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Foreword

Ten years ago, Praveen Mathur, Indianapolis, USA, and myself co-edited the book Interventional Bronchoscopy  which was volume 30 in the series Progress in Respiratory Research. When we first presented the book at the European Respiratory Society congress in Madrid, we were overwhelmed by its success, and relatively soon the book was sold out and had to be reprinted. We thus realized that the topic had much broader appeal than we originally thought. Some time ago, I was approached by Kostas Priftis from Athens, Greece, who asked whether there might be interest for a similar book in paediatrics. I immediately showed my enthusiasm, and we quickly found a group of 5 eminent paediatric bronchoscopists who undertook to co-edit the now 38th volume of Progress in Respiratory Research  entitled Paediatric Bronchoscopy. They are Michael Anthracopoulos, Patras, Greece; Ernst Eber, Graz, Austria; Anastassios Koumbourlis, Washington, D.C., USA, and Rob Wood, Cincinnati, Ohio, USA. Between them they could get the help of some of the most eminent paediatric bronchoscopists from all over the world to cover every aspect pertaining to bronchoscopy in children. Thanks to the never failing commitment of the volume editors under the leadership of Kostas Priftis, all chapters came in on time and were carefully reviewed by the editors.

As any book on endoscopy needs illustrations, we encouraged chapter authors to supply as much material as possible, including their best educational videos. A careful selection took place to choose the best pictures for the print version of this volume; the best videos, on the other hand, can all be found in an online repository and can be downloaded for free by the purchaser of the book. We are happy to announce another feature ‘the electronic book’ version of Paediatric Bronchoscopy,  which was first tested in the most recent volume 37 of the series, Clinical Chest Ultrasound,  and generated a lot of interest. This virtual book gives the reader the option to read the whole text on the screen and read it by actually turning the pages, or directly jump to a certain chapter or illustration. Quite a revolution, which – I am sure - will appeal to many readers!

True to the spirit of the series, Paediatric Bronchoscopy is not just another textbook but has its emphasis on the most modern technical developments in and approaches to the art of bronchoscopy in children. Among other things this is reflected in all chapters having the latest references available incorporated.

Finally a big thank you to the production team at Karger, led by Thomas Nold, Linda Haas and Stefan Sessler, who have supported authors, editors and myself to bring out another state-of-the-art book in Progress in Respiratory Research. Enjoy it in print or on your screen!

C.T. Bolliger Cape Town
 
 

Preface

Bronchoscopy has come a long way since the times of Gustav Killian, who in 1897 used a rigid hollow tube and with the help of a headlight inspected the airways of cadavers. It has also markedly advanced from the times of Chevalier Jackson, who introduced both the illuminated endoscope and the practice of interventional endoscopy by removing foreign bodies from the oesophagus and the airway (although it has been rather difficult to surpass his reported success rate of 98% and the reduction of mortality from 24 to 2%). It has also been a long way since 1967 when the flexible fibre-optic bronchoscope was introduced in adult pulmonary medicine. At the time, nobody thought that the technique would ever be applicable to children because in addition to the lack of appropriate equipment there were no paediatric pulmonologists who would demand it and perform the procedure.

In this respect, the history of flexible bronchoscopy in children mirrors the development of paediatric pulmonology itself. The introduction, in 1980, of a flexible fibre-optic bronchoscope small enough to allow the inspection of the airways of small infants and children by Robert E. Wood (then at Case Western Reserve University and later at the University of North Carolina, Chapel Hill) provided not only a new diagnostic tool, but also helped define the new subspecialty of paediatric pulmonology. Almost 30 years later, flexible bronchoscopy has become one of the core components of paediatric pulmonary training around the world and an indispensable tool of clinical practice and research.

The aim of the current volume in the series Progress in Respiratory Research  is to provide the interested reader with a comprehensive review and insight into paediatric bronchoscopy. Although it is the first on this subject in the English literature, it is not intended to be a classical ‘textbook’ but rather a ’state-of-the-art review’ on specific clinical and research topics on the subject. Both the introductory and closing chapters emphasize a view of what is anticipated for the future regarding the application of this technique.

The book is divided into three sections. The first section covers a wide spectrum of technical issues regarding the preparation for and the performance of flexible bronchoscopy, ranging from common applications such as bronchoalveolar lavage to the less common such as bronchial biopsy, interventional bronchoscopy and total-lung lavage. Separate chapters also present an in-depth review of the two major alternatives to flexible bronchoscopy, i.e. rigid bronchos-copy and ‘virtual’ bronchoscopy.

The second section of the book is devoted to the bronchoscopic appearance of the normal upper and lower airways as well as congenital and acquired abnormalities.

The third section deals with the application of paediatric bronchoscopy in specific clinical conditions including asthma, atelectasis and plastic bronchitis, cystic fibrosis and other chronic suppurative lung diseases, endobron-chial tuberculosis, chronic cough, lung transplantation and immunosuppression.

An innovation of the book series - born out of the belief that ‘if a picture is worth a thousand words, a video speaks volumes’ - is to include videos that can be seen online. Thus, 48 online original videos covering a large spectrum of airway pathology have been contributed by the authors of the book and greatly enhance the understanding of paediatric bronchoscopy (see online supplementary material, www.karger.com/PRR038_suppl).

Selecting the contributors among the many qualified candidates was a special challenge for the editors. In the end, it was felt that since the book is intended for an international audience, it was best to be written by an international panel of experts, thus providing multiple points of view and not just the ways of one institution or one country. We are grateful to all the authors for their effort, time and efficiency in this endeavour.

[image: Img]

We are also indebted to the publisher, S. Karger AG, Switzerland, for adopting and supporting this project. Special thanks and gratitude go to the Series Editor, Prof. Chris Bolliger, for his ‘tough love’ and open-minded leadership that kept us in line throughout the process. Last but not least, we are grateful to the unsung heroes of every publication in the series, Mr. Thomas Nold and Mr. Stefan Sessler, for their technical advice, and Ms. Linda Haas, for her diligence, efficiency and incredible patience throughout this project.

With a great sigh of relief for reaching the end and satisfaction for the finished product,



Kostas N. Priftis, Michael B. Anthracopoulos, Ernst Eber,
 Anastassios C. Koumbourlis, Robert E. Wood
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______________________

Introduction

Andrew Bush

Paediatric Respirology, Imperial School of Medicine at National Heart and Lung Institute, and Department of Paediatric Respiratory Medicine, Royal Brompton Hospital, London, UK

Sutton was an American bank robber, who, when asked why he robbed banks, replied ‘because that is where the money is’. He thus gave us ‘Sutton's law’, and ever since then wise doctors have targeted their investigations in accord with that law, to go where the money is to be found. Since a large number of common diseases affect the airways, bronchoscopy is the tool which above all enables us to find out what is going on in airway disease, and the use of the procedure is ever increasing. The purpose of this introductory chapter is to give an overview of the scope of bronchoscopy; the details will be fleshed out in subsequent chapters.

