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    Abstract
Various modalities such as cryoprobe-transbronchial lung biopsy (TBLB)/transbronchial lung cryobiopsy (TBLC) have been described for lung biopsy procedure. However, anaesthetic concerns related to periprocedural planning for paediatric TBLC have not been previously reported in the literature as clinical experience with paediatric TBLC is just evolving. The airway and general anaesthetic management of TBLC in a 12-year-old girl is described. TBLC in a child requires rigid bronchoscopy under general anaesthesia by an experienced endoscopist who, along with the anaesthesiologist, is alert all the time to keep the peak airway pressures low to avoid barotrauma.
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    Introduction


    Lung biopsy is often required for establishing a definitive diagnosis for various diffuse parenchymal lung diseases. Various modalities have been described for lung biopsy procedure. Cryoprobe-transbronchial lung biopsy (TBLB)/transbronchial lung cryobiopsy (TBLC) has emerged as one of the acceptable and safe techniques for performing lung biopsy in adults. Literature is however scarce for similar procedures among children. TBLC is a bronchoscopic technique of obtaining larger tissue specimens than conventional TBLB, thereby yielding more definitive diagnosis.[bookmark: ft1][1],[bookmark: ft2][2] It avoids the complications associated with surgical biopsy such as longer hospital stay, air leak and other morbidities.[bookmark: ft3][3] A protected airway is recommended, preferably using a rigid bronchoscope or an endotracheal tube, and general anaesthesia is usually required.[bookmark: ft4][4] However, anaesthetic concerns related to periprocedural planning for paediatric TBLC have not been previously reported in the literature as clinical experience with paediatric TBLC is just evolving. We describe the anaesthetic management for TBLC in a 12-year-old girl performed under general anaesthesia.


    Case Report


    A 12-year-old girl weighing 30 kg presented with a 2-month history of breathlessness, fever and dry cough. She was evaluated at another facility and started empirically on antitubercular therapy. During treatment, she developed pneumothorax for which an intercostal drain was inserted which was later removed after adequate lung expansion. The computed tomographic scan of the thorax showed homogenous ground-glass opacities with interstitial thickening in lungs, few small air cysts and peripheral bronchiectasis. A differential diagnosis of hypersensitivity pneumonitis, sarcoidosis or non-specific interstitial pneumonia was considered. TBLC was planned for definitive tissue diagnosis.


    Following an adequate period of fasting, the patient was shifted to the bronchoscopy procedure room. After attaching a 5-lead electrocardiogram, noninvasive blood pressure and pulse oximeter, a 22-SWG intravenous cannula was secured. Anaesthesia was induced with intravenous fentanyl 60 μg, propofol (using target controlled infusion with a target of 4 μg/mL) and atracurium 15 mg, and the lungs ventilated with 100% oxygen. Thereafter, under the guidance of direct Macintosh laryngoscopy, a rigid bronchoscope (Karl Storz, size 8.5 mm ID) was introduced by a pulmonologist into the trachea. The laryngoscope was removed once the bronchoscope was negotiated into the trachea. Anaesthesia was maintained using propofol (target-controlled infusion [TCI] at 3 μg/mL) and lungs ventilated manually using a closed dual-tube ventilator circuit with 100% oxygen through the side port of the rigid ventilating bronchoscope. Oxygen was delivered at 15 L/min and ventilation performed at a rate of around 15 breaths/minute. The flexible bronchoscope was then negotiated through the barrel of the rigid bronchoscope, and its tip was placed just proximal to the right secondary carina. Thereafter, a 5 Fr Fogarty balloon catheter was negotiated through the barrel of the rigid bronchoscope by the anaesthesiologist. Once the Fogarty catheter exited the barrel of rigid bronchoscope, the flexible fibrescope was used to guide it to the proximal right bronchus intermedius (just distal to the right secondary carina beyond the take-off of the right upper lobe bronchus). The position (right bronchus intermedius) was again confirmed by inflating the balloon with 1 mL of saline. The balloon was deflated once its position was confirmed. TBLC was performed using a 1.9 mm cryoprobe (inserted through the rigid bronchoscope barrel along with preexisting Fogarty catheter and flexible bronchoscope) from the right lower lobe, anterior and lateral basal segments. At the time of cryoprobe activation, ventilation was stopped and apnoeic oxygenation continued at 15 L/min. During these steps, anaesthesia was maintained with TCI using propofol. As soon as the lung biopsy specimen was extracted (which took around 15–20 s), the Fogarty catheter was inflated with 1 mL saline to achieve haemostasis by tamponade. Thereafter, ventilation was resumed manually keeping the peak airway pressure below 30 cm H2O to avoid the risk of barotrauma. During this period, the oxygen saturation remained between 94% and 98%. Lung ultrasound was performed to rule out a pneumothorax. After around 3 min of inflation of the Fogarty balloon, it was deflated and haemostasis was assessed under flexible bronchoscopy. Once haemostasis was confirmed, the Fogarty catheter was removed, followed by the removal of the rigid bronchoscope. A size 2.5 i-gel® was introduced to achieve airway control and continue manual ventilation. The TCI infusion of propofol was stopped and the residual neuromuscular blockade was antagonised using intravenous glycopyrrolate and neostigmine according to body weight. After adequate recovery from anaesthesia and neuromuscular blockade, the i-gel® was removed. The child was shifted to the recovery room for further observation.


