warn the patient of the potential for a temporary increase in the frequency and worsening of asthma symptoms, as well as upper or lower respiratory tract infections, chest pain or other discomfort. 
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Contact patient via phone calls 1 day, 2 days and 7 days to assess post-procedure status.
· Office visit at 2 to 3 weeks to assess pulmonary function and schedule subsequent bronchial thermoplasty procedures as appropriate.
· Follow-up visits for long-term monitoring of improvement of asthma status as needed.
3.10. Clinical outcome: 
3.10.1. Treatment period: Defined as period immediately following the first procedure until 6 weeks after final procedure
In the period immediately following bronchial thermoplasty there was an expected transient increase in the frequency and worsening of respiratory-related symptoms4. This highlights the importance of post procedure follow-up and patient monitoring. 
3.10.2. Post Treatment period: defined as 6 weeks after the final procedure
The Asthma Intervention Research 2 (AIR2) trial demonstrated that after the treatment period ended treatment with the Alair® System resulted in improved asthma quality of life, as well as clinically significant benefits over sham during 1 year follow-up4. These results were discussed in previous JoVE1 article and The AIR2 data was also published in the January 15, 2010 issue of the American Journal of Respiratory and Critical Care Medicine (AJRCCM). A recent publication of the AIR2 data in the Annals of Allergy, Asthma & Immunology demonstrated the reduction in asthma attacks, ER visits and hospitalizations for respiratory symptoms are maintained out to 2 years2. 
Conclusion: 
The treatment protocol outlined in this publication is how one center, Washington University in St. Louis  optimized bronchial thermoplasty to maximizes patient comfort and safety while, minimizing secretions and coughing which allows the bronchoscopist to focus on performing the detailed treatment of all accessible airways instead of trying to actively manage the patient. 
Bronchial thermoplasty delivered by the Alair System provides a novel, procedure-based treatment for severe asthma that is refractory to conventional therapy. Pulmonologists, and respiratory therapists should become familiar with the special strategies for airway management, procedural oxygenation and ventilation, patient monitoring, procedural sedation, and treatment planning used in a bronchial thermoplasty procedure. Without these special considerations the procedure has the potential to be very difficult to properly perform because of the need to systematically line up approximately 60, 5mm long treatments in all accessible airways of the lobe being treated without gaps or overlap.  
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We do not intubate our patients.

  

We have a high-flow oxygen delivery device connected to large bore tubing, which is connected to a t-piece and bite block apparatus. 



Device can reach flows of about 70l/m.
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High-Flow Oxygen Delivery
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