The Key Requirements

The Bronchoscopist

Training in bronchoscopy continues all one's professional life; learning never ceases. Before setting up in independent practice, the bronchoscopist needs to acquire a thorough 3-dimensional knowledge of normal anatomy, from the tip of the nose to the lobar and segmental bronchi, together with the common normal variants (fig. 1). Furthermore, the bronchoscopist must have acquired the manual dexterity to manipulate the bronchoscope rapidly and safely along the course of the airway, and perform at least bronchoalveolar lavage (BAL), but also any other procedures being contemplated. Most bronchoscopists learn these skills on airway phantoms, animals, adult patients and finally while being carefully supervised during paediatric bronchoscopy. There is no real evidence as to how many procedures need to be performed before the individual can be considered competent; assessment on an individual basis is important. Mean times to perform procedures have been published (fig. 2) [1] and can serve as a valuable audit tool.

Finally, the bronchoscopist must have the humility to realize that discretion may be the better part of value. It is better to withdraw from the procedure and repeat it subsequently with a colleague (for example, a rigid bronchoscopist) than to get a diagnosis at the expense of serious destabilization of the child. For example, an endobronchial tumour may look tempting to biopsy (fig. 3), but severe bleeding may make control of the airway difficult unless a rigid bronchoscope is used.

The Bronchoscopy Team

Depending on what samples are being taken, the bronchoscopist will need at least one assistant and often more. These should be experienced people, who know in advance what is expected of them, and can respond rapidly to requests for equipment and process samples appropriately. Whether the team consists of nurses, technicians or respiratory therapists will depend on local practice. The main requirement is experience and competence.

The Anaesthetic Team

Increasingly, fibre-optic bronchoscopy is performed under general anaesthesia rather than sedation. If sedation is to be used, guidelines mandate that the standard of monitoring is at least as good as for an anaesthetized patient, which includes the presence of senior personnel whose role is solely the monitoring of the child [2]. General anaesthesia is my preferred option. Modern anaesthetic agents allow speedy induction of anaesthesia, complete amnesia and rapid recovery. The procedure needs to be discussed in detail with the anaesthetic team in advance - there is no point in trying to assess airway dynamics in an intubated, paralysed child. The anaesthetist needs to be very experienced. The fibre-optic bronchoscope will obstruct a large portion of the airway [3-5], the child may be critically unstable, and a light anaesthetic allowing the child to breathe spontaneously may be required. We have no particular anaesthetic protocol, and in particular whether induction of anaesthesia is by inhalation or intravenous injection is left to the anaesthetist. It is important to stress to the family that, although the child should be encouraged to express preferences, the final word on how best to anaesthetize the child belongs not with the bronchoscopist, child or family, but is the sole prerogative of the anaesthetic team. The anaesthetist is also solely responsible for the safety of the child during the procedure and has the absolute authority to halt the procedure if the child is compromised. The bronchoscopist, no matter how senior, cannot be trusted simultaneously to perform the procedure and monitor the child's condition, because of the phenomenon of ‘bronchoscopists's hypnosis’ [6]. The one exception to the rule that the anaesthetist is always in charge is that a local anaesthetic should not be applied to the vocal cords before they are inspected if laryngomalacia is a possible diagnosis, because lignocaine can exaggerate the severity of this condition [7].

The Key Question: Why?

There are numerous ways of performing a bronchoscopy, and the most appropriate technique will depend upon the question being asked. The procedure should be discussed in detail with the anaesthetic team; for example, a child with stridor will need to be breathing spontaneously, and the bronchoscope will have to be passed through the nose to traverse the whole length of the respiratory tract (fig. 4). On the other hand, the immunocompromised, febrile child may be better served by being intubated for a swift diagnostic BAL. The child being bronchoscoped for haemoptysis should first have the lower airway inspected through a laryngeal mask, and only when this has been done, and a BAL performed, is the laryngeal airway mask removed and the upper airway inspected. This routine is to prevent lower airway contamination from iatrogenic upper airway bleeding.

When the procedure has been planned in detail, it is also important to return to the question of risk, which should not merely include the risk of doing the procedure, but the risks of not  doing it. If the information is important, and can only be obtained by bronchoscopy, then the benefits justify the risks. Chevalier Jackson, the father figure of bronchoscopy, once famously but fatuously remarked that if doubt existed whether a bronchoscopy should be performed, then a bronchoscopy ought to be performed. There have been frequent occasions when I have been in doubt about the performance of bronchoscopy, and subsequent events have made me glad that the doubts won the day.
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Fig. 1. Trifurcation of the trachea at the carina, due to a ‘pig bronchus’. This is a normal variant usually of no clinical consequence.
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Fig. 2. Range of times spent performing different bronchoscopic procedures, reproduced with permission from Pediatr Pulmonol 2009;44:76-79. Bx = Endobronchial biopsy.
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Fig. 3. There is a large endobronchial tumour protruding into the left main bronchus. Biopsy was performed with a rigid bronchoscope, which enabled safe control of the ensuing brisk haemorrhage.
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Fig. 4. a Normal true and false cords seen from above (the top is posterior). b There is severe subglottic stenosis secondary to previous intubation, viewed through a fibre-optic bronchoscope from above (the top is anterior). It is important not to try to advance the bronchoscope beyond the obstruction because of the risk of secondary haemorrhage and oedema causing complete airway obstruction.

The Specimens: Preplanning

Specimens obtained from bronchoscopy potentially include bronchial washings, BAL fluid, brush biopsy, endobronchial biopsy and transbronchial biopsy. Merely obtaining the samples is not an end in itself; there is no benefit in the most carefully obtained samples if they are not adequately processed. It is essential that all samples are rapidly transferred to the laboratory; there are no prizes for leaving precious samples in an out tray over the weekend. Some tests need to be discussed with the microbiology laboratory in advance so that the appropriate tests can be carried out at a time when the laboratory can receive the specimens.

Biopsy material may be used in multiple ways, and this should be discussed in advance. Material may need to be cultured if endobronchial tuberculosis or Aspergillus fumigatus  is suspected. Different histological techniques may require biopsies to be snap-frozen, put in glutaraldehyde or sent fresh to the laboratory; putting the material in formalin and routinely transporting it to the laboratory is not appropriate. This is another area where preplanning is essential.

The Procedure: Having a Good Look

Inspection of the airways is routine, but other imaging procedures may be considered. The equipment used by adult pulmonologists for endobronchial ultrasound is too bulky at the moment to be used in children, but undoubtedly advances in technology will soon result in miniaturized devices, which should allow us to assess lymphadenopathy or confirm the presence of complete cartilage rings. Bronchography to diagnose bronchiectasis has passed into history, but the use of very low volumes of water-soluble contrast medium permits dynamic airway imaging (fig. 5) [8, 9]. However, it is likely that dynamic CT and MRI scanning and ‘virtual bronchoscopy’ may increasingly be used if imaging the airway is the only point of the procedure. Bronchoscopy will of course still be needed if specimen collection is to form part of the procedure.