    The child had an uneventful recovery. Occasional bouts of cough were managed conservatively with budesonide nebulisation. Repeat ultrasound of the thorax to identify pneumothorax was done hourly in the postoperative period for the first 4 h. At the time of discharge from the postoperative ward, the child did not have a pneumothorax. The child was discharged from the hospital next day with follow-up in the paediatric pulmonary clinics.


    Discussion


    A standardised technique for performance of TBLC in adults has been described. Based on differing anatomy and physiology of children, TBLC may have age-related concerns and higher complication rates.[bookmark: ft5][5] Children have a lower functional residual capacity and a higher oxygen consumption, leading to faster desaturation during apnoea that is an inevitable component of this procedure.[bookmark: ft6][6] This mandates apnoeic oxygenation at higher flow rates. Major concerns with TBLC include the risk of bleeding, pneumomediastinum and pneumothorax (with some studies reporting postprocedure pneumothorax in nearly one quarter of the subjects).[bookmark: ft7][7] Paediatric patients may have a greater risk of pneumothorax and poor tolerance if pneumothorax occurs, because of a mobile mediastinum that may shift to the contralateral side even with less intrathoracic pressure.[bookmark: ft8][8] Therefore, repeated lung ultrasound should be performed in all patients to identify pneumothorax early. It was a greater concern in our patient as there was a prior history of pneumothorax.


    There are reports of TBLC being performed without the use of a protected artificial airway.[bookmark: ft9][9],[bookmark: ft10][10] However, it is recommended that airway protection (ideally using a rigid bronchoscope) be performed in all patients as there is always a risk of airway bleeding and possible airway loss.[bookmark: ft11][11] The presence of a rigid bronchoscope allows removal of the cryoprobe avoiding accidental contact with other structures, thereby increasing procedure safety.[bookmark: ft12][12] It also allows faster access to the biopsy site for assessment and for isolation of the contralateral lung if massive bleeding was to occur.[bookmark: ft13][13] The risk of slippage of the occlusion balloon, leading to loss of control over bleeding, may be greater if a rigid bronchoscope is not used. Although the TBLC procedure has been well standardised for adults, sufficient experience is not available for children at present.[bookmark: ft14][14]


    We conclude that paediatric TBLC is feasible, but endoscopic surgeons and anaesthesiologists need to be well aware of the special age-related concerns of airway management and be prepared to handle such potential complications in this age group. TBLC in a child requires rigid bronchoscopy under general anaesthesia by an expert bronchoscopist, and the peak airway pressure should be kept low during ventilation to avoid barotrauma as chances of pneumothorax are high in this procedure.
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