The Procedure: Taking the Specimens

This is discussed in much more detail in specific chapters, but some general principles are given here. BAL is usually the first investigation to be performed, to avoid contamination from bleeding after brushing or biopsy. However, residual airway fluid may make endobronchial biopsy more difficult. It is worth considering therefore doing the lavage and the other procedures on opposite sides, if this is compatible with clinical needs.

Although pneumothorax is virtually unheard of after airway brushing or endobronchial biopsy, it is wise in my view to use only one side and never to do bilateral invasive procedures. This is most certainly true for transbronchial biopsy if it is to be performed. Since all 3 invasive procedures (airway brushing, endobronchial and transbronchial biopsy) can cause bleeding which may compromise further sampling, the order should be prioritized on an individual basis. For example, if endobronchial tuberculosis or another infection is suspected (fig. 6), my practice is to do a brush biopsy first and then endobronchial biopsy. If these are research procedures, then priority depends on the protocol.

[image: Img]

Fig. 5. Bronchogram performed with a low volume of water-soluble contrast medium. There is narrowing of the trachea due to complete cartilage rings. Contrast the tracheal diameter with that of the main bronchi.

[image: Img]

Fig. 6. a There is a thick purulent exudate adhering to the airway in this immunocom-promised child. b Brush biopsy from the same child. There are the typical branching hyphae of A. fumigatus. The diagnosis was invasive aspergillosis.

The Procedure: Treatment as Well as Diagnosis

Increasing numbers of diagnoses in the fields of congenital and acquired airway disease are made bronchoscopically, but probably the main growth area in the next few years will be therapeutic bronchoscopy. Perhaps the commonest is endobronchial toilet, with removal of mucus plugs under direct vision. On occasion, they may be so large that the whole bronchoscope needs to be removed with the plug hanging off the end. Suction may be supplemented by instillation of recombinant human deoxyribonuclease under direct vision [10, 11]. Other treatments include airway stenting, endobronchial laser therapy and foreign-body removal. It is intriguing to speculate how advances in technology including 3-dimensional image guidance may allow precisely targeted, endobronchial therapy.

The Procedure: Worth Doing Anything Else?

As a general principle, it is worth considering whether there is any other procedure which does not of itself merit an anaesthetic, but is sufficiently disagreeable that it should be performed if the child has been anaesthetized for a bronchoscopy. Examples would include passing a pH probe, nasal brush biopsy for ciliary studies and intramuscular injection of triamcinolone in severe asthma [12]. Conversely, if a child with an airway problem is being anesthetized for another procedure, it is worth considering whether a bronchoscopy should be performed under the same anaesthetic. Trying to maximize the information obtained when something invasive is being done to a child is a good principle under all circumstances.

[image: Img]

Fig. 7. Performance of endobronchial biopsy. a The biopsy forceps are grasping a subcarina. b Typical pinch biopsy obtained (2-mm biopsy channel).

The Procedure: Research Implications?

The principles of research in children are very clear [13]. Any procedure of more than minimal risk cannot be carried out purely for research purposes in a child. Bronchoscopy is clearly of more than minimal risk and thus can only be carried out if the individual child will derive benefit from the procedure; even if a parent or carer wishes the child to have a purely research bronchoscopy, this is not permissible. This is quite different from the situation in adults, where paying volunteers to be bronchoscoped is completely acceptable. However, what is not only permissible but actively desirable is to maximize the opportunities offered by bronchoscopy to obtain specimens for research [14]. The protocols must have been deemed scientifically valid by independent peer review, and have received approval from the ethics committee, the consent of parent and carers, and age-appropriate assent of the child. The samples should also be obtained by the most experienced bronchoscopist; this is not an appropriate training exercise. The anaesthetist should act as the guarantor of the integrity of the investigations and should stop the research component of the procedure if there is any risk due to unanticipated instability of the child.

What samples can legitimately be taken as a research procedure? Firstly, few would argue against the use for research of material that is left over after clinical tests have been performed, provided the conditions above have been met. In adult practice, BAL, endobronchial biopsy and bronchial brush biopsy are all considered low-risk procedures and are routinely performed for research. Although there has been controversy in particular about endobronchial biopsy [15-18] (fig. 7), most would think these procedures are legitimate for research in children, in the course of a clinically indicated bronchoscopy. The complication rate of transbronchial biopsy is not trivial [19], and I do not believe it is ever legitimate to undertake this procedure purely for research, during a bronchoscopy in which the procedure would not have been undertaken for clinical reasons.

The Procedure: Special Situations

Neonatal and Paediatric Intensive-Care Units

The added risks of bronchoscopy in intensive-care units have been summarized. The performance of a bronchoscopy in an already intubated child is deceptively easy but by definition these children are critically ill and may be easy to destabilize [20-22]. Depending on the patient group, important diagnoses were made in 44-90% of the patients [22, 23], and bronchoscopy represents an opportunity for therapy (as indicated above). However, if samples to rule out infection are all that is required, a blind BAL may be a safer, no less adequate technique.

There is one circumstance when bronchoscopy in the intensive-care unit is not indicated, and that is to assess the airway at the time of planned extubation ‘while we take out the tube’. No useful purpose will be served by trying to inspect the airway as a vigorous child is making energetic respiratory efforts. The requirements of the intensivist and bronchoscopist are totally different; the former needs an active, non-sedated child, the latter an unhurried opportunity to assess the airway. It is much better to anaesthetize the child, have the anaesthetist remove the endotracheal tube while the airway is inspected, and then, if conditions for extubation look favourable, the child is either allowed to wake up extubated or is re-intubated, returned to the intensive-care unit and extubated when the effects of the anaesthetic have worn off.
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Fig. 8. CT scan appearances several hours after a BAL. There is atelectasis of the lateral segment of the right middle lobe, which is an area of disordered gas exchange which can contribute to hypoxaemia for up to 24 h.
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Fig. 9. a The chest radiograph in this immunocompromised child shows diffuse ground glass shadowing. The appearances are nonspecific, and the differential diagnosis includes opportunistic infection and pulmonary drug toxicity. b Same case, silver stain of BAL. The diagnosis is Pneumocystis jiroveci  pneumonia. c BAL in another immunocompromised child shows the owl's eye cells of cytomegalovirus pneumonitis.
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Fig. 10. Perls’ stain of BAL. There are hae-mosiderin-laden macrophages due to previous pulmonary haemorrhage. These findings cannot distinguish idiopathic pulmonary haemosiderosis from secondary causes of pulmonary haemorrhage.
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Fig. 11. a The CT scan in a child with ILD shows widespread nodular shadowing. b The transbronchial biopsy is diagnostic of alveolar microlithiasis. There are abundant calcospherites (black arrow) lying both within alveolar spaces and the interstitium. Many of them have fractured during cutting due to their hard nature (white arrow).

Interstitial Lung Disease

In childhood interstitial lung disease (ILD), the role of bronchoscopy is much less clear than in adult ILD. If opportunistic infection is thought likely, flexible bronchoscopy and BAL constitute the next choice investigation [24] (fig. 9). A few specific diagnoses may be made on BAL (fig. 10). There are far fewer paediatric data to allow other ILDs to be diagnosed on BAL cytology, unlike in adults. Transbronchial biopsy has only a limited role because the samples obtained are very small. It may be diagnostic if the suspected ILD has very specific and focal features, which are uniformly distributed within the lung (fig. 11). Bronchoscopy is only likely to

be diagnostic in a very small number of children with ILD, and most would use open lung biopsy for the diagnosis. For research purposes, flexible bronchoscopy and BAL should be performed under the same anaesthetic to compare cytology with biopsy, with the hope that eventually we will be able to reduce the number of surgical biopsies that need to be performed.

And Afterwards?

Excellent postprocedure care is mandatory and just as important as the excitement of performing the procedure. Straightforward cases are able to be sent home on the day of the procedure. Even these children need careful monitoring of level of consciousness, oxygenation and blood pressure at the very least until they are fully awake. Admission of the patient for observation to an intensive-care unit should be considered in cases with a high probability of postoperative complications, e.g. infants with severe stridor and immunosuppressed children with rapidly evolving hypoxaemia. Postprocedure care should be planned just as carefully as the procedure itself.

Bronchoscopy: The Future

Modern medicine has reached a degree of sophistication that could not have been dreamed of years ago. With this have come novel iatrogenic problems, side effects of medications (such as the dramatic cytokine storm with the anti-CD28 monoclonal antibody TGN1412 [25]) and the complications of sophisticated procedures. Thus, the bronchoscopist must be alert to detect new airway diseases. An example is the complete tracheal infarction complicating unifocalization (an operation in which a pulmonary arterial trunk is created by stripping off and anastomosing bronchial arteries from the airway in children with complex congenital heart disease (fig. 12) [26].

Modern technology is becoming more sophisticated. Adult bronchoscopists are treating emphysema by inserting endobronchial valves and diagnosing the causes of lymphadenopathy by endobronchial-ultrasound-directed fine-needle aspiration. It is only a matter of time before these and other procedures become available for small children. The challenge will be to use them wisely; the feasibility of a procedure is not necessarily the best indication for its performance.
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Fig. 12. Tracheal wall necrosis from infarction.

Bronchoscopy: Summary and Conclusions

It is likely that the bronchoscope will become ever more versatile in terms of diagnostic and therapeutic interventions. However, the key principles of careful planning and discussion beforehand, meticulous execution during the procedure, and skilled aftercare of the child and analysis of the samples will remain important. Of these, careful thought and planning are the most important; time spent in reconnaissance is seldom wasted.
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Abstract

Bronchoscopic equipment is expensive and must be properly maintained. Sufficient initial outlay is required to provide adequate backup equipment. Modern hybrid bronchofibrevideoscopes combine digital technology with fibre-optic glass rods to produce an instrument that is small enough for use in children. These provide extremely clear images which can be digitally recorded and reproduced. A workstation is required to hold the ancillary equipment-flat-screen monitor, light source and video processor. Extra equipment is required for cleaning and disinfecting the bronchoscopes and their removable parts, and a proper storage space is necessary.
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Any hospital planning to set up a bronchoscopy service must be aware that this will require a significant start-up financial outlay. There will also be routine maintenance costs (e.g. cleaning, replacement of disposable parts) as well as occasional repair costs, which can be expensive if a bronchoscope is broken.

Flexible Bronchoscopes

It is important to have sufficient bronchoscopes to ensure that logistical problems are not encountered whilst servicing or repairs are being carried out. Occasionally a bronchoscope (or more usually its suction channel) malfunctions during a procedure itself, hence the need for a standby bronchoscope. Unfortunately some units may have difficulty with this due to the prohibitive price of bronchoscopes, which cost in the range of GBP 20,000.

There are several types of bronchoscopes available for paediatric use. Clearly the size of the bronchoscope used is dependent on the size of the airways (and hence the size of the child). In younger children, the smallest bronchoscope available should be used, in order to reduce blockage of the airway and minimize local trauma. The exception is if an endobronchial biopsy is to be performed, in which case it is better to use an instrument with the biggest available biopsy channel, provided that it is safe for the child [1]. The manufacturers usually describe the bronchoscope by the diameter of the distal tip; however, this is not always the maximum diameter of the bronchoscope. A small study has shown a discrepancy between the stated external diameter (of the tip) and the maximum diameter of the insertion tube that ranged from 0.19 to 0.66 mm, with a mean of 0.41 mm [2]. This is only likely to be relevant when a bronchoscope is used down an endotracheal tube (ETT) in a small child when the size is critical. In general, the larger the bronchoscope, the better the image obtained but even the smaller ones allow remarkably good views, with a 120-degree field of view. The image from the standard bronchofibrescopes is never as clear as that obtained by rigid bronchoscopes with their Hopkins rod lens telescopes. These are invariably the images found in textbooks, which can mislead trainees who need to be able to perform a bronchoscopy with suboptimal views. Since the advent of the hybrid bronchofibrevideo-scopes and bronchovideoscopes however, pictures can be as clear as those obtained with rigid bronchoscopes.

If the bronchoscope is being inserted down an ETT for general anaesthesia with assisted breathing, its size is critical as it partially blocks the ETT. This means a relatively smaller bronchoscope may need to be used for the size of the child, compared to inserting it via a laryngeal mask or down the nose via a facemask (table 1). The proportion of the cross-sectional area that the bronchoscope blocks can be calculated from this formula: [1 - (bronchoscope radius2/ ETT radius2) × 100]. Hence a 3.6-mm bronchoscope down a 5-mm ETT blocks 48% of the potential space for airflow. Generally the ETT internal diameter needs to be at least 1 mm greater than the external diameter of the bronchoscope [3; chapter 5, this vol., pp. 54-63].

Table 1. Sizes of flexible bronchoscopes that can be passed safely down differently sized ETTs, along with typical ages of relevant patients



	
Bronchoscope external diameter

	
ETT internal diameter

	
Size of patient



	
2.2 mm

	
3.0- 3.5 mm

	
premature neonate



	
2.8 mm

	
4.0 mm

	
term neonate



	
3.6 mm

	
5.0 mm

	
small child (3-4 years)



	
4.0 mm

	
5.5 mm

	
child 4-8 years



	
4.9 mm

	
6.0 mm

	
child over 8 years



Table 2. Bronchofibrescopes
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The smallest (Olympus) neonatal 2.2-mm bronchoscope has no suction channel, and its use has been limited since the advent of the 2.8-mm bronchoscope (with a 1.2-mm suction channel). Nevertheless, it may be used in a ventilated neonate with a 3-mm ETT in whom visualization of the airways is essential. The neonatal bronchoscope can only be used for a visual inspection, as lavage cannot be performed, but this can be hampered if mucus settles on the lens and obscures vision as it can usually not be cleared unless the whole scope is removed and wiped. In addition, the 2.2-mm bronchoscope is fragile and breaks easily.

The 1.2-mm suction/instrument channel is usually adequate for lavage and suction, the exception being when the secretions and mucus are excessively thick or sticky, as is typically found in children with more advanced cystic fibrosis lung disease. The larger 2-mm channel is also more useful when trying to suction up mucus plugs that have been blocking an airway. Excellent-quality biopsies can be obtained with 2-mm forceps that fit down the 2-mm working channel; reasonable biopsies can also be obtained from the smaller 1-mm forceps that fit the 1.2-mm channel but the procedure is more difficult and the biopsies are really quite small, hence often of poorer quality [4]. Lasers can be used in bronchoscopes with suction/ instrument channels of 2 mm and above, and ultrasonic probes in the 2.8-mm channel and above. These technologies are not usually employed in children [chapter 4, this vol., pp. 42-53].

[image: Img]

Fig. 1. Bronchofibrescope with 3.6-mm outside diameter.

Table 3. Hybrid bronchofibrevideoscopes manufactured by Olympus
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The principal manufacturers of paediatric bronchoscopes are Olympus and Pentax, and details of their available equipment are best seen on their respective websites (www. keymed.co.uk or www.olympusamerica.com; www.pentax.co.uk or www.pentaxmedical.com). Product information is accurate at the time of writing this chapter.

Bronchofibrescope

This is the classic fibre-optic bronchoscope (table 2, fig. 1) in which light and hence the image travels along extremely fine glass fibres (also known as image guide fibres or fibreoptic rods).

Hybrid Bronchofibrevideoscope

This has a built-in charge-coupled device in the control section and thus combines video and fibre-optic technology (table 3, fig. 2). This allows use of video technology in a smaller bronchoscope. The newer technology produces larger, clearer and brighter images, and there is an automatic focus and light adjustment. These scopes are also much lighter in weight and hence easier to handle.

[image: Img]

Fig. 2. Hybrid bronchofibrevideoscope with 4.0-mm outside diameter.

Bronchovideoscope

These are generally larger bronchoscopes (table 4) as the charge-coupled device is incorporated into the distal end of the instrument (‘chip in the tip’); they do not contain glass fibre rods.

Battery-Powered Bronchoscopes

Pentax make portable ‘bedside’ fibreoptic bronchoscopes (FB series) that run off a self-contained battery-powered light source. They can also be attached to a standard light source (table 5).

Intubation Bronchoscopes

Finally, Pentax make a series of fibreoptic intubation endoscopes for anaesthetists (FI series). The smallest is 2.4 mm but has no suction channel.

Table 4. Bronchovideoscopes
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Table 5. Battery-powered bronchoscopes manufactured by Pentax
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Hence to take advantage of the better images obtained by digital video technology, paediatricians will need to use the Olympus hybrid 2.8- and 4.0-mm bronchoscopes, or the Pentax 3.7- and 5.1-mm bronchoscopes.

Bronchoscope Components

The bronchoscope attaches to the light source and video processor from a fixed lead that comes off the control section (proximal part of bronchoscope). The eyepiece (on bronchofibrescopes) is at the tip of this part, and when attached to a TV monitor an attachment locks onto the eyepiece with a bayonet mount. A manual focus button is on this attachment as well as remote control buttons that can be used to control video recording and still pictures. Hybrid and videoscopes do not require this attachment, and the buttons to control recording are just distal to the suction valve; focus is automatic, so there is no separate control button.

The suction valve is sited on the control section (convenient for the index finger) but can be taken off to be autoclaved. Stand-alone suction pumps (or wall suction) connect to the valve with disposable suction tubing.

Lower down this section is the biopsy port, through which lavage fluid, biopsy forceps and brushes are inserted.

The control section also has the lever (convenient for the thumb) which controls the distal tip of the bronchoscope; this allows a bending angle upwards of 180° and downwards of 130°. The Pentax K series (3.7 and 5.1 mm) bronchoscopes have an extended upward angulation of 210°.

On the distal tip of the bronchoscope there are the objective lens, light guide (2 of these in larger instruments) and instrument/suction channel (fig. 3). In the adult large videoscopes, the charge-coupled device is located on the tip as well.

Bronchoscopy ‘Tower’

The workstation holds all the ancillary electronic equipment, which is specific to the manufacturer of the bronchoscope (fig. 4).

A bright light source is essential (unless using the battery-operated Pentax bronchoscopes).

A video system centre (a multifunction processor) is available for use with hybrid and videoscopes. A keyboard is attached to put in patient details etc.
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Fig. 3. Distal tips of hybrid bronchofibrevideoscopes. On the left is the tip of a 2.8-mm bronchoscope with suction/instrument channel (a), objective lens (b) and light guide (c). On the right is the tip of a 4.0-mm bronchoscope which has 2 light guides (c).
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Fig. 4. Workstation with ancillary electronic equipment. From the top down are shown: the flat-screen LCD monitor, the keyboard for data entry, light source, video processor and photo printer.

There is a colour video monitor or high-definition flat-screen LCD monitor. With the standard bronchofibrescopes, the bronchoscopy can be performed with the operator using the eyepiece, which gives a surprisingly clear (albeit small) picture. However, with hybrid and videoscopes, a high-definition monitor is needed to see the images. This has the advantage of allowing others to watch the procedure at the same time, and a large clear image is helpful for the bronchoscopist.

An adaptor is available so that the older bronchofibrescopes can be attached to the newer video monitoring system (backward compatibility); this locks over the eyepiece with a bayonet mount. This is useful when changing over to the newer system as older bronchoscopes can still be used, although it makes them somewhat top heavy and unbalanced.

Recording equipment is essential to be able to record all procedures. This allows review with colleagues (useful if the findings are complex or for discussion with surgeons), review if the procedure is being repeated at a later date, use in teaching sessions and as an aid for potential medicolegal issues. It can also be helpful for demonstrating findings to parents and patients when necessary. The videoscopes record onto CD-ROMs, but the older systems utilize a digital tape recorder or standard video tape recorder. The CD-ROMs are particularly useful as bronchoscopy clips can be stored on a hard drive and are easily inserted into presentation software for teaching purposes.

Colour video printers are also available to produce instant colour images, which can be helpful for explaining findings to parents and are also useful for recording results in notes and for sending to referring centres.
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Fig. 5. Tip of cytology brush, shown outside its sheath.
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Fig. 6. Ends of endobronchial biopsy forceps. a Reusable cupped forceps that fit down a 1.2-mm instrument channel. b Disposable swing jaw forceps that fit down a 2-mm channel.

Equipment for Procedures

Equipment for bronchoalveolar lavage is simple but must all be sterile. It includes a bag of 0.9% normal saline, a jug/ container for the saline, syringes (10 or 20 ml) and sputum traps that connect to the suction valve [chapter 3, this vol., pp. 30-41].

Cytology brushes (fig. 5) are disposable, and for the larger bronchoscopes with 2-mm channels, brushes can be used that have a sheath to withdraw the brush into during insertion and removal of the brush from the instrument channel. For the bronchoscope with a 1.2-mm working channel, a single-use unsheathed brush is available [chapter 4, this vol., pp. 42-53].

Biopsy forceps can be used for endobronchial mucosal biopsies under direct vision and transbronchial biopsies under radiological image intensifier control. There are a number of types including single-use disposable or reusable ones. Although disposable forceps are more expensive, the reusable ones become blunt with time and hence less efficient; the reusable forceps must also be autoclaved. There are a number of tips available, including smooth oval cup forceps (with or without a needle), alligator jaw forceps and rat tooth forceps; the smallest size (for the 1.2-mm channel) only come as reusable ones (fig. 6). The tip of the forceps is visible at a minimum distance of 5 mm from the distal end of the scope and 3 mm in smaller scopes. The 2-mm forceps come in a low-friction sheath that makes them easier to pass down the instrument channel, especially when there is an acute bend at the distal end of the scope [chapter 4, this vol., pp. 42-53].

In adult bronchoscopy, aspiration needles, grasping forceps (for foreign bodies), balloon catheters, electrosurgical and laser attachments, and ultrasonic probes are also available. In paediatric practice, use of endobronchial ultrasound has been described [5]. There is a 1.2-mm diameter 20-MHz endobronchial ultrasound probe (UM-S20-17S, Olympus, Tokyo, Japan) which is placed inside a 1.7-mm plastic guide sheath. This can then be passed down a 2-mm instrument channel (for relevantly sized bronchoscopes, see tables 2 and 4) to perform radial probe endobronchial ultrasound in order to localize peripheral lung lesions. Use of linear probe endobronchial ultrasound to sample hilar and mediastinal lymph nodes requires a specific bronchoscope (Olympus BF-UC160F-OL8) which has a 6.9-mm external maximum diameter, so this is limited to older children who are large enough (usually weighing >50 kg) for an 8-mm ETT.

The Trolley

A trolley is useful for the accessory equipment needed. Ours is set up to contain: jug with room temperature 0.9% (normal) saline, which is used to fill the syringes for lavage and also to suction up through the bronchoscope at the end of the procedure to clear the suction channel prior to full cleaning; 10- or 20-ml syringes for inserting saline lavage fluid; sputum traps for the lavage; sterile gauze swabs; lubricant jelly for the distal end of the bronchoscope; alcohol wipe for the tip of the scope; brushes and forceps; containers for brushings/biopsies; sterile gloves.

We also keep percutaneoulsy inserted central catheters (long lines) and an assortment of blood bottles as we take advantage of the general anaesthesia to perform venepuncture and insert a long line if the child needs intravenous antibiotics following the procedure.

Bronchoscopic Logs

It is important to carefully record the results from the procedure, including normal findings, in addition to whether lavage and biopsies were performed, as well as any complications that might have occurred. Whilst this would be best done electronically, we still record this by hand on a paper proforma that is in duplicate (Appendix). Ideally a department will also keep an electronic database of all bronchoscopies performed.

Consent Form

This is obviously mandatory and it is best to use procedure-specific forms for parents and/or the patient to sign. This should outline the procedure itself (detailing what happens before, during and after the bronchoscopy), as well as benefits, complications and risks. Consent should also include bronchoalveolar lavage as well as biopsy and brushings. There should be a separate section for any research use that may be made from surplus material (lavage fluid, biopsies), including whether material will be stored for future use. Finally it should be made clear that an electronic recording of the procedure is made that may be used for training (once anonymized). Consequently, our consent form is 7 pages long.

Models for Training

It is useful for any department involved in training to have a model that trainees can practise on. Models of the whole head/neck and lungs exist, as do latex casts of the airways. Some anatomical models are available from Adam Rouilly Ltd. (www.adam-rouilly.co.uk). Bronchoscopic simulator training models can also be useful [6].

Cleaning Equipment

Detailed information on cleaning and disinfecting equipment should be obtained from the manufacturer of the bronchoscopes that a department owns. Adherence to recommendations is critical to avoid cross-infection and contamination of lavage samples that could lead to false-positive microbiological results [7]. Equipment will include brushes (e.g. channel-cleaning and port-cleaning), detergents, disinfectants and 70% ethyl or isopropyl alcohol to assist drying. A leakage testing device is also used, and if the test is not satisfactory, the bronchoscope should not be immersed in the cleaning fluids but must be sent back to the manufacturer [4]. Bronchoscopes are best stored hanging in a purpose-built ventilated cupboard and should not be kept in their carrying cases as the foam fillings in the cases can harbour bacteria.

Instructions on cleaning flexible bronchoscopes issued by KeyMed (Medical & Industrial Equipment) Ltd. takes the form of 10 steps:

1 Take a secure hold of the endoscope and wipe down the insertion tube with a neutral detergent solution using a soft cloth or gauze square

2 Depress the suction valve and with the tip of the bronchoscope immersed, suck up some of the detergent solution through its channel

3 Remove all valves and adaptors for separate cleaning; disconnect the bronchoscope from the light source, video processor (if applicable) and suction pump

4 Perform a leakage test on the bronchoscope; in the case of videoscopes, the waterproof cap must be attached prior to full immersion

5 Immerse the bronchoscope fully in a neutral detergent solution and use the port cleaning brush (MH-507) to clean the biopsy port opening, suction port opening and also to carefully clean the distal end of the bronchoscope

6 Pass the channel cleaning brush through (a) the biopsy port and down the insertion tube, (b) the suction port and down the insertion tube, (c) through the suction connector and control body (if applicable); it is important to clean the brush head each time it emerges from the endoscope

7 Immerse endoscope and irrigate channels with (a) detergent, (b) disinfectant, (c) water; it is important to ensure adequate irrigation/contact times

8 Dry the external surface of the endoscope; the use of an alcohol wipe is recommended to assist in the drying process

9 Remove residual fluid from the channel; the use of a little 70% ethyl or isopropyl alcohol is recommended to assist in the drying process

10 Hang the bronchoscope in a ventilated cupboard
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Fig. 7. Rigid paediatric bronchoscope.

Table 6.  Suitable sizes of Storz bronchoscopes by age of child with normal-sized airways

[image: image]

Rigid Bronchoscopes

The most widely available range of paediatric bronchoscopes is manufactured by Karl Storz(www.karlstorz.com). The appropriate size of bronchoscope depends on the child's age (table 6), but if a subglottic (or tracheal) stenosis is suspected, the size of the bronchoscope may be reduced by 1 or 2 sizes [chapter 8, this vol., pp. 83-94].

The bronchoscope has 6 main parts (fig. 7):

• Body:  age-appropriate size (and length); may have side ports for improved ventilation but these may not be appropriate in the presence of a tracheal stenosis or inflammatory disorder as the edge of the side ports may traumatize the trachea; bronchoscopes without side ports are available or the side ports may be covered in tape

• Side arm:  for suction tubing and instrumentation (microforceps)

• Prismatic light deflector:  for illumination if naked eye and lens are used to main port; otherwise put at position 1 (the first stop on the port) to seal

• Bridge:  to stabilize the endoscope and seal the bronchoscope

• Endoscope:  usually attached to camera and monitor allowing others to observe the procedure

• Respirator port:  to attach to anaesthetic circuit

For safety, a full set of laryngoscopes and bronchoscopes should be available, to adapt to any circumstances encountered during the case.

Apart from a full range of bronchoscopes, the following should also be available:

• Optical forceps to remove any foreign bodies; these are a separate grasping instrument passed down the bronchoscope, with their own intrinsic 0-degree endoscope, giving an excellent view of the entrapment and withdrawal of the foreign body

• Biopsy forceps

• Bronchoscope-size-appropriate 0- and 30-degree endoscopes to give a range of views of the airway

Appendix

Proforma for recording results of bronchoscopy
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DOB = Date of birth; PICU = paediatric intensive-care unit; LMA = laryngeal mask airway; BAL = bronchoalveolar lavage; PICC = peripherally inserted central catheter;I M = intramuscular.
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Abstract

Appropriate sedation is important for a well-tolerated bronchoscopic procedure. Pre-assessment of the child is essential in order to anticipate potential difficulties and complications. The available techniques include conscious and deep sedation. Various protocols may be used during flexible bronchoscopy that entail the administration of a single oral or intravenous drug or drug combination (e.g. midazolam, meperidine, propofol, ketamine, remifentanyl), or inhalational agents (premixed nitrous oxide, sevoflurane). Whichever the choice of sedation and the technique of oxygen delivery (nasal prongs, face mask, laryngeal mask, endotracheal intubation), it is essential to maintain and preserve spontaneous ventilation. Controlled ventilation is often used during rigid bronchoscopy for foreign-body removal. The most frequent complication of sedation is hypoxaemia, either as an isolated problem or in association with laryngospasm and/or bronchospasm. Transcutaneous oxygen desaturation can be secondary to partial or total airway obstruction by the bronchoscope and/or depression due to sedation. Pre-operative detection of high-risk patients, administration of appropriate anaesthesia and monitoring of patients are essential for a successful procedure and help to minimize potential complications.

Copyright © 2010 S. Karger AG, Basel

Bronchoscopy has become an indispensable tool for the diagnosis and treatment of infants and children with respiratory disease. Since its introduction in the mid-70s, an increasing number of flexible bronchoscopies (FBs) are being performed each year. The diagnostic value of FB is now widely accepted: it can be used to visualize the lower airways directly and to take samples, particularly of bronchoalveolar lavage fluid by performing bronchoalveolar lavage during the procedure [1; chapter 3, this vol., pp. 30-41]. Its indications are hardly limited to exploring stridor, persistent atelectasis or recurrent pneumonia in ambulatory patients; more severely ill children, who are in an unstable respiratory status, may also require bronchoscopy [2], sometimes under mechanical ventilation, in neonatal or paediatric intensive-care units [chapter 5, this vol., pp. 54-63]. Performing a safe and successful examination and sampling of the airways depend on the experience and skill of the operator and on how well the child tolerates the procedure. This chapter discusses sedation in FB and, briefly, in rigid bronchoscopy (RB). The process of sedation includes various parts, which are intricate and interdependent. These may be artificially separated in 3 phases: (a) the prebronchoscopic procedures; (b) the sedation/anaesthesia period that involves the procedure itself, and (c) the postbronchoscopic period, i.e. the time during and after the awakening of the patient.

Prebronchoscopic Procedures

FB can be performed in a day care or an inpatient setting. Both the bronchoscopist and the anaesthetist should obtain a detailed history and perform a complete physical examination. Pre-operative assessment of the child is essential, including current respiratory status, medications and associated diseases. The ASA numerical scale, described by the American Society of Anaesthesiologists, is predictive of the peri-operative adverse events [3]. A written, fully informed consent should be obtained. The family and child (when age appropriate) should be offered detailed information on the procedure prior to admission. This should include the risks of the procedure and the likelihood that a particularly high-risk child may require postbronchoscopic care in an intensive or a high-dependency care unit. The anticipated anaesthesia or sedation of the patient and the need for intravenous access should also be discussed [1].

Fasting prior to the procedure is usually 4-6 h for milk and solids and 2 h for water. The need for premedication is at the discretion of the anaesthetist. In general, if adequate explanation is provided, it is unnecessary to administer sedative premedication as this may delay postprocedural recovery. However, if the child is distressed or unable to cooperate, premedication is advisable. Oral atropine (0.01-0.02 mg/kg) minimizes bradycardia induced by vasovagal stimulation and also decreases airway secretions [4]. Systemic administration of atropine is not usually required with sevoflurane, but it maintains cardiac output in the presence of high inspired concentrations of halothane.

Topical anaesthesia is of particular importance when conscious sedation is used. Lidocaine 2-5% is applied in the nose and larynx and 0.5-1% below the larynx. Lidocaine may be instilled directly, sprayed or nebulized (3-5 ml of 2-4% lidocaine). The total dose should not exceed 5-7 mg/ kg [5], but the exact amount applied is difficult to assess as most of the lidocaine administered is removed by suction, spitting or swallowing. Insufficient topical anaesthesia will result in pain, cough, laryngospasm and/or bronchospasm due to vagal stimulation. A further consideration is the possible effect of local anaesthetic agents on the larynx. In a study of 156 infant FBs, in whom sedation with midazolam and nalbuphine was administered, topical lidocaine inadvertently resulted in worsening of laryngomalacia (arytenoidal collapse and epiglottal folding). The authors concluded that during FB the larynx should be inspected before topical anaesthesia is applied [6].

Sedation and Anaesthesia

Bronchoscopy, like any invasive technique, may induce anxiety, fear, pain and unpleasant memory of the experience. Paediatric patients should almost always be sedated for bronchoscopy. The available techniques are conscious sedation and deep sedation (i.e. general anaesthesia).

Conscious sedation and analgesia describe the state that allows the patients to tolerate ‘unpleasant’ procedures while maintaining adequate cardiorespiratory function and the ability to respond purposefully to verbal commands and tactile stimulation. A child in a state of conscious sedation should be comfortable, not anxious, responsive to verbal and other sensory input but indifferent to that input. The Joint Commission on Accreditation of Healthcare Organizations has mandated that children undergoing sedation for various procedures must receive the same standard of care as those who undergo general anaesthesia [7].

Deep sedation (synonym for general anaesthesia) with complete loss of consciousness is defined as the failure to respond to verbal commands or tactile stimulation. It is achieved by drugs administered by a trained anaesthesiologist [7].

Sedation is contraindicated in patients who are at risk for airway obstruction, respiratory depression or intubated. Young infants may not require sedation if transnasal laryngoscopy is performed, but attention should be paid to their comfort.

As no single agent adequately provides anxiolysis, analgesia and amnesia, a combination of drugs is most often used, especially if conscious sedation is instituted [8].

Conscious Sedation in FB

There is no unique protocol for inducing conscious sedation. It appears that combinations of agents are more effective than single agents. However, published data suggest that drug combinations may increase the likelihood of adverse outcomes. Anxiolysis and analgesia may also be achieved with nitrous oxide via a face mask with a mixture of 50% nitrous oxide and oxygen. Sedation should be given in small incremental doses until the desired effect is obtained.

Table 1 lists the main agents which are usually used to induce conscious sedation; these are briefly discussed below:

• Midazolam is a water-soluble benzodiazepine. Its advantages are that it reduces anxiety and causes amnesia of the procedure. Midazolam has a short onset of action (15-30 min when administered orally), and its duration of action is approximately 90 min (peaks at 30 min). Its effects are additive to those of narcotics. Flumazenil is used as an antagonist. Midazolam is not intended for use as a sole agent in paediatric sedation but should be administered in association with a narcotic or nitrous oxide via a face mask. It may also be useful as an oral agent for presedation.

• Meperidine is a synthetic opiate that produces both sedation and analgesia; it has the advantage of rapid onset of action and easy reversibility by its antagonist, naloxone. Meperidine is preferably administered intravenously by fractional doses in order to achieve the desired effect with the minimum drug dose. The use of a benzodiazepine reduces the required dose of meperidine. Known adverse effects are: respiratory depression that may last longer than its other clinical effects, transient urticaria due to release of histamine, transient hypotension, nausea and vomiting.

• Inhalation of premixed 50% nitrous oxide and oxygen provides both anxiolysis and analgesia. In a prospective double-blind study, Fauroux et al. [9] compared the effect of this fixed inhalational mixture with a control gas mixture (premixed 50% nitrogen and oxygen). One hundred and five children, aged 1 month to 18 years, were studied. Inhalations were performed through a face mask following intrarectal midazolam and topical anaesthesia with lidocaine. The primary outcome was the number of treatment failures and the need to switch to an open inhalation treatment if the child felt pain or discomfort at any time. The failure rate was significantly lower in the nitrous oxide group: 11 versus 43% (p < 0.00003). The efficacy of nitrous oxide was also confirmed by a higher satisfaction score, a lower Children's Hospital of Eastern Ontario Pain Scale rating, better visual analogue scale rating and improved behaviour scores.

Table 1. Main drugs used for sedation in paediatric FB

[image: image]

In a 1997 survey of 51 European bronchoscopic centres [10], midazolam was by far the most frequently used sedative (50%), followed by meperidine.

Deep Sedation in FB

Deep sedation may be achieved either by an intravenous drug (propofol, ketamine, sulfentanyl, remifentanyl) or a volatile agent (halothane, sevoflurane), which can be used alone or in combination (table 1). The use of appropriate equipment and the presence of a trained anaesthesiologist are dictated by the type of sedation. The required equipment includes pulse oximeter, blood-pressure-measuring device, electrocardiograph, capnograph (when a tracheal tube or laryngeal mask is used) and if possible a temperature monitor.

• Propofol is an intravenous sedative hypnotic agent administered at a dose of 2-5 mg/kg. It has a rapid onset and a short duration of action. The level of sedation and that of respiratory depression are dose dependent. Pain at the injection site is common, but it cannot be completely eliminated by lidocaine. To date, propofol has not been approved for neonates.

• The use of ketamine as an anaesthetic agent is less common in children. Ketamine has been associated with laryngospasm and bronchospasm. It should be used in combination with atropine because it may increase bronchial mucus secretion via stimulation of the central cholinergic receptors. Ketamine can be used successfully but requires attention to topical anaesthesia of the airway in order to reduce the risk of laryngospasm; the addition of a benzodiazepine is also recommended to prevent the emergence of hallucinations. Berkenbosch et al. [11] have reported their experience of 59 procedures in 55 infants (mean age 6.1 ±3.1 months). Sedation was achieved either with a combination of ketamine and midazolam or a combination of ketamine, midazolam and fentanyl. The mean dose of intravenous fentanyl was 3.1 ± 1.7 mg/kg. Only 1 infant could not be adequately sedated. There were no major complications, while the incidence of minor complications was 23.7%, most commonly mild hypoxaemia.

• Inhalational agents are commonly used to induce anaesthesia in children. Inhalational induction is generally rapid, painless and well tolerated, particularly when sevoflurane is used [12]. Indeed, sevoflurane has a rapid onset of action, its effects quickly resolve after discontinuing drug administration, it does not cause pain, has minimal cardiovascular and no bronchoconstrictive effects, and allows deep sedation with preservation of spontaneous ventilation. Halothane can also be used for induction. It is a direct myocardial depressant but its use numbers decades of experience. It is not irritating to the airways, depresses airway reflexes and may cause some bronchial dilatation. When using inhalational agents, the preferred technique for administration is usually by face mask with the bronchoscope passed through a port on the mask, while the anaesthetic gas is delivered (fig. 1). An alternative technique is the use of a laryngeal mask.

• Remifentanyl is a synthetic opioid agent which is a strong analgesic. It is preferred to fentanyl or sufentanyl due to its pharmacological properties. When compared to fentanyl, it has a short duration of action. It has a short half-life (1-2 min), which essentially eliminates the risk of a cumulative effect. Its adverse effects include respiratory depression, nausea and rigid chest syndrome, which is characterized by markedly decreased compliance of the chest wall when the drug is given as a rapid bolus [13]. It is rarely used in anaesthesia for FB, but it is used in rigid endoscopy.

[image: Img]

Fig. 1. Face mask used for FB. The bronchoscope is passed through a port on the mask while the anaesthetic gas or a mixture of 50% nitrous oxide and oxygen is delivered.

Currently, when deep sedation is used, the usual techniques employed are sevoflurane alone, propofol alone or the combination of the two.

Conscious or Deep Sedation?

The technique of sedation used depends on many factors: respiratory status, psychological and emotional status of the patient, underlying disease, drugs available, availability of an anaesthetist and type(s) of procedure(s) to be performed.